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PHOTOMICRO 
CAMERA with 
Poiaroid Land Back 





$ Just as the introduction of the Polaroid Land system 

{ of virtually instantaneous prints opened up a new era 

| $ in orthodox photography, so the application of this 

f i same system to photomicrography offers vast new 

possibilities and great advantages to the micrescopist 

i The essential part of the Polaroid Land apparatus, 

the camera back, has been adapted to fit the basic unit 

~ of the Watson Eyepiece Camera so that examination 

wa i of positive photomicrographs ıs possible within seconds 

{ of exposure The camera Is rigidly supported above a 

levelling base which ts large enough to accommodate 
. a wide range of microscopes 

i The almost instant availability of a print means that 

the photomicrograph can be attached at once to the 

written report of visual observation Moreover, should 


' ! there be sonieth, aq c-niss with contrast or focus, the 
fault can be picked up immediately, necessary correc- 
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tions made, and a new exposure taken This ıs particu- 
iarly important where the phenomena under examination 
are of a transitory nature 

~ And with the introduction of ultra high-speed Pola- 
Scope film, rated at 10,000 ASA, photomicrography ts 
now a perfectly feasible proposition under lighting 
conditions which hitherto would have been 
considered impossible 
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The Watson Photomicro Camera with Polaroid Land 
Back produces direct paper positive prints size 34” x 42”, 
or black and white transparencies for projection. 


‘Polaroid’ & ‘PolaScope’ reg trade marks of Polaroid Corp 
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PIRANI MODEL & 
INDICATING ` 
'& RECORDING GAUGES 


These new “SPEEDIVAC" Pirani gauges are 
of the constant voltage bridge type 

The bridge voltage is transistor stabilised 
‘and, therefore, independent of load varia- 
tions resulting from pressure changes at 
the gauge, head, and virtually independent 
of mains supply fluctuations up to 15% 
This high stability, and the elimination of 
manual bridge voltage adjustment makes 
the Series 8 ideally suitable for use with a 
recorder. With the multi-head switch unit 
up to six gauge heads can be connected 
for indication and recording. 
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“spEED Ie mo 10 torr to 10-7 torr in two ranges (Model 8-1) N 
T torr to 10-‘ torr in two ranges (Model 8-2) A 


vacuum | 
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IONISATION-PIRANI 
GAUGE MODEL 1 


To match the higher vacuum performances 
of the latest “SPEEDIVAC" equipment we 
have developed a combined thermionic and 
Pirani gauge control unit which indicates 
pressures between 1 torr and 10-8 torr. The 
tremendous advantage of this single, com- 
pact unit (cabinet size 19 x 5% m.) (492 x 
140 mm.) 1s that one ionisation gauge head 
and two Pirani heads can be connected 
. forsimultaneous indication of both fine and 
” backing side pressures, 
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1 torr to 10-2 torr way 


Another new “SPEEDIVAC'S product for 1963 oo 
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“Şpeedivac” products and service are available internationally j 
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4. Flow electrode assembly designed for rapid buffering. 
2. Flush-mounting industral amplifier with 11” scale 
3. Laboratory pH meter Discrimination and accuracy 0 001 pH 
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POTENTIOMETRIC 
oh METER 


DO PAT dh CAEN 


From the world's most accurate pH meter to an incomparably rugged 
flame-proof industrial pH amplifier, from an unequalled range of pH 
electrodes to entirely comprehensive process control systems—Pye 
approach every aspect of pH measurement with massive know-how — 
give you Pye Precision every time 

Ten different Pye pH meters and more than 200 different Pye Ingold pH 
electrodes permit a perfect measuring system to be tailored for any 
application Pye engineers and chemists with extensive laboratory 
facilities for chemical analysis and process simulation will examine any 
problem involving pH. They can recommend the most suitable labora- 
tory equipment and can design and install, or commission, complete 
systems for industrial pH monitoring and contro! To ensure optimum 
performance over the years, Pye provide regular contractual maintenance 
in the U.K. and Pye Agents provide similar facilities in many parts.of the 


world A short-form catalogue, application sheets and technical data 
can be sent to you today. 
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THE PRICE OF GROWTH* 


HE growth of output 1s now recerving more emphasis 
than ever before This is so in the rich countries as 

well as in the poor, ıt ıs true of the Commumst world 
even more than of the West Paradoxically the affluent 
society has been much criticized m the West Growth 
and affluence are both emotive words, one good and the 
other bad 

There are several reasons for the mcreased emphasis on 
growth Competition has been stimulated by mter- 
national league tables prepared by economic statisticians, 
who may be the most subfuse of agitators, but are not the 
least powerful The needs of national security afford 
another reason Another ıs the reluctant but growing 
recognition that little can be achieved by the redistribu- 
tion of income, the new emphasis therefore reflects a new 
realism which may imply a less apocalyptic view of 
social improvement Moreover, the high degree of suc- 
cess m preventing unemployment since the War has 
diverted attention to the importance of raismg produc- 
tivity 

Growth often involves a price. How much should be 
sacrificed m other directions for the sake of how much 
more growth? A more rapid growth of output must 
not be described as an economic objective while personal 
freedom or defence or the preservation of local commun- 
ties are held to be non-economic objectives This is a 
mususe of terms Economics deals with means not ends 
Formal welfare analysis has been cautious but modern 
apphed economics 18 less so It must be recognized that 
genuine conflicts involving value judgements will be 
encountered If they do nothing else, economists can at 
least help to disentangle the issues, and to mdicate where 
possible the orders of magnitude, and to pomt out where 
the ultimate value judgements must be made 

It has been held that growth would be fostered ıf the 
Trade Unions were to be emasculated, as they have 
been m the USSR But we would hesitate ın the 
West before overthrowing one of the most effective forms 
of countervailing power confronting the State Of 
course, the factual assumptions need to be examined 
m detail and the possibility of a third alternative mvesti- 
gated. But sacrifices may sometimes have to be accepted 
Cost-inflation, ‘stop —start’ and a slower rate of growth 
may result from a refusal to enforce an mcomes policy 
if such a policy is not accepted voluntarily This should 
be borne in mind in making international comparisons 

If growth were to be given the emphasis in Great 
Britain whieh ıt recerves m Communist countries, the 
best managers might not be greatly affected but the weaker 
managers would be and the inquisitions and the punish- 
ments which would accompany such a policy would 
represent, m a broader sense, a loss of social efficiency 
Another question 18 how far equality should be sacrificed 
for the sake of growth Even if rapid growth does not 
mean, that there are losers as well as gamers, the gap 
between rich and poor may sometimes widen domestically 
or mternationally Would more equality be preferred 
even if everyone were poor? Regional policy affords 
another example rapid growth 1s not consistent with 

* Substance of presidential address delivered by Prof T Wilson, Professor 


of Political Economy, University of Glasgow, on September 2 before Section 
F (Economies) of the British Association meetmg in Aberdeen 
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bolstering up industry ın every location whether suitable 
or otherwise 

The needs of growth will often conflict with other needs, 
but these conflicts must not be exaggerated Rapid 
growth will often be the best way of solvmg other problems 
as well as raising the average level of mcome For example, 
growth in the West has clearly drawn much of the sting 
from mequality, or again, within the less-prosperous areas, 
there may be potential zones of growth and the national 
objective of higher output may comede with local needs 
Sometimes an apparent conflict reflects a failure to appre- 
ciate the facts It would be foolish to direct labour mto 
particular occupations merely for the sake of growth, 
direction 1s mefficient, and individual freedom would often 
be sacrificed for no purpose Moreover, the quantities 
must be examimed Thus the fashionable claim that for 
the sake of growth Britain must spend less abroad on aid 
and, defence ignores the orders of magnitude and unphes 
a disproportionate sacrifice for a modest gam 

Finally, the role of the economist ın these matters was 
reviewed by Prof Wilson He showed how the economist 
can break up complex propositions into thew consistent 
parts measurable factual considerations, non-measurable 
factual considerations; considerations of a knd not profes- 
sionally studied by economists such as public health or 
strategy, ultumate value judgements. The value judge- 
ments will often be present, but ıb 1s suggested that they 
will give rise to less disagreement than 1s frequently 
supposed provided the rest of the analysis has been 
adequately performed ` 


THE SUN AND THE EARTH’S 
ENVIRONMENT 
Geophysics 


The Earth’s Environment-——Lectures delivered at Les 
Houches durmg the 1962 Session of the Summer School 
of Theoretical Physics, University of Grenoble. Edited 
by C DeWitt, J. Hieblot and A. Lebeau. Pp xiv+ 624 
(New York and London. Gordon and Breach, 1963 ) 
10 50 dollars, cloth, 8 50 dollars, paper. 


Physique Solaire et Géophysique 
Par Prof A Dauvilher. Pp 362+1 planche 
Masson et Cre, 1962) 72 NF 


URING the past few years there has been mtensive 
study of the Earth’s upper atmosphere and of that 
part of the Sun’s outer envelope which hes beyond 
it The fascmation of this field of research, and the 
availability of new facts resulting from experiments m 
rockets and satellites, have led to a volumimous outpour- 
ing of publications, some important and some trivial The 
writings are so numerous that even those closely interested 
in the subjecé find ıt difficult to follow the advance of their 
own httle specialty, those studymg the subject for 
the first time find ıt unusually confusmg Any writmgs 
which am at summarizing the results either for the 
expert or for those starting research on the subject 
are particularly welcome, and deserve close examination 
to decide just how useful they are 
Geophysics The Barth's Environment contains chapters 
based on a series of lectures delivered at Les Houches 
durmg the 1962 session of the summer school of theoreti- 
cal physics, the University of Grenoble 


(Paris. 
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The subjects and authors are as follows “Introduction 
à |Electrodynamique des Plasmas’ (J F Denuisse), 
“Lectures on Magnetoronie Theory” (K G Budden), 
“Motion of Charged Particles in Earth’s Magnetic Field” 
(J W Chamberlam) “La Drffusion des Ondes Electro- 
magnétiques par les Plasmas” (R Benort), “La Con- 
stitution et la Composition de l’Atmosphére Supérieure”’ 
(Marcel Nicolet), ‘he Structure of the Ionosphere” 
(GA J F MacDonald), “Introduction à l'étude de la 
Lumimescence Atmosphérique et de l’aurore Polaire” 
(D Barbier), “Solar Plasma, Geomagnetism and Aurora” 
(Sydney Chapman), “The Structure of the Exosphere or 
Adventures m Velocity Space” (J W Dungey), “Whist- 
lors” (R Gallet), ‘Motions m the High Atmosphere” 
(G. J. E MacDonald) 

The first part of the book, devoted to basic theory, 
will perhaps prove the most useful to many readers, since 
1t collects, m an admirably sucemct way, the important 
theoretical considerations from a ‘wide field of knowledge 
Denisse deals with such topics as the diamagnetism of a 
plasma, the diffusion of magnetic field into a plasma, 
Alfvén waves, magneto-sound waves, Landau damping. 
Budden discusses, among other topics, the travel of wave- 
packets and the concept of rays, the 1onospheric disper- 
sion of pulses and short wave-trains, the concept of wave 
admittance applied to the reflexion of waves from the 
10n0sphere, and the phase-integral method of calculation 
Chamberlain’s treatment of the orbits of magnetically 
trapped particles, m which he shows the relation between 
the approaches of Stormer, Alfvén, and the hydro- 
magnetic theory, 1s particularly helpful Dungey’s article 
might well have been included in Part 1, it contams a 
useful section on hydromagnetic waves 

From Part 2, dealmg with the composition and con- 
stitution of the Earth’s environment, 1t 1s natural to pick 
out the articles by Nicolet and Chapman for particular 
comment Among other topics, Nicolet deals with the 
constitution and temperature of the neutral atmosphere, 
the effect on ıt of solar radiation, and the diffusion of the 
resulting ions and electrons Chapman discusses geo- 
magnetism, the solar plasma on 1ts way to the Earth, the 
mutual imfluence of the solar gas and the geomagnetic 
field, magnetic disturbance and aurora, and the rmg cur- 
rent and its effects Both these chapters take the form of 
concise summarized progress reports from workers acirve 
m ther own fields They are most valuable 

The foregoing list of authors and subjects guarantees 
the scholarly nature and the rehabilty of the treat- 
mont, what ıt does not mdicate ıs the admirably concise 
and clear way m which the articles are written A 
considerable effort has clearly been put mto the selection 
of the material and 1ts presentation m. a straightforward 
and logicalmanner The highly successful outcome results 
probably from the fact that these were lectures m which 
emphasis had to be placed on essentials and fundamentals 
The authors have suceeded in dealing with the more 
important and newer parts of their subjects without be- 
coming imvolved in detail, or losing touch with fundamen- 
tal prinerples 

The book 1s up to date, authoritative, selective, and 
unusually well composed It will be an essential part of 
the lhbrary of all serious workers concerned with the 
Earth’s environment Begmners will find m ıb a succinct 
mtroduction to their chosen subject of research and to 
related fields 

Physique Solare et Géophysique, by A Dauvilher, 
might be expected, from its title, to be equally valuable 
Surprismgly, however, ıt contains httle dealmg with 
research work of recent years, and seems to be largely 
an account of the subject as known m about 1950 The 
sub-title lists the contents of the book “L’Héhomag- 
netisme——le vent solare l'émission d’électrons solaires 
rélativistes, la théorie oscilatowe de Vactivité solaire, 
rélations entre les phenoménes solaires et terrestres” 
The portions on solar-terrestrial relations are so made- 
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quate that the melusion of Géophysique m the title 1s 
misleading For example, the section on “Geomagnetism, 
Variations and Origin” hsts 46 references all dated prior 
to 1952, and occupies only 16 pages, that on the 10n0- 
sphere lsts 23 references previous to 1952 and 6 after that 
date and occupies 8 pages 

The book from Les Houches 1s so outstandingly good 
that ıt 1s perhaps a httle unfair to review the other 
with it, but even if 1t had been considered, alone, the book 
Physique Solarre et Géophysique could scarcely be described, 


as an up-to-date text-book for any purpose 
J A RATCLOFE 
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MASS TRANSFER SIMPLIFIED 


Convective Mass Transfer 

An Introduction. By Prof D B Spaldmg Pp xv+448 
(London Edward Arnold (Publishers), Ltd, 1963) 
70s net 


ROF SPALDING ıs known for his idiosyncratic 
approach to heat and mass transfer This mtro- 
ductory volume sees his method displayed to full advan- 
tage and may well win converts to his cause His 
enthusiasm and determination. are obviously nexhaustible, 
for there is not a sloppy paragraph m the whole book 
After a model preface which explains his present pur- 
pose, he surveys the field of his endeavour in a short 
introductory chapter, this gracefully encompasses such 
diverse topics as evaporation from the ocean, the forma- 
tion of smoke m a flame, the ablation of a meteorite and 
the Bessemer converter, besides the many separation and 
extraction processes of chemical engineermg With 
admirable precision, he then enunciates his “Provisional 
Theory of Mass Transfer” (some might prefer the word 
interpretation to the word theory, but this is to be petty), 
and describes the two concepts on which it 1s based 
Reynolds flow and drivmg force By choosing a graded 
sequence of real phenomena, the author shows how these 
‘fundamental’ quantities are derived ın progressively 
more complex examples of mass and heat transfer across 
an unterface, and finally shows how transfer rates can be 
calculated ın a comprehensive range of practical circum- 
stances, most of them m the field of chemical engineering 
and fuel technology 
Simplicity and directness, ever desirable qualities in 
an engineer, are the maimspring of his approach An 
engineer seeks to calculate mass-transfer rates, not 
necessarily to understand the physical and chemical 
processes leading to them Prof Spaldmg evidently 
realizes this, and has made a great effort ın this volume to 
provide a consistent and comprehensive elementary text- 
book forthe practising engmeer It proves equally suited 
to undergraduate teaching This utilitarian attitude 1s 
not the present trend in pedagogy, and for this reason such 
a book deserves careful consideration The author suc- 
ceeds magnificently m his task of providing a simple 
framework that will admit the results of modern theory 
and experiment through progressive elaboration of the 
description of the ‘fundamental’ quantities Constants 
become functions, new dimensionless groups appear, 
boundary conditions are refined 
All this ıs done without reference to anythmg more 
elaborate than derivatives and mtegrals The results of 
more exact theones relying on the solution of differen- 
tial equations are quoted and used, but thew derivation 
is relegated to later volumes ‘This ‘layman’s’ approach 
uses engimeering science as & means to an end, and no 
more A refreshing verdict and one that should corm- 
mend itself to those who are attempting to foster tech- 
nological progress in Britain As the numbers undergoing 
higher education merease, teachers will need more and 
more text-books of this type, m which the complicated 
results of modern science are digested, formalzed, simplh- 
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fied and shown to be useful ın well-defined contexts 
Intending authors could do little better than study Prof 
Spalding’s exemplary model Startimg from a wealth of 
scholarship and experience, he has provided a lucıd, and 
logically developed exposition of a topic that can now 
almost be regarded as a discipline m its own mght A 
generous number of worked examples and a profusion of 
diagrams further enhance the value of this work, which 1s 
singularly free fiom the errors, omissions, ambiguities 
and imelegancies that characterize most text-books 
pubhshed to-day J R, A PEARSON 
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PETROLOGICAL MINERALOGY 


Rock-forming Minerals 


By Prof W A Deer, Dr R A Howie and Dr J Zussman 
Vol 2 Chain Silicates Pp x+3879 Vol 3 Sheet 
Siheates Pp x+270 Vol 4 Framework Silicates 
Pp x+435 Vol 5 Non-Silcates Pp 1x+371 (London 
Longmans, Green and Co, Ltd, 1962-63.) 95s each 
volume 


HE fiist volume of this series was reviewed in 
Nature of July 7, 1962, p 4 The work is now 

complete ın four further volumes of similar average 
length of about 350 pages Variations of chemical 
composition within a group, discussed on a structural 
basis, are treated throughout as fully as in Volume 1 
The descriptions of the pyroxene group and of the amphi- 
bole group, for example, each occupy a little less than 
one-half of volume 2, and each account 1s accompanied 
by more than 200 selected analyses (there are more than 
1,600 ın the whole work), with optical data where available 
and the appropriate structural recalculations of numbers 
of ions The account of each species concludes with a 
valuable discussion of the paragenesis 

It ıs difficult to find fault with the selections of ref- 
erences to recent work appended to the accounts of each 
species References are stated to be comprehensive to 
1959 (in Volume 4 to 1960), but there are many later 
additions—from Volume 4 one can trace stishovite, 
and recent work on melanophlogite, through references 
dated 1962 References are also given to selected classical 
papers, and here one sometimes misses a favourite, 
there seems to be no reference, for example, to Wahl’s 
work on pyroxenes A. similar problem of selection has 
faced the authors in the matter of obsolescent mineral 
names In Volume 2 there are ndexed references to names 
such as magnophorite, osannite, and umerinite, though they 
are discarded as unnecessary, one cannot, however, trace 
damouzite, gilbertite, or margarodite through Volume 3 
Among preferred spellings are piemontite, katophorite, 
and felspar 

I have noticed even fewer printer’s errors in these 
volumes than in Volume 1 This strengthens confidence 
ın the accuracy of reproduction of the whole mass of 
numerical data, which can, of course, only be checked in 
detail by use The mdex 110 ıs misplaced in Fig 24 b 
of Volume 4, and the mdexing of the figure of barytes 
13 not im accordance with the structural description 
It is not clear what 1s rmphed by the assertion, m the 
tabula: statement of properties, that the orthorhombic 
pyroxenes show ‘simple and lamellar’ twinning on {100}, 
though there 1s, of course, a discussion of the significance 
of the lamellar structures later in the text Fassaite 1s 
characterized, surely, by the strong development of the 
form {110}, and not of the zone [110] Structurally it is 
improbable that periclase shows an octahedral cleavage 
though the statement ıs repeated ın many text-books 

Inevitably, the speed with which mineralogical research 
1s progressing means that some passages n these volumes 
already call for modification—the phase diagrams of 
Figs 15 and 17 of Volume 2, for example, in the hght of 
work published since 1960 One hopes that the make-up 
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ın five 1easonably sized volumes (which are a delight to 
handle) will enable the authors more easily to keep pace 
with the revised editions which will surely be demanded 
This sub-division, will also enable individuals to avoid the 
expense of the whole series, variously described by 
reviewers of Volume 1 im terms ranging from “rather 
expensive” to “lamentable”, by acquirmg only the 
volumes with which they are directly concerned It 
seems hkely that Volumes 2 and 4 will be most consulted, 
closely followed by Volume 1 Specialized literature 
already exists ın the field of the clay-mmerals and their 
allies, covered in the last third of Volume 3, and also for a 
number of the groups of non-silicates in Volume 5, such 
as the opaque ores In the remamder of the series, 
however, covering major mineral groups for which no 
comprehensive hterature has hitherto been available, 
the authors have gone far beyond mere compilation and 
provide accounts which are mformative and critical 
There ıs no general index to the five volumes, this 1s 
little drawback to tracing mineral descriptions in view 
of the clear-cut division of the first four volumes on the 
basis of structural types, but ıt does sometimes make 16 
less easy to locate more general matter such as references 
to a particular system 

Reviewing the work as a whole, one 1s left with a 
feeling of gratitude to the three authors for undertaking 
this very necessary but highly onerous task, and with 
nothing but admiration of the successful way in which 
they have carried ıt out Just as one has automatically 
turned to ‘Dana’ for crystallographic data, and to “Win- 
chell’ for optical data over the whole field of minerals, so 
‘Deer, Howie, and Zussman’ will certamly establish 
itself as the standard source of information on the chemi- 
cal, structural, and optical properties of the mportanti 
rock-forming munerals F C PHILLIPS 


DIAMONDS IN INDUSTRY 


Proceedings of the First International Congress on 
Diamonds in Industry 

Held at the Centre des Conférences Internationales, Paris, 

28 May~—2 June, 1962 Pp x1+407 (London Industrial 

Diamond Information Bureau, 1963) np 


ii handsome volume of 400 quarto pages provides a 
valuable permanent record of papors read and 
discussed, at the first International Congress on Diamonds 
in Industry, which was opened in Paris on Monday, May 
28, 1962, and closed on the following Saturday No 
fewer than 38 quite :mportant papers wero presented 
at the Congiess, and in most cases were followed by a 
lively discussion Tho inclusion of a report of these 
discussions in the symposium adds considerably not only 
to its scientific and technological but also to its human 
interest 

Diamond ıs, of course, of outstanding importance as a 
gemstone and (because of its extreme hardness) as an 
industrial material, but ıb 18 also of very special mterest 
in solid-state physics on account of 1ts unique behaviour 
and the (largely unpredictable) variations mits behaviour 
Although its elementary composition has been realized 
for centuries and its crystal structure was one of the first 
(1913) to be established by the methods of X-ray crystal 
analysis, this was far from meaning that our knowledge 
ofthe mineral was complete The discovery that, based on 
differences ın their absorptive properties, diamonds can 
be classified into two ‘types’ was described by Robertson, 
Fox and Martin (1931) in a famous paper and served as a 
signal for further research In succeeding decades the 
interrelation of absorption and fluorescence, the altera- 
tions brought about by various forms of irradiation, the 
‘counting’ and semzi-conductive properties of certain 
specimens, and the first repeatable and large-scale produc- 
tion of diamond by artificial means, have all acted as 
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further stimuli for mvestagation There is now scarcely 
any aspect of diamond behaviour which has not been 
closely studied by physicists, and the pace shows no 
signs of slackening 

In recent years, credit for encouraging such intense 
activity m this field must be given to the de Beers group 
of diamond companies, which has not only established 
three well-equipped and well-staffed diamond laboratories 
in South Africa, but has also sponsored fundamental 
research im several universities ın Britam, and provided 
specimens for research ın all parts of the world Annual 
conferences have also been arranged at Oxford, Reading, 
Bristol, etc, where workers on diamond have given 
research reports and exchanged views 

Although the Paris Congress was the first to be held 
on the mdustmal diamond, ıt had much in common 
with the previous discussions on diamond in general— 
particularly ın the last 15 papers, which are grouped under 
the heading “Scientific Session”? In fact ıb 18 sympto- 
matic of modern trends in industry that only some half- 
dozen papers even ın the “Technological Session”’ could be 
romotely understood by the non-scientist Sir Gordon 
Sutherland acted as general chairman of the technological 
sossion, and Prof Jean Wiart of the scientific session 

The technological papers for the most part follow 
expected lines, as suggested by some of the titles, for 
example, ‘‘Determmation of the Shape of Diamond 
Grit Particles’; “A Comparison of Different Methods 
of Particle Size Analysis”, ‘Evaluation of Diamond 
Grit m Resm Bonded Diamond Wheels’, “Theory of 
Grinding’’, ete 

The purely scientific papers opened with a review of tho 
somiconductivity of diamonds by Prof E W J Mitchell 
and of opticai properties of electron- and neutron-urradiated 
diamond by Dr C D Clark, both of the University of 
Reading, where so much of the origmal work on these 
topics was carried out The Clarendon Laboratory, 
Oxford, another rmportant centre for diamond research, 
was represented by Dr Eileen M Wilks on the hardness of 
diamond and by Dr R Berman on the graphite-diamond 
equilibrium diagram 

From the Cavendish Laboratory, Cambridge, came a 
valuable contribution on fracture propagation in diamond, 
in which the main ‘fracture’ considered was the octahedral 
cleavage By means of high-speed photography, a maxı- 
mum velocity of 7,200 metres per second was recorded 
for this cleavage Marked differences between the 
cleavage surfaces of Type I and Type IT diamonds have 
been observed 

No diamond conference would be complete without a 
contribution from Prof Tolansky, whose applications of 
multiple-beam interferometry have so enriched our 
knowledge of the detailed nature of diamond surfaces 
Tolansky gave an account of the surface topography 
of natural and synthetic diamonds, including crystals 
made by the General Electric Co of America, the de Beers 
laboratories, and the Allmanna Svenska Elektriska 
Aktiebolaget-: notable differences were observed between 
crystals produced ın each of these centres, and between 
all synthetic crystals and those found in Nature 

An unusual contribution was one from Michael Seal 
(New Jersey) ın which the exper:ments of Hannay and 
Moissan on the synthesis of diamond are re-examined 
Plastic replicas of the surfaces of the tiny fragments left 
by Hannay in the British Museum (Natural History) 
wore prepared to enable them to be examined by electron 
mucroscopy and compared with the correspondmg surfaces 
in natural and modern synthetic diamonds, and the 
experiments of Moissan were substantially repeated The 
residual fragments, after lengthy separation processes, 
had much in common with those described and figured by 
Moissan, and ın some cases closely resembled diamond, 
though most were found to be silicon carbide or corundum 
Mr Seal kept a commendably open mind on the claims of 
these early pioneers 
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Space does not permit even the mention of many other 
valuable papers in this symposium Anyone interested 
in the properties of diamond will certamly wish to possess 
this volume The ample references at the end of each 
paper enable the reader to explore each subject in depth if 
required Mr Patrick Greene ıs to be congratulated on his 
success ın assembling, editing, and where necessary 
translating this mass of mformation 

B W ANDERSON 
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MUTATION AND GENETICS 


Mutation 

An Introduction to Research on Mutagenesis By Dr. 
Charlotte Auerbach Part 1 Methods Pp xn+176+4 
plates (Edmburgh and London Ohver and Boyd, 
Ltd , 1962) 12s 6d net 


The Science of Genetics 

By Dr Charlotte Auerbach 
Labrary ) Pp x+273 (London 
(Publishers), Ltd , 1962) 21s net 


R CHARLOTTE AUERBACH has contributed two 
more books to the literature of genetics They are 
written with the economy and lucidity of style for whch 
the author 1s already renowned, and each is admirably 
planned and executed for 1ts purpose In Mutation An 
Introduction to Research on Mutagenesis Part 1 Methods, 
Auerbach mtroduces her subject with two short general 
chapters covering types of mutation, methods of distin- 
guishing environmentally induced variations from truly 
genetic ones, mechanisms of mutation and the concept of 
mutation rate, and five basic rules for mutation research 
Methods and procedures for various organisms are then 
outlhned under four main headmgs Drosophila, animals 
other than Drosophila, flowermg plants and micro-organ- 
isms The last category occupies one-third of the book and 
includes explicit accounts of screening tests m Neurospora 
and bactena, the detection of biochemical and other 
physiological mutations ın fung, algae and bacteria, and 
the genetical analysis of mutants m these types and mn 
viruses A final chapter deals with new systems such as 
transforming principle and mammalian cells The book 
is illustrated by diagrams and tables which are helpful m 
supplementing the text and providing condensed material 
for reference Each group of chapters 1s followed by a few 
references to books and papers, with titles, and sometimes 
with a note about contents, making ıt easy for the reader 
to pursue particular topics This small book will be 
valuable not only to students and mvestigators m the field 
of mutation research. but also to many non-geneticsts 
who need a means of understanding experments m 
mutagenesis 
The second book, The Science of Genetics, 18 an element- 
ary text-book, taking the reader all the way from a defin1- 
tion of the subject to virus and bacterial genotics, trans- 
forming principle, and a description of the DNA double 
helix and its genetic code The stages ım this journey are 
easy, the chapters are short and each follows smoothly 
from the one before, consolidating m unobtrusive but 
reassuring ways the progress already made No previous 
biological training 1s assumed The book is admirably 
suited for school use at the same time its range and 
substance are such as to make ıt rewarding also to the 
educated biologist, and few adult readers will fail to wish 
that an equally brief, lucid and mformative text had been 
available m their younger days Here are all the funda- 
mentals of the science, as well as a view mto ts more 
advanced chapters and 1ts wider mmplications Mendel’s 
laws, the chromosomal basis, linkage and crossmg-over, 
sex-linked and lethal genes, quantitative characters, gene- 
controlled metabolic pathways, interaction between 
genes and environment, cytoplasmic mbheritance, the 
genetic basis of evolution, eugenics, and much more 
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Illustrations are chosen primarily for ther ability to 
make the pomt clear, but when possible from human 
genetics, or from familiar plants and animals. Throughout 
the book, the author’s own sense of the fascimation and 
excitement of her subject shows through the easy personal 
style of the writing Occasionally the reader 1s expheitly 
restramed from meorrectly extending genetical conclusions 
to human racial questions In this way the author shows 
her awareness of the readmess with which the human 
mind finds material to justify its prejudices. 

More than eighty refreshingly informal drawings and 
diagrams by G. Auerbach Linker not only add charm and 
hghtness to the book, but also play an essential part m 
supplementing the text There are a very short lst of 
titles for further reading, and anindex ALMA HOWARD 
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THE DAIRY COW 


The Dairy Cow 

Reproduction, Genetics, Nutrition, Habitat, Principal 
Diseases By C Craplet, translated by Catherme T M 
Hernott Pp xv+452. (London Edward Arnold 
(Pubhshers) Ltd, 1963) 130s 


HIS volume consists of six parts, each dealmg with 
one of the followimg subjects, reproduction and 

lactation, artificial amsemination, genetics, nutrition, 
housing and disease The author ıs head of the Animal 
Husbandry Department in the Grignon School in France 
and the book was written first in French It would have 
been helpful if the author had supplied even a short 
foreword to explain his object un writing the book and to 
state clearly for whom he intended it, but he has not 
done so, and one cannot help wondermg if the book 
originated as notes on which was based a series of lectures 
to students taking a general but faarly elementary course 
m anımal husbandry, the notes in some parts applying, 
quite naturally, more to France than to Brita, and m 
some parts being now somewhat out of date 

If, for example, one seeks formation on 10dinated 
protein, two page numbers are given m the index On 
p 258 the author explains that “unfortunately’’ experi- 
ments with iodinated protein are still in the laboratory 
stage, and yet on p 71 he states that the stimulatmg 
property of thyroxme on milk secretion “has been recom- 
mended to the breeder in the form of thyroxine or 10dized 
protem administration” Neither statement is true for 
Brita, where work with 1odmated protem reached the 
applied stage some 15 years ago or more, but where the 
use of thyroxine or 10dinated protein ıs not recommended 
to breeders 

On p 306, guidance is given on the seeding of pastures, 
but under the heading of “Density” (presumably amount 
of seed to use per acre) the author simply states, “see 
modern agricultural text-books” One might feel that 
in a book on the dairy cow, there would be little need to 
deal with reseeding of pastures smce pasture management, 
hike so many subjects to-day, 1s becoming more and more 
a matter for the expert, but if pasture management 1s 
to be discussed, surely the paragiaph on density could 
have been a little more informative 

Even the relative costs of barbed wire and electric 
fences are dealt with ın this book on the dairy cow, but 
they are based on prices that prevailed, presumably m 
France, m 1948, fifteen years before the book was pub- 
lished, a period ın which great changes ın prices have 
occurred and ın which the development of the electric 
fence has made much progress In calculating costs the 
wire fence taken by the author as an example consists of 
five strands of barbed wire, ın Britain ıb 1s usually 
considered sufficient if the top strand only 1s barbed 

Writing about the watermg of cattle the author states, 
“In hot weather cows may drink 80 per cent moie than 
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usual, in cold weather their intake decreases slightly, 
so that heating the water ıs a good precaution to take” 
It 1s to be hoped that any British farmer who may see 
this statement will not feel that he must add the heating 
of drinking water for cows to his numerous duties unless 
the water happens to be undrinkable because ıb 1s frozen 

In the section that deals with the utilization of the 
volatile fatty acids this curious sentence occurs, “Experi- 
mental work has revealed the facility with which tissues 
utilize acetic acid and this is the reason for the perfused 
heart of a rabbit using up more acetate per hour than 
glucose” But why is that the reason ? 

In discussing eradication of mastitis on p 391, the 
author recommends disinfecting the udder with water 
sterihzed with potassrum chloride This would be quite 
ineffective; perhaps he means sodium hypochlorite 
Two pages later ın dealing with staphylococcal mastitis the 
statement 1s made that “infected cows should be milked 
in the dry period for this will give excellent results” 

Unfamiliar terms are used in discussing the chemical 
composition of milk, for example, “de-fatted dry extract” 
which presumably means solids-not-fat and “hme com- 
bined with casein’, terms that must seem strange to a 
modern dairy chemist There are also some irritating 
little mistakes On p 246, for example, the phrase 
“permanent water” 1s used where a piped supply of water 
is meant, and nutrient supply is said to equal “‘nutritive 
value of food X quality consumed’’—surely a mistake 
for “quantity consumed’ In the index the name Voisin 
is given as Viosin Many workers are cited in the text 
but the book contains no list of references of any sort, 
so that the reader, unless he knows already, does not 
know where he can find the work cited or when ıb was 
done 

This is all most disappointing, since the dairy cow 1s 
an important subject and the publishers of this English 
translation have certainly produced 1t in a most attractive 
form The whole lay-out, the type, the figures and the 
binding are of exceptionally high quality, so much so that 
a cursory glance might well suggest that the book ought 
to be well worth the money to a reader m Britam Alas, 
such a claim would be difficult to yustify Indeed research 
and its application m vetermary and farm practice 
have advanced so far ın recent years that the time may 
well have come when each separate part of a book like 
this, which ranges from genetics and physiology to housing 
and disease, should be written by an expert of its own 
It ıs scarcely fair nowadays to expect one man to deal 
adequately with such a wide field, and in matters con- 
cerning animal husbandry what applies in one country 
may not necessarily apply ın another 

J A B SMITH 


MEDICAL BIOMETEOROLOGY 


Medical Biometeorology 

Weather, Climate and the Living Organisms By Dr S W 
Tromp, m co-operation with 26 Contributors Pp xxvu 
+991 (Amsterdam and London Elsevier Pubhshmg 
Company, 1963) 120 Df , 240s , 134 DM 


HE imfluence, real or maginary, of weather on the 
behaviour of man and animals has been the subject 
of controversy and consideration by many authorities 
and mdrviduals ever smee the human race began to think 
The scientific development of the problems, hampered 
though 1t was by contributions more conspicuous for their 
enthusiasm than thew logic, has made rapid progress 
durmg the past decade, and the author of ts volume, 
together with his twenty-six collaborators, have made a 
very welcome attempt to summanze what 1s now known 
of a very complex subject 
Dr S W ‘Tromp is head of the Biochmatological 
Research Centre at Leyden m The Netherlands, and his 


6 NATURE 


contributors are specialists of gh scientific standing m 
the United States, Germany, Great Britam, Canada, 
Peru, Austraha, The Nethorlands and Israel. The book, 
of nearly a thousand pages, commences with a review of 
the physical, chemical, air pollution and extra-terrestrial 
factors of the atmosphere and the methods used in assess- 
ing ther effects on the hvmg organism Part 4, comprising 
nearly half the book, entitled “The Effect of Weather, 
Chmate and Season on Man”, deals m considerable detail 
with the meteorological mfluences on the human bemg 
and his semi-artificial hving conditons in health and 
disease Shorter chapters follow discussing effects on 
anmmals and msects, and Part 6 deals with the mucro- 
climate of space vehicles 

The final contribution 1s of the highest umportance, 
wiitten by Prof F Sargent of the University of Ilhnois, 
it discusses the necessity and the organization of graduate 
tramimng in human biometeorology The urgent need for 
rapid advances in scientific fields mvolving two or more 
disciplines 1s such that the basic principles stated herein 
deserve wide recognition The young scientist must be 
given sound traming ın one main science followed by a 
firm working knowledge m the mnterdisciphnary régime 
In addition he must be able to work as a member of a 
team so that specialized traming and ability can be com- 
bined to solve a problem which ıs of a multiple scientific 
nature Most mportant of all, a student must learn to be 
able to understand and imterpret complex mterrelated 
facts. It must clearly be understood that advances m 
sciences are not made by the simple collection of endless 
data, but by the brams of the men who are capable of 
perceiving the new relationships which can justifiably be 
deduced from such facts 

The last part of the book consists of a very helpful 
bibhography of more than 4,000 entries The very volume 
of diverse contributions scattered throughout the scientific 
journals of the world explains why a book of this nature 
meets a real need As the author says m his “Retrospect”, 
biometeorologists stil have a long way to go before they 
can solve all the mmportant problems and fully explain 
the various observations made Nevertheless, the publica- 
tion of this volume can truly be regarded as a significant 
step forward on the road towards mereased reliable, useful 
knowledge 

The printing and presentation are good, the author 
deserves our thanks for his work and our admiration for 
his energy and devotion to his arms His last sentence 
gives us the clue as to how this can come about—‘‘It 18 
this deeper understanding of the continuous interaction 
between the hving and non-living worlds, which makes 
biometeorology one of the most fascmating and promismg 
border sciences of the twentieth century” 

L P Sire 


THE PRIMARY WORKING GROUP 


Organizational Choice 

Capabilities of Groups at the Coal Face Under Changing 
Techniques-—The Loss, Re-Discovery and Transformation 
of a Work Tradition By E L Trst G W Huggin, 
H Murray and A B Pollock Pp xv+332 (London 
Tavistock Publications (1959), Ltd , 1963) 48s net 


ie most low-seam coal-mining areas threo maim types of 
mining co-exist the traditional system of single- 
place workmg, a conventional system volving the cut- 
ting or hewing of longwalls and hand-fillinmg the coal on 
conveyors, and the attack on longwalls by a composite 
group with a much higher level of mechanization 

In the single-place system the key-figure ıs the multi- 
skilled self-supervising face-worker to whom the deputy 
or foreman stands more in the role of service agent than 
that of supervisor The face-worker graduates to this 
position after years of working on supporting jobs and 
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when he has estabhshed his nght to the commandmg 
position. Under the conventional system a distinct 
division of labour emerges where specialized tasks are 
carried out by a number of groups of varying size Hach 
group has separate pay-notes and its own mores, while 
mte1-group rivalry and some hostility are not infrequent 
Co-ordination and control come directly from manage- 
ment 

With the composite longwall system of working the 
difficulties arismg from over-specialized work roles, 
segregated task groups and lack of group cohesion aie 
successfully overcome There is a common pay-note with 
an equally shared bonus The working group itself allo- 
cates men to shifts and jobs and the result ıs a multi- 
skilled commando-like force where all suffer financially 
if any work 1s neglected 

Organizational Chorce 1s a long-term study by members 
of the Tavistock Institute of Human Relations, which 
describes, enter alia, vestigations mto the effects on 
productivity of the single place, conventional longwall 
and composite longwall systems of working The conclu- 
sions are not unexpected, and, in a truly fascimating way, 
Trist and his fellow-authors show that where the activities 
of a primary working group can be planned and controlled 
by its own members, the only bairiers to productivity 
are those set by physical mutations in man and the 
environment Over a period of two years, the composite 
group showed 1tself not only capable of functioning as a 
“self-regulating, self-developing social orgamism’’, but 
also able to mamtain itself at a high level of productivity 
throughout the whole period Even more important was 
that, at the end of the time, the groups were still growing 
in, their capacity to adapt to changes in their task environ- 
ment and to satisfy the needs of their members Whats 
more significant, however, 1s that the composite method 
of working under a fully mechanized system is but a 
return to the traditional ‘butty’ system common in 
coal-mines before the advent of mechanization The wheel 
has turned almost a full cycle and these investigations 
show that the ruthless breaking down of jobs without 
regard to human need and dignity leads only to destruc- 
tive frustration and a low level of productivity, which 
is the accompaniment of poor individual and group 
morale 

Apart from a spontaneously generated jargon which 
characterizes so many Tavistock Institute publications, 
Organizational Choice 18 a well-written description of a not 
undramatic story The text unfolds to show a clear de- 
sign, and this is supported by some illummating tables and 
diagrams General conclusions of importance are develop- 
ed from the specific findings, and all National Coal Board 
officials should see that the authors’ plea for a machine- 
centred work culture to replace the existing manual work 
culture could represent the birth of a new attitude to 
work and workers in the coal-mines The idea of group 
traming of work-groups rather than individuals also has 
much to commend it It 1s perhaps unfortunate that 
details of the present-day pay and incentive schemes have 
not been included if only to enable responsible manage- 
ment and Trade Union officials to persuade more recalei- 
trant colleagues that the benefits to the men are not only 
intangible 

So valuable is the book, however, that one wonders 
whether the authors are domg justice to themselves and 
their collaborators Their conclusions should be within 
the reach of all supervisors and workers in the coal-fields 
of Britain and elsewhere Could their account be turned 
into film’? They might also have indicated othor industries 
and organizations whore their findings might have validity. 
Metal-making rolling and forging? Oil and chemicals? 
Retail stores? The approach described im this book and 
the conclusions arrived at by Trist and his colleagues 
should also form the basis for case-histories wherever 
managers and supervisors are bemg trained 

T H Hawks 
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PRYSIua « art 


By Pror R. V JONES, CB, C.B.E. 


Department of Natural Philosophy, University of Aberdeen 


The 1859 British Association Meeting 


HE British Association first met im Aberdeen in 

1859, and the report of the meetmg shows what a 
great part the Association at that trme played both in the 
world of science and in the life of the nation The Prince 
Consort was president, and his address was a beacon in 
the advancement of the status of science in Britain The 
literature for the meeting included a long list of distm- 
gushed visitors from Great Britam and the British 
Empire, there was also a shorter list of equally distm- 
guished men from other countries, formally but bluntly 
headed, with Victorian confidence ‘Foreigners? This 
confidence was at its peak, still glowing in the triumphs 
of the Great Exhibition of 1851, and ıt was a symptom 
of the energy of the Victorians, and of the enthusiasm 
of Aberdeen, that when in 1857 the citizens of the city 
found that they had no building fit to welcome the great 
assembly of the Association, they floated a private 
company and subseribed enough capital to build the 
Music Hall in which Sir Eric Ashby delivered his presi- 
dential address to this year’s meeting The money was 
found and the Hall built, all within two years Could we 
beat that performance to-day ? 

The multitude of papers presented at the meeting 
contained many original results Here again, comparison 
with our own time shows the 1859 meeting ın a most 
favourable hght in Section A, for example, 79 papers 
were presented, compared with 25 this yea There 
are, of course, reasons why the number has dummushed 
progress and competition ın science now preclude the 
saving-up of major results for an annual meeting But 
by any standards, the content of the 1859 meeting was 
remarkable James Clerk Maxwell was a professor of 
natural philosophy in Aberdeen, and at the meeting he 
announced his derivation of the law of distiibution of 
molecular velocities in a gas, with Faraday, Kelvin and 
Joule among his audience 

Maxwell, ncidentally, was one of the original subscribers 
to the Music Hall Company, and from time to time small 
dividends were paid He left Aberdeen in 1860, and died 
prematurely ın 1879, but for long afterwards attempts 
were made, with Aberdonian honesty, to pay him his 
dividends In the end, some time in the present century, 
a desperate advertisement appeared in the Aberdeen local 
newspaper to the effect “Will anyone who knows the 
present whereabouts of Mr James Clerk Maxwell please 
communicate with the undersigned”? The advertisement 
came from the lawyers responsible for the payment of 
shareholders, because for years they had been sending 
the dividends to Maxwell at Marischal College, only to 
have them repeatedly returned with the legend “Not 
known” 

Aberdeen’s tendency to forget Maxwell persisted into 
the 1930’s In the brochure produced for the 1934 
meeting of the British Association in Aberdeen, his name 
will not be found among the hist of physicists who have 
been connected with the Umversity of Aberdeen This 
forgetfulness, since happily corrected, stood i contrast 
to the attitude towards Kelvin ın Glasgow, where Prof 

* Substance of an Evening Discourse delivered on September 2 at the 
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Aberdeen 


Dee found on his arrival ın the Department of Natural 
Philosophy there in 1945 all kinds of Kelvin relies, 
including a museum display case full of broken glass 
reverently labelled ‘“‘Glass broken by Lord Kelvin in an 
attempt to make a vacuum” 


Lyon Playfair 


Our attitude towards the great figures of the British 
Association of the nmeteenth century should properly he 
between these extremes We do not need to remark 
every triviality of their everyday hves, but we have 
every reason to remember with pride and admuration the 
greatness of their achievements I wish to recall that 
among the most mteresting of all the distinguished mon 
at the 1859 meeting was Lyon Playfair who, at the age 
of forty-one, was then for the second time the president 
of the Chemistry Section, and who was to be president 
of the Association when ıt next visited Aberdeen in 1885 
In his presidential address, Playfair spoke on “Science 
and the State’, and what I propose to do ıs to see what 
progress we have since made along the far-seemg lines 
that he laid down, and to look at some of the new problems 
that have in the meantime appeared 

At the time of his address, Playfair had given nearly 
fifty years of service both to science and the State, and 
had thus acquired experience that even now 1s without 
parallel He had been a friend and advise: of the Prmce 
Consort smee the time of the 1851 Exhibition, and ıt was 
natural that he should turn for his theme to the Prince’s 
own address, from which he took as text “We may be 
justified ın hoping that the Lepislature and the State 
will more and more recognize the claims of Science to 
therr attention, so that ıt may no longer require the 
begging-box, but speak to the State hke a, favoured child 
to 1ts parent, sure of his paternal sohertude for its welfare; 
that the State will recognize in Science one of its elements 
of strength and prosperity, to foster which the clearest 
dictates of self-mterest demand’, 


Science and Education 


Playfair started by pomting, as he had so often done 
before, and as so many of us have done since, to the fact 
that other countries appeared to value science and educa- 
tion more than Brita did Especially he mentioned the 
United States, which had reserved “large tracts of 1ts 
national lands for the promotion of scientific education,” 
This was the origin of the ‘land-grant colleges’, less- 
respectfully called the ‘cow colleges’, which developed 
into the present State universities that are an important 
feature of the American educational system Playfair 
cited with approbation the wisdom of Washington’s 
farewell address to his countrymen “Promote as an 
object of primary importance imstitutions for the general 
diffusion of knowledge In proportion as the structure 
of a government gives force to public opmuion, 1b 1s essential 
that public opimon should be enlightened” 

Playfair devoted much of his address to the part that 
science should play ın education, underlming the con- 
clusion? of the Duke of Devonshire’s Commission on 
Scientific Instruction in 1873 ‘“‘Considermg the increasing 
importance of science to the material mterests of this 
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country, we cannot but regaid its almost total exclusion 
from the trammg of the upper and middle classes as 
little less than a national misfortune” 

The setting-up of that particular commission had, 
incidentally, been very largely due to Playfair and a body 
of like-minded men m the British Association and in the 
Society of Arts Most of these men are more famuliar to 
us to-day than Playfair is Huxley, Kelvin, Ruskin, 
Herbert Spencer, and Matthew Arnold But there was 
one even more forgotten than Playfair, and so perhaps I 
may be permitted to mention him especially He was 
Colonel Alexander Strange, a survey officer of the Royal 
Engineers, who had read a paper before the 1868 meeting 
of the British Association, “On the Necessity for State 
Intervention to secure the Progress of Physical Science”’ 
Strange developed his ideas further in a lecture to the 
Royal United Services Institution m 1871 I quote his 
far-seomg words’, as a tribute to an almost forgotten 
officer who saw far more clearly what his country needed 
than did the lobbies of the Houses of Parlament or the 
common-rooms of Oxford and Cambridge 

“The duty of the government with respect to science 
is one of the questions of the day No question of equal 
importance has, perhaps, been more carelessly considered 
and more heedlessly postponed than this And, now 
that a hearmg has been obtamed for 1t, neither the 
governing class nor the masses are qualified to discuss it 
intelligently, the governing class, because 1t 18 for the 
most part composed of men m whose education, as even 
the highest education was conducted 30 to 50 years ago, 
science occupied an insignificant place, and the masses, 
because they may be taken to be virtually destitute of 
scientific knowledge Those who wield, and those who 
confer, the powers of government bemg alike incapable 
of dealing with this question, 1t devolves on another 
section of the community to urge its claims to attention 

I must guard myself against the supposition that the 
proposal I have here advocated comprises all that 1s 
necessary for the efficient admimstration of scientific 
State affairs It is only one part of a great system that 
has to be created Other parts of the system will, no 
doubt, recerve due attention from the Royal Commussion 
now considering them But there ıs one part so important 
that I feel called on to name 1t—I mean the appointment 
of a Minister of Science He need not necessarily be 
exclusively devoted to science, he might perhaps, with 
advantage, have charge of education and fine arts also, 
but some one m Parliament, directly representmg the 
scientific branches of the national services, has become 
absolutely indispensable Another urgent want which, as 
its scientific character 1s not purely physical, will probably 
not be dealt with by the Royal Commission on Science, 
is that of a high war council—a council of naval and 
military officers of the greatest professional attamments 
and distinction, constituted for the purpose of advising 
the government on the highest problems of strategical 
science At present we have not a vestige of anythmg 
of the kind, and are consequently, as a military nation, 
almost destitute of the basis of the military art 

“When we have all scientific national mstitutions 
under one Minister: of State, advised by a permanent, 
independent, and highly qualified consultative body, 
when we have a similar’ body to advise the Ministers of 
War and Marine in strategical science, then the fact that, 
in accordance with our marvellous constitution, these 
ministers must almost necessarily be men without preten- 
sion to a knowledge of the affairs which they admmuster 
need cause us no alarm When these combinations have 
been, as they assuredly will be, sooner or later, effected, 
the wealth, resources, and mtelliigence of the nation, 
having due scope, will render us unapproachable in the 
arts of peace, and unconquerable in war, but not till then ” 

Extraordinarily far-sighted though this was, and even 
though the Royal Commussion of 1871 fully supported 
the statements of Playfair and Strange, sufficient notice 
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was still taken by the. educational public Another 
Royal Commission, this tıme on Technical Instruction, 
was instituted ın 1881, and reported in 1884. It warned 
that although Britain was still in advance as an industrial 
nation, other countries would soon pass ıb unless there was 
mcreased attention to science in public education In the 
first part of his address, Playfair elaborated on this prog- 
nosis, particularly ın respect of secondary education. The 
working classes, he said, were now receiving better 
instruction ın science than the middle classes Thuis 
curious result may have been due in part to a working- 
class demand to know something of the principles behind 
the machines that they were called on to operate, this 
demand had already led to the estabhshment of more 
than five hundred Mechanics’ Institutes ın the first half 
ofthe century The other main factor was very probably 
an unfortunate legacy of Thomas Arnold, the great 
headmaster of Rugby 


VoL. 200 


Science and the Schools 


Physical science was, in Arnold’s opimon: “too great 
a subject to be studied ‘év xapépy@’ and ıb must either 
occupy the chief place in the school curriculum or be left 
out altogether’* “Rather than have physical science the 
principal thing in my son’s mind’, he said, “I would 
gladly have him thmk that the sun went round the 
earth, and that the stars were so many spangles set in 
the bright blue firmament. Surely the one thing needful 
for a Christian and an Enghshman to study is Christian 
and moral and political philosophy.” And as regards 
what his curriculum should be “The study of language 
seems to me as if ıb was given for the very purpose of 
forming the human mind in youth, and the Greek and 
Latin languages seem to be the very instruments by which 
this ıs to be effected”? At that pomt English education 
took an unfortunate turning, but I cannot help wondermg 
whether Thomas Arnold would have been as rigid as 
many of his followers in resisting the change to a curri- 
culum in which science was fairly represented 

Playfair and his alles, notably Huxley, fought for a 
complete revision of the secondary-school curriculum. 
Especially he attacked xn his address the large proportion 
of the tıme devoted to classical studies; typically, 12-16 
hours a week were given to the classics, and 2—3 hours to 
science He cited Milton, Montaigne, Cowley, and Locke 
as earlier partakers in the assault on classical education 
although, he said, he recommended milder measures than 
that of the Emperor of China, Chi Hwangti, who, knowimg 
that his country was held back by undue devotion to the 
classics of Confucius and Mencius, mvited five hundred 
teachers to bring their copies of these authors to a banquet 
in Peking, and then buried the teachers alive with ther 
manuscripts in a great pit 

In answer to the critics who had claimed that the boys 
who had been through a classical education were better 
than those who had studied science, Playfair retorted by 
pointing to a selection factor that 1s still familar to us 
to-day: “The comparative failure of the modern side of 
school education arises from constituting ıb out of boys 
who are looked on as classical asses” He blamed such 
influences as the Cıvıl Service examinations, with their 
biased marking ın favour of the classics, for the reluctance 
of the schools to change the weighting of their curricula 

Much of the bias has now, of course, been swept away 
Physics has, I beleve, been for some years the commonest 
subject taken at the Advanced Level of the Certificate of 
Education But the bias persisted for nearly a century 
after ıt should have disappeared, despite the points so 
telingly made against 1t by Playfair and we still see 
vestiges of 1ts survival—there ıs no paper on science mn 
the Common Entrance Examination to Pubhe Schools, 
although there 1s a compulsory paper in Latin and an 
optional one in Latin verse We can still feelingly echo 
Playfair’s apothegm “The flowers of hterature should 
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be cultivated and gathered, though ıt 18 not wise to send 
men into our fields of industry to gather the harvest when 
they have been taught only to cull the poppies and to 
push aside the wheat” 

It would be both tempting and profitable to examime 
in more detail the progress of the teaching of science in 
the schools since Playfair’s day Genuine efforts were 
made in the nineteenth century, even in the primary 
schools some of my earliest awakening in science came 
from my mother, who had learnt of such things as the 
properties of mercury and the characteristics of nitrogenous 
foods m a London elementary school before 1900 To-day, 
we are trying more than ever to teach science attractively 
in the schools, and we should remember especially the 
support bemg given for this development hy the Nuffield 
Foundation and by industry 
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Science and the Universities 


Playfair was scarcely less critical of the universities 
than he had been of the schools, although he commended 
them for not being so slow in changimg their traditions, 
end for encouraging physical science That he knew 
them well ıs obvious from the shrewdness of his 
observation 

“You must not judge of other universities by Oxford 
and Cambridge for they are exceptional The old English 
universities have not the same function as the Scotch and 
Irish universities The former teach men how to spend a 
thousand a year, while the latter mm at showing men 
how to make a thousand a year ”’ 

He compared the paucity of Government support for 
universities In Britain with the lberahty of the French, 
German, Swiss and Dutch Governments towards ther 
universities Indeed, he said, by a special clause m the 
Scottish Universities Bul, the Government had asked 
Parhament to declare that in no circumstances should 
the Parlamentary grant ever exceed £40,000 ‘“‘According 
to the views of the British Treasury,” he said, “‘there 1s 
a finality ın science and in expanding knowledge ” 

Things have, of course, changed a good deal since, and 
we are now being almost saturated with discussions of 
the extent to which Government support for higher 
education should go, and of the proportion of the nation’s 
youth which should be given a university education We 
are awaiting the report of Lord Robbins’s Commiuttee, 
and I do not wish at this stage to become immersed ın 
statistical estamates There are, however, factors with 
which I have recently had much to do, notably in the 
deliberations of a Commuttee of the Institute of Physics 
and the Physical Society on some of the problems facing 
university physics departments in the current expansion 
programme This Committee has just reported’, and 
among the many factors to which ıt directs attention 
there 1s one that I would single out as especially relevant 
to Playfair’s views on science and the State 


Universities and Research Establishments 


I would first go back to Strange’s 1868 paper to the 
Association In that paper’, he had proposed “that there 
should be established a system of national institutions for 
the sole purpose of advancing science by practical research, 
quite apart from teaching t° Strange’s proposal was 
afterwards supported by the Royal Commussion on 
Scientific Instruction. and Playfair alluded to ıb in his 
address 

“Such laboratories supported by public money, are as 
legitimate subjects for expenditure as galleries for pictures 
or sculpture, but I think that they would not be success- 
ful, and would injure science if they failed It would be 
safer in the meantime 1f the State assisted universities or 
well-established colleges to found laboratories of research 
under thorr own care Even such a proposal shocks our 
Chancellor of the Exchequer The widening of the 
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bounds of knowledge, literary or scientific, 18 the crowning 
glory of university life Germany unites the functions 
of teaching and research in the universities, while France 
keeps them in separate institutions. The former system 
is best adapted to our habits, but 1ts condition for success 
1s that our science chairs should be greatly mcreased so 
that teachers should not be wholly absorbed ın the duties 
of instruction ”’ - 

Strange and Playfair thus held rather differmg ideas 
on where research should be concentrated They were 
expressing, ın fact, the two sides of an argument that 
hes at the base of one of our difficulties in physical science 
in modern Britam The difficulty has arisen because of an 
intense interaction between science and the State, brought 
about by the very dependence of our national survival 
on our technological achievement that Playfair and 
Strange had both foreseen 

It may be vital for us to realize what the difficulty 1s— 
so let us look at what happened There were, of course, 
& few Government scientific mstitutions before the time 
of Playfair and Strange, the Royal Observatory at 
Greenwich being a distinguished example There were 
also, of course, universities; and despite a contrary 
argument by Cardinal Newman’, Playfair held that most 
of the important British discoveries in science had been 
made by men who were also teachers As twin results 
of the efforts of the 1870’s and 1880’s, new umiversities 
were started, and new Government laboratorios began 
to appear The most notable of the latter was the 
National Physical Laboratory, which opened in 1900 
Once again, this was in part due to the belated followmg 
of a foreign example, this time that of Germany, where 
the Physikalisch-Technische Reichsanstalt had been 
founded in the 1880’s, but much of the stimulus for the 
new laboratory came from the British Association, where 
Sir Oliver Lodge devoted his presidential address to 
Section A in 1891 to a strong plea for a “Physical Labora- 
tory precisely comparable to Greenwich Observatory 
[where] accuracy should be the one great end” 


Science and the First World War 


The National Physical Laboratory succeeded, and 
various other Government laboratories were started, but 
the First World War rovealed our national weaknesses 
resulting from an madequate awareness of the value of 
natural science Disquiet among men of science had 
been simmering for many years After Playfair’s death 
the struggle was carried on, notably under the leadership 
of Lockyer, whose presidential address to the British 
Association ın 1903 was instrumental in gettimg the 
State grant to universities raised from £40,000 ın 1902 
to £115,000 ın 1906 But these were small figures along- 
side the £500,000 or so provided by the German State 
for 1t8 universities® Indignation became so great that 
on May 3, 1916, a conference was held under the char- 
manship of Lord Rayleigh in the rooms of the Linnean 
Society, followmg the publication of a memorandum ın 
The Tomes of February 2, 1916, signed by 36 of our most 
distinguished scientists The meeting was attended by 
about one hundred and fifty supporters of the memoran- 
dum; and some further supporters were unable to pack 
into the hall They deplored the fact?® that Britain had 
“suffered checks since the War began, due directly as 
well as indirectly to a lack of knowledge on the part of 
our legislators and admmustrative officials of what 1s 
called ‘science’ or ‘physical science’ °, and they pomted 
out that “In the whole history of British Governments 
there has only been one Cabinet Mimster who was a 
tramed professional man of science—the late Lord 
Playfair’? There were not only men of science supporting 
the memorandum—to their shming credit, 1t 1s worth 
mentioning that among those who spoke in. strong support 
were Dr Robert Bridges, the poet laureate, Dr Macan, 
Master of University College, Oxford, Dr Farnell, Rector 
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of Exeter College, Dr Strong., Dean of Chust Church, 
Dr Shipley, Master of Christ’s College, Cambridge, and 
Mr Nowell Smith, the headmaster of Sherborne School 
Dr Gow, the headmaster of Westminster School, was 
also to have spoken, but such was the ciowd in the 
meeting that he was unable to get in These gentlemen 
were in the main classical scholars, and we should 
remember them with gratitude alongside Dr Jowett 
who, as Master of Balliol in an carher day, had tried 
agaist the general run of his fellows to further the cause 
of science in Oxford 

I am not sure of exactly what influence this conference 
had on Government policy A Commuttee of the Privy 
Council for Scientific and Industrial Research had been 
formed in July 1915 with an advisory council, but 
things were evidently not moving fast enough for two 
members of this council, Lord Rayleigh and Sir Charles 
Parsons, who were among the signatories of the 1916 
protest Many influences, of course, were at work The 
extension of warfare to submarine and aerial operations 
demanded that scientists be enlisted in support, and new 
Government establishments began to grow rapidly The 
Royal Arreraft Establishment at Farnborough, for 
example, gathered an absolutely brilliant collection of 
men of science to work on problems of flight, and another 
distinguished group worked with the Royal Navy on 
the detection of submaimes On the civil side, several 
research associations came into being 


The Inter-War Period 


The lessons of the First World War m science, as m 
international affans, were only partly learnt Despite 
various official enquiries, and the formation of the 
University Grants Committee in 1919, the universities 
were inadequately supported im science, and the Govern- 
ment establishments became retarded through. ‘red tape’ 
and parsimony On balance, ıf one wanted to do research, 
the universities even with thew drawbacks were much 
more attractive than the establishments In general, 
the latter were allowed only to undertake research of a 
specifically appled nature, and the universities were 
almost the only places where pure research could be 
pursued A university man’s research would mevitably 
be held up by lack of funds for apparatus and technical 
support, and by his teaching duties, but so was that of 
nearly everyone else working ın the same field, because 
they too were working in universities with sımilar hand- 
caps Thus, one’s chance of discovering an interesting 
result was no less than anybody else’s, and so there was 
little temptation for staff to leave the universities 


Effect of the Second World War 


The experience of the Second World War brought home 
to Britain the lessons so imperfectly learnt durmg 1914~18 
Above everything else, the outcome of the Battle of 
Britain had depended jointly on the devotion of the 
Royal Air Force and on the imagination of a small band 
of scientists and engineers This was a lesson that no 
post-war Government could ignore, and there were plenty 
of other examples to re-inforce ıt by the tıme the War 
ended, culminating in the release of nuclear energy 
Now these results had largely been achieved by bringing 
in scientists from the universities, and seconding them to 
Government establishments When the War ended, 
some of these men, perhaps the majority, returned to the 
universities, but the Government learning from pre-war 
mustakes, now made its own establishments much more 
attractive Salaries were made higher than those im the 
universities, technical assistance was on a much more 
generous scale, as was also the provision of equipment 
Some of the differences were defensible matters of 
national defence could not afford to be handicapped in 
the way that university research was It should have 
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been equally obvious that university 1esearch should be 
freed from the handicaps of the past But since the 
Government scientific orgamzations were admunistra- 
tively nearer to the seat of power, then claims were more 
clearly heard by the Treasury So the worker in a 
Government establishment was often able to devote 
more of his time to research than was his university 
counterpart and since ıt had been argued, very reason- 
ably, that the pre-war establishments had been rather 
dull places because they had little contact with pure 
research, the better post-war establishments were 
encouraged to allow a pioportion of their staff to spend 
much of their time on pure reseaich Thus, in some 
instances, the Government estabhshments have been able 
to offer keen research workers better facilities, higher 
salaries, and a greater proportion of time for pure research 
than they would find in a university These observations 
apply particularly to physics, because this branch of 
science has been involved more than any other in matters 
of national defence in the past thirty years, but the same 
thing could happen to any branch of science which should 
begin to produce results recognized as essential to national 
survival 

Now all this would not matter so much if we were 
producing enough able physicists (or mathematicians or 
engineers) to be able to man both the Government 
establishments and the umiversities When to these 
requirements we add those of industry and school- 
teaching, we find that there are not enough physicists to 
go round 
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Science and Industry 


Playfair rated dustry at its true value to Britain 
“It may be’, he said, “that the engmes of Watt and 
Stephenson will yield ın their turn to more economical 
motors, still they have already expanded the wealth, 
resources, and even the territories of England, more than 
all the battles fought by her soldiers, or all the treaties 
negotiated by her diplomatists ” He speculated on the 
time when coal might be exhausted in England “It 
may be that the supply of petroleum from America or 
the borders of the Caspian Sea, will be so easy and cheap 
that the increased technical education of our operatives 
may largely overbalance the disadvantages of mcreased 
cost in fuel’? This was a courageous forecast at a time 
when oul engines were barely practicable, and when coal 
was the base for England’s greatness 

Playfair saw more clearly than most of his contem- 
porazies that the British Empire might be a transient 
organization, and that the possession of colonies producing 
cheap supples of raw materials and providing casy 
markets for our manufacturers might lull us into doing 
too httle about technical education and industrial develop- 
ment We now all realize that he was right, and neither 
Government establishments nor universities can suivive 
healthily, unless industry earns enough abroad to provide 
the necessary money It is therefore essential that 
industry should use science to the utmost, and that the 
universities and colleges should provide the scientists and 
technologists that industry needs Here, incidentally, ıt 
is interesting once again to see Playfair hitting the 
target “But while England has never lacked leaders in 
science, they have too few followers to risk a rapid march 
We might create an army to support our leaders m 
science, as Germany has done, and France 1s now doing, 
if education m this country would only mould itself to a 
scientific age’? It has recently been encouragmg to read. 
the report of a Working Party of the Federation of 
British Industries!!, entitled Cwl Research Polecy and 
published in June, 1963, which shows that the Federation 
is now very much aware of the need for scientific support 
in the universities, the Government establishments, and 
the research associations It calls for proper co-ordination 
of the overall effort 
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Demands on Universities 
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A simuar call has come from the Institute of Physics 
and the Physical Society, who deemed it important to 
assess the prospective demands on university physics 
departments ın the expansion, in the light of adverse 
factors such as the drift of staff to Government estab- 
lshments and to the United States, and to see whether 
the demands could be met 

In the past twenty years, the position of university 
physics departments has been getting more difficult 
partly because the teaching load on members of staff has 
gone up, and partly because the attractions of non- 
university laboratories have increased As regards the 
teaching load, the staff/student ratio in science as a 
whole was rather better than 1/8 in 1939, and worsened. 
to rather less than 1/10 1m 1960, according to the University 
Grants Commuttee!* In physics m 1960 the ratio was 
substantially worse than the average for science, bemg 
less than 1/14 While no one can dogmatize about the 
optimum value of the staff/student ratio, 1t 1s clear from 
the experience of our universities in the past ten years 
or so that the ratio has fallen too low, judged by the 
sumple but vital criterion of whether the staff find con- 
ditions sufficiently attiactive to reman. m the universities 
These conditions could be even less attractive in the 
‘broiler universities’ that could result from an uncontrolled 
attempt to produce university graduates in bulk each 
with as little flavour as the ‘broiler chicken’ and supor- 
market meat that now assault our palates It may bo 
that such devices as teaching machimes and other new 
methods of imparting knowledge may ultimately result 
ın some economy in staff But this prospect, for the 
advanced, subjects at least, 1s some way off, and even 
in the United States, which we might expect to be ahead 
of us ın this respect, the staff/student ratio does not 
appear to be always more economical than our own, at 
Pimeeton, for example, the ratio ıs umpressively better 
than the British avorage, being about 1 staff to 6 under- 
graduates 

Taking all these factors and others mto account, the 
Institute of Physics report shows that whereas the 
universities have annually reciuited over the past few 
years a number of physicists equal to about 20 per cent 
of the national output of Ph Ds in physics, they will 
need to recruit about 40 per cent of the annual output 
over the next few years, if they are to 1aise the staff/ 
student ratio to the level where staff will stay ın the 
universities and to meet the demands for physics teaching 
in the expansion of the universities planned by the 
University Giants Committee Even though this expan- 
sion, from 111,000 students m 1961 to 150,000 by 1967, 
may be thought by many to be too small, the opinion 
of a highly representative body of physicists is that ıt 
demands the absorption of nearly half of our Ph D 
output over the next few years The conclusion is 
important, since it results from what may be the only 
survey of the national situation in any of the key subjects, 
and ıt shows the large scale of effort required 


Loss to the United States 


The position would not be quite so difficult if Britain 
did not lose an appreciable fraction of her best science 
graduates to the United States Thirteen per cent of 
British Ph Ds emigrate permanently, while a simular 
additional numbér go to the United States temporarily 
for post-doctoral work This year, as an external 
examuner at one of our universities, I set an essay question. 
m the final honours exammation, asking the students 
what they thought about this matter Their views are 
more important than those of us who are older, because 
1t 18 primarily the loss of our young research workers 
that-1s most serious They did not put pay and standard 
of living as the paramount attraction It was, of course, 
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important, but thei main ieasons were the greater 
liveliness in the United States and the greater public 
regard for scientists These are not new arguments 
but the spontaneity and vigour with which the students 
spoke might have convinced even the Minister for Science 
that emigration had nothing to do with faults ın the 
American system of education 


Teaching and Research 


The staff of our expanded universities would not, we 
hope, be devoting'their entire efforts to teaching Indeed. 
the underlying assumption is that they would have 
sufficient time to undertake enough research to ensure 
that their teaching was infused with the spirit of a living 
subject, and that sufficient research should be going on 
to make the universities attractrve to research workers 
I just do not believe that teachmg at the honours-level 
can survive without contact with research ‘There are. 
indeed, some devoted teachers who succeed in inspiring 
thar pupils without undertaking any 1esearch them- 
selves, but the numbers of such teachers are in any 
event too small to undertake more than a fraction of the 
teaching Much of the teaching must therefore be done 
by men who want also to cany out research, and I 
beleve ıt good that this should be so 

The question then arises Smee the expansion of 
university teaching must make such demands on the 
hmuted numbers of research-tramed graduates, how can 
Britain most effectively use these limited numbers so 
that their full potential can be realized both in teaching 
and m research? Here we face a difficulty which by an 
accident of recent history ıs greater in Biitain than in 
the United States Whereas the Government establish- 
ments have much increased in stiength in Britain relative 
to the universities, the opposite has happened in America 
The accident was that Britain foresaw the Second World 
War just ın time to enlist science in support of air defence 
and to recruit scientists to the Government establishments 
In the United States, far less preparation was undertaken, 
and the devices that Sir Henry Tizaid’s mission took to 
the United States m 1940 were such a surprise that the 
American authorities decided that the quickest way of 
exploiting them ın the emergency was to set up teams 
in the universities rather than wait to buld up Govern- 
ment estabhshments The Radiation Laboratory at the 
Massachusetts Institute of Technology was an outstanding 
example, 1ts Biitish forerunner, by contrast, was the 
Telecommunications Research Establishment, a Govern- 
ment establishment The legacy of this accident is that 
in the United States the universities are now strong, the 
Government establishments relatively weak In 1960 the 
position was surveyed by a Presidential committee” 
which thoroughly endorsed the practice of getting the 
universities to undertake a great proportion of the 
national research, even that of a defence natuie, on the 
grounds that, as President Exsenhower himself said 
“The process of basic scientific research and the process 
of maduate education in universities must be viewed as 
an integrated task if the nation 1s to produce the research 
results and the new scientists that will maimtam the 
leadership of American science” 

In Britain, the Government establishments a1 e separated 
fiom the universities, and such different conditions have 
been created in them that the interchange of staff 1s very 
restricted the establishments play very little part m 
teaching the new generation of students This 1s despite 
the fact that, owing to smaller numbers in Britain, 1b 1s 
necessary to be even more careful than are the Americans 
to husband British scientific potential, both for research 
and for teaching Britan just cannot afford to let this 
present dichotomy continue It ıs just as important to 
realize the teaching potential locked up in the Government 
establishments as ıt 1s to realize the research potential of 
the universities This 1s not a problem to be solved 
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piecemeal It needs to be tackled on a national basis, 
and a better balance sought not only between universities 
and Government establishments, but also between 
these and the requirements of industry, the technical col- 
leges and the schools This 1s one of the most umportant 
problems confrontmg both science and the State in modern 
Britam Unless ıt 18 solved, no substantial expansion 
can take place, paradoxically, in any subject where there 
is an acute national terest and since this now involves 
the very science subjects which are the educational bases 
of all the others, the whole of the proposed expansion m 
science is threatened 


Science and Defence 


The last part of Playfair’s address dealt with the theme 
that the flourishing of abstract science 18 the condition 
for progress He had been discussing, he said, the relations 
of science to the public weal, adding “That ıs a very 
old subject to select for the year 1885” Yet we can 
to-day recognize that ıb is still worth looking at what he 
said, partly in admiration of his foresight and partly in 
regret that the lessons that he preached have stall not been 
entirely learnt 

If we look cuitically at his address, 16 was 30 compro- 
hensive that we are challenged to ask the question 
‘What did he leave out?’ For myself, there are two 
subjects on which I should like to have heard him speak 
One 1s that on which a formor president of the British 
Association, Sir Henry Tizard, spoke at the Royal United 
Services Institution in 1946 This'4 was “Science and 
the Services” Playfair did not ignore this subject 
through any question of conscience In the Crimean 
War he had invented a cipher that bears his name, and 
he had submitted imventions for meendiary shells and 
poison-gas shells These were turned down, the latter 
being rejected on the grounds that they wouid not be a 
legitimate method of warfare “Why”, he wrote! in 
his Memos, “a poisonous vapour which would kill men 
without suffering is to be considered wWlegitimate warfare 
18 incomprehensible War is destruction, and the more 
destructive ıt can be made with the least suffermg the 
sooner will be ended that barbarous method of protecting 
national rights ” 

This observation shows that Playfair would have been 
involved in matters of national defence, had they arisen 
in his time, and that the omission of them from his 
address was probably due to their comparative unimpor- 
tance ın the 1880’s Yet, as has been seen, some of the 
drive for science came in fact from the military side As 
far back as the Renaissance, some of the interest in. 
dynamics sprang from the new problems in ballistics 
arising from the invention of the cannon In the nine- 
teenth century, Strange’s efforts for science were as much 
devoted to the military applications as they were to the 
civil and, m the event, 1t was much more the demands 
of the two World Wars than anythmg else that brought 
about the advancement of science in the public oye 
This 1s to be regretted, since the greatness of science hes 
im its constructive achievements, both intellectual and 
material, and not m its destructive applications It 15, 
therefore, an unhappy reflexion that 1t should have taken 
two vicious wars, rather than the skilled advocacy of 
men lke Playfair, to brmg home to mankind the power 
of science But, accepting the facts as they are, we must 
congratulate ourselves in Britam that the partnership 
between science and the Services has been such a cordial 
one in the past thirty years To quote! from Sir Henry 
Tizard 

‘The first time, I believe, that scientists were ever 
called in to study the needs of the Services, as distinct 
from their wants, was m 1935 and then only as a last 
resort, The Air Staff were convinced of the inadequacy 
of existing methods and equipment to defeat air attack 
on Great Britain, and a committee was established for 
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the scientific survey of air defence I want to emphasize 
that this commuttee, although ıt consisted on paper only 
of scientists, was in fact from the first a commuttee of 
scientists and serving officers, working together 

“When I went to Washington in 1940 I found that 
radar had been mdependently mvented m America 
about the same time as 1t had been invented in England 
We were, however, a very long way ahead in its practical 
applications to war The reason for this was that scien- 
tists and serving officers had combined before the War to 
study its tactical uses This 1s the great lesson of the 
last war ” 

Sir Henry concluded ‘What is needed is a scientific 
staff attached to the central Chiefs of Staff organization 
that will have no executive duties, nor be overburdened 
by administration, but will devote its whole tıme to the 
study of the mfluence of advancing scientific knowledge 
on the problems of defence ”’ 

Such an organization as Sır Henry wanted to see is at 
last coming about The recent White Paper on Central 
Orgamzation for Defence (Cmnd 2097 HMSO, July 
1963) [see Nature, 199, 1021; 1963] much mcreases the 
strength of the Chief Scientific Adviser, and places him 
on the Defence Council alongside the Chiefs of Staff of 
the three Services By a wiso arrangement the three 
Services will keep enough of thew individualities and 
traditions to preserve the loyalties which we know 
from experience to have contributed so much m emergen- 
cies to their fighting spirit At the same time, the merging 
at the higher levels should make for more national and 
economic planning ‘This had to come, as the Services 
became more interdependent, and jomtly more dependent 
on the limited resources of science and technology It 
is thus the growth of science and technology that has 
been one of the main factors responsible for umfying 
British Defence Services, and lowering the barriers between 
them We hope that this same growth may ultimately 
lower the barriers between nations, so that international 
relations proceed on a basis of respect by each nation 
for the constructive achievements of the others 


Science and Government 


Allis not yet well, even with the national organization 
of science in Britain Attempts are now bemg made to 
improve this organization, but they have to face difficulties 
that would not have existed had organization m Britain 
been planned at the time when Playfair and Strange 
were pressing 1t Instead of having a coherent organiza- 
tion, we have to assimulate various pieces of independent 
organization which have grown up, not altogether 
logically, through the absence of a basic plan If we 
take cıvıl research in electronics, for example we find 
that responsibility is uneasily divided between the 
Department of Scientific and Industrial Research and the 
Ministry of Aviation, while m the important field of 
computers the Board of Trade has formal responsibility 
While the Admiralty has 1ts own research establishments, 
such as the Admiralty Research Laboratory, the Royal 
Air Force has 1ts research done for ıt by the Muustry of 
Aviation, which 1s also responsible for civil aviation 
These asymmetries and anomalies arise because individual 
Ministries were forced to start research projects for 
themselves because of the absence of a national plan 
I am certainly not recommending a single elephantine 
organization for research, since there are many dangers 
to such a course; but much rationalization of our present 
arrangements needs to be made, and the very strength 
of some of the individual growths may be resistant to 
change, however desirable such change may be It was 
for Britain, I think, a fortunate source of weakness to 
Germany in the Second World War that so many clandes- 
tine military research centres were set up before German 
rearmament could come out into the open By the time 
this occurred many of the dividual centres were just 
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too strong and independent to be amalgamated into a 
coherent organization, so that German research effort 
could never afterwards be economically directed We 
aie m danger of repeating this error in Britain, for entirely 
different reasons, and 1t will take strong leadership from 
the Ministry for Science 1f we are to avoid it 

Now all these considerations entail that good central 
planning and leadership are forthcoming, and that great 
1esponsibihty rests on a relatively small number of men 
I do not see how to avoid this, but I am not unduly 
frightened by ıt Even in limited fields of research, such 
as elementary particle physics or space investigations, 
expenditure on a single project may be so great as to 
make appreciable demands on the national exch equer, 
and so some degree of central foresight and control 1s 
required It is on this general matter of wisely making 
and implementing scientific policy that I should most 
like to have heard Playfair speak 

His experience of science and Government was quite 
unrivalled, in this century his mantle fell jomtly on 
Su Henry Tizard and Lord Cherwell Anyone who had 
the fortune to know them must be struck by the way 
that Playfair seems to have embodied the best points 
of them both In the past few years Sir Charles Snow 
has made the story of their differences an occasion for 
investigating the relations of science and Government 
Actually, their sumilarities were, from our point of view, 
much more significant than their differences, and, by 
the public service that they each unstintingly gave, they 
both stood for the better mcorporation of science and 
Government, and for the greater recognition of science n 
national life They were thus both in the Playfair 
tiadition I had the privilege of working with each of 
them, and from this experience, I venture to give my 
own thoughts on how decisions on scientific policy might 
best be taken, 

Many decisions are taken by open committees, and 
when time and security considerations allow, this 1s 4 
reasonable method, even though ıt sometimes produces a 
result less sensible than would have been arrived at by 
any single member of the committee The railway gauge 
of Theland, for example, seems to have been settled in 
this manner!*—the average of all other national gauges 
was taken, and the result was 5 ft 3ın the Irish thus 
had a new gauge, and their rolling stock was not inter- 
changeable with that of any other railway The common 
agreement necessary for members of a committee to 
come to a conclusion often does not go far enough, 
especially in those important decisions where an element 
of uncertamty and risk has to be accepted This ıs not 
always so, and we must remember with gratitude, for 
example, the courage shown by the Tizard Committee 
before the Second World War But I have seen many 
occasions when a committee has been wrong and an 
individual right, anyone who doubts this has only to 
1ead Chatham’s last speech on the American War of 
Independence So while I would accept the committee 
approach on as public a basis as possible, whenever ıb 18 
feasible, I am not certain that ıt ıs always the best 
approach 


The Scientist in Government 


These considerations are especially relevant to the 
process of incorporating scientific advice into national 
policy and executive decisions Sir Charles Snow’, 
speaking of Lord Cherwell’s work in the Second World 
War, says ‘We must never tolerate a scientific overlord 
agam”; but Sir Charles proposes no alternative My own 
view 18 that, high above the details of controversy, we 
should be grateful to Sir Winston Churchill for being the 
first British Prime Minister (if we except Peel, who used 
Playfaiw’s talent in investigating the Insh potato famine) 
to rate the contribution of science so highly that he 
insisted on having personal scientific advice at the highest 
level The fact is that, especially in matters of defence, 
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executive decisions have often to be taken by individuals 
If science 1s not organized so that some of our best-suited 
men of science are in key admmustrative positions m 
Government, then those policy decisions affecting science 
will be taken by non-scientific men who will at best base 
their judgments on how they have been convinced by 
particular scientists as individuals This 1s certamly not 
better than having scientific opmion imyected at the 
highest level by an able representative who 1s himself a 
man of science, and 1t could be a good deal worse It 
may be argued that this task would place great respon- 
sibility on the man of science who was selected and the 
field of science is certainly now so wide that no one man 
could cover it In his day, and indeed almost mght up 
to the present day, I would have had implicit trust in 
Lyon Playfair single-handed ın this task It would now 
require more than one man, but surely we are still great 
enough to produce men of the right calibre 

Even so, I would agree with Sir Charles Snow that 
there is danger in having any man of science m a position 
of isolated power But the danger really hes much 
more in the isolation than ın the power; and this obser- 
vation 1s not peculiar to science-—-1t1s general for all aspects 
of Government How then can we ensure that the 
individual does not become isolated? For myself, I 
should try to do this by providing a small forum for 
each of the principal scientific advisers to the Govern- 
ment, the forum would consist ın the main of other men. 
of science as nearly his equals as possible, chosen so that 
the membership covered in knowledge and experience 
the full range of his activities The forum should include 
some relatively young men, older men may be wiser, 
but their wisdom may well not be enough In the prob- 
lems that we now face, mmagination, energy, and working 
contact with the most modern technology are essential, 
in. these qualities youth has the advantage, and so the 
forum should be challenged and stimulated by the 
presence of some younger men in their thirties or even 
twenties If the adviser were as wise as he should be, 
he would consult the forum before taking any key decision, 
so that while the power to make the decision, or to frame 
the relevant advice to the Government, was his alone, 
he would take that decision only after having heard, the 
relevant arguments and he would have to have enough 
confidence ın his decision to be able to justify 16 in any 
subsequent face-to-face encounter with his forum. The 
justification would not be an inquisitorial matter, but 
would save the individual from the slow dnft away from 
the primary standards of scientific truth and morality 
that too easily attends the acquisition of unchallenged 
power Any man brought up in scientific method can 
scarcely help recognizing scientific truth, whatever the 
status of man statingit A suitable forum may therefore 
be the only sanction needed to keep the individual from 
abusing his power, beyond the sanctions already set by 
our form of Parliamentary Government I am not 
claiming, of course, to lay down a rigid procedure for the 
injection of scientific advice mto Government This 1s a 
relatively new problem, and none of us knows the full 
answer, 1f such an answer exists But I did myself use 
the procedure I advocate, in my own work in a limuted 
field durmg the Second World War, and ıt saved me 
from error on several occasions, without restricting my 
speed of operation, I would always use ıt again 

In this story of a few far-sighted men, the part 
of the British Association for the Advancement of 
Scienco has been an honourable one, imdeed, as 
the Prince Consort pomted out, one of its declared 
aims was “to obtain a more general attention to the 
objects of Science, and a removal of any disadvantages 
of a public kind which impede its progress’? This aim 
still exists, and I have therefore directed attention to 
some of the problems that remain These include the 
relationship between universities and Government estab- 
lishments and, more generally, the rational distribution 
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of scientific effort among the universities, establishments, 
colleges, schools and the vital fields of dustry in which 
we have to earn our national living The need to expand 
education in science and to reduce the loss to the United 
States are other parts of the same bedy of problems 

Finally, the method of myecting scientific consideration 
into matters of State requires most careful thought 

But ıt 18 gratifying to find that there ıs now a general 
appreciation at least of the existence of these problems 
and that, on this account, we may be reaching ‘“‘the end 
of the begining”. Although Britam, has thrown away 
the lead that men like Bacon and Playfair tried so hard 
to give her, I beheve that Britain still has the talent, the 
resilience, and the humamty to harmonize the relationship 
between science and the State This will be not only to 
ther mutual benefit, but also to the good of men as 
individuals the world over. 
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SOME ATTITUDES TO VEGETABLES, AND THEIR IMPLICATIONS 
By Dr. R HARPER 


Department of Psychology, University of Leeds 


T a tume when, for various reasons, so much emphasis 

is bemg placed on the mportance of foods ıb 18 sur- 
prising that so httle ‘cross-cultural’ mformation has been 
placed on record about attitudes to foods This article 
draws together available mformation from a number of 
different sources about attitudes to vegetables Vegetables 
aie of special interest because of the wide divergence in 
attatudes which are encountered. Several different 
methods of collectmg results have been used, mncluding 
simply counting the number of persons who dishke a 
particular item or express lack of familarity with it, or 
the analysis of views expressed by children about veget- 
ables m the course of a school essay, or—more recently— 
the use of a simple Hedonic Rating Scale, which gives some 
indication of the extent to which a particular item is 
liked or dishked The Hedonic Scale!, which has a long 
history behind ıt, 1s sumply a form of rating scale with the 
addition of a category of response ‘never tried’ to allow 
for this contingency The results of a number of different 
studies are compared, the potentialities of the Hedonic 
Scale as a device for routine surveys are considered along 
with the general implications of the data available from 
different sources 


Two Early Studies 


Hall and Hall? examined the attitudes of 700 American 
students in three different universities to some 150 food 
items Responses were restricted primarly to whether a 
particular item was dishked or unfamilar ` The followmg 
information refers to a selection of vegetables from the 
whole group of foods 


Percentage disliked Percentage unfamhar 
Parsnips 24 Leeks 65 
Egg-plant 22 Okra 51 
Hommy 20 Endive 43 
Turnrps 19 Chard 35 
Rutabagas 18 Lentils 31 


Rutabagas 29 


For comparison with later studies information about a 
particular group of five vegetables ıs also as follows 


Percentage dishked Percentage unfamiliar 
* 


Potatoes 14 

Cabbage 59 a 

Leeks 586 64 8 ‘never tried’ 
Spinach 82 * 

Asparagus 36 * 


(* denotes figures not available) 


Vegetables were somewhat arbitrarily divided into 
strong-juiced versus sweet-yuiced, but these two groups 
overlapped considerably m the extent to which they were 
dishked 

Some regional differences were noted, but sumularities 
between. different groups were more noticeable than were 
differences 50 per cent of the respondents referred to 
taste as the reason for not liking a particular food, and 
naturally some of the reasons given were highly personal 
Women were familar with more foods than men and had 
more aversions 

Le Gros Clark? examined The School Chiid’s Taste for 
Vegetables in war-time England by means of school essays 
on ‘The Vegetables we Eat”, written by some 432 children 
The teachers limited their mnfluence to writing a short list 
of vegetables on the board, including cabbage, sprouts, 
cauliflower, lettuce, turnips and carrots Table 1 gives a 
selection of the available data mcludmg both the number 
mentioning and the number dishking a particular vege- 
table 

Many of the children were indifferent to how potatoes 
were served As a rule, attitudes tended to be rather 
clearly defined (for or agaist a particular ıtem) rather 
than neutral Attitudes to green vegetables (cabbage, 
sprouts and cauliflower) were fairly umform, but there 
were some inconsistencies in the attitudes of particular 
individuals to the separate items m this group Over the 
limited age-range considered there were few trends with 
age The only marked exception agam concerned green 
vegetables in so far as there was a progressive reduction 
im. the percentage dishkmg them of some 25 per cent when 
the 10-ll-year-olds were compared with the 8-9-year-olds 
and a further 50 per cent reduction among the small 
number of 12-13-year-olds who took part m the study 
No smgle sensory feature ıs uniquely associated with 


October 5, 1963 


Table 1 ANALYSIS OF DATA FROM SCHOOL ESSAYS ON THE VEGETABLES 
WE Eat (after ref 3) 


No 4901 


(N) No Percentage 
mentioning actually 
(out of 482) dishkimg Comments 
Potatoes 388 Under 1 
ar ae He 8 40 liked them raw 
F ae 305 4 Many individual 
Canltower 362 24 inconsistencies 
Onions 262 21 
Leeks 86 51 
Marrow 236 61 
Turnips 270 60 
Parsnips 242 62 (81x persons 
expressed abhorrence 
— parsnips disliked 
ao 
r 
Swedes 220 63 EOR 
Broad Beans 142 34 


Haricot Beans 


116 20 
Runner Beans Generally favoured, with exeeptions 


Salad 
vegetables Generally favoured by about one-third of the children 
Spinach Referred to occasionally, but many describe ıt as being 


strong and bitter 


Note that m all instances where a percentage disliking 2s quoted, this 1s 
calculated in terms of the children who actually mentioned a particular 
item An unspecifiable adjustment would have to be made to get a better 
idea of the percentage of the total group who disliked a particular item 

* A personal observation about parsnips is relevant here As a child, 
patsnips stand out in my memory as having an unpleasant, bitter taste 
Nowadays, they taste rather sweet to me Whether I have changed, or 
whether the parsnips have changed cannot be resolved Of course if parsnips 
are stored too long starch turns to sugar anyway 


what 1s hked or dishked but there was a strong tendency 
for the children to dishke “shmy, mushy, stringy or 
slippery things”. Some bland tastes, especially when 
combmed with these rather distmetive and unpopular 
textures-—as ın the case of marrow—also seemed to cause 
difficulties. Many strong tastes also caused difficulties 
for some children, and idiosyncrasies were evident ın so 
far as a few children even developed a dishking for peas, 
and many children found lettuce bitter 


Use of the Hedonic Scale 


The two investigations outlined here did not mvolve a 
systematic attempt to determine the extent to which 
the various food items were liked or disliked, although 
some quahtative mformation naturally emerged from 
descriptions and comments Dove‘ was probably the 
first to mtroduce this more systematic approach and 
included a number of vegetables m his mvestigation 
He was concerned with “Appetite levels of food con- 
sumption. a technique for measuring foods in terms of 
ther psychological and nutritional values combmed”’ 
This title directs attention to one of the umplications of 
this whole series of studies m so far as vegetables (and 
other foods) which may be low in nutrients may be impor- 
tant sources of those nutrients 1f the foods concerned have 
a high appeal and are available and assımılated ın appre- 
ciable quantities 

(This observation may prove to be totally rrelevant m 
the context of an excess of attractive though undesirable 
foods ın conditions of affluence, but such an observation 
would be scarcely likely to apply to vegetables) In any 
event, some old people ın particular have been known 
to get their total vitamm C requirement from eating 
comparatively large amounts of potatoes—-about 250 g 
per day In Dove’s pioneer survey 129 mdrviduals ex- 
pressed their views about 228 food items including 63 
vegetables, using the following seven response categories 
never tried the food-——allergic to the food-——dishke the food 
—tolerate only when hungry——desired the food moderately 
well—considered the food good-——considered the food very 
good ‘Table 2 gives the frequency of responses to seven 
selected vegetables Results from three separate groups 
of respondents A, B and Č are meluded Dove has 
stressed the importance of the number of different ways 
of preparing various food items For example, he‘ refers 
to 99 ways of preparmg potatoes Even this famuliar 
vegetable may be obtamed in a number of different 
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varieties each with theu distinctive features and special 
appeal Different varieties may also serve different 
purposes For example, m the United Kingdom ıt has 
been said that the Majestic variety 1s particularly suitable 
for makmg chips, whereas for other purposes a floury 
potato 1s much preferred here, m contrast to a waxy 
type on the Contment of Europe (Strictly speaking, 
any statement of this type should be given a date to allow 
for changes in food habits) The floury Idaho potato 1s 
also very popular m restaurants m widely separated 
parts of the United States, but the fact remains that for 
the American Serviceman French fried potatoes (‘chips’ 
in Britain) are one of the most often and most strongly 
liked of all vegetables® Further attention will be directed 
later to the precise effects of different methods of prepar- 
ing the same vegetable or food The fact that the British 
and the Americans refer to different modes of preparation 
by the same word ‘chips’ directs attention to the uncer- 
tamties of simply presentmg a lst of names of food 
items This difficulty might well be overcome by the 
more time-consuming procedure of actual taste-testing 

but ıt would no longer be possible to evaluate 50-60 food 
items ın a single session. 


Table 2 DATA RELATING TO SELECTED VEGETABLES 
(after ref 4) 
Vegetable Group Gor VG Tolerate Dishke Never tried 

White 

potatoes A 84 3 0 0 

B 82 2 4 0 

C 95 0 0 0 

Tomatoes A 95 0 0 0 

B 92 4 0 0 

C 88 2 0 0 

Cabbage A 92 3 0 0 

B 74 2 4 0 

O 88 2 0 0 

Broccoli A 81 0 3 0 

B 42, 14 12 16 

C 60 3 8 8 

Turnips A 88 13 3 0 

B 60 6 & 4 

(6 54 17 0 0 

Kohlrabi A 22 14 5 51 

B 8 4 72 

C 15 13 5 45 

Collards A 0 0 0 95 

B 0 4 0 90 

($j 10 2 5 75 


o ited Percentages quoted do not add up to 100 Nos /Sex A 38F, B 50K 


Table 3 ORDER OF VITAMIN C CONCENTRATION IN A SELECTION OF VEGF 
TABLES AS COMPARED WITH ACTUAL CONTRIBUTION TO DIET, BASED ON 
AMOUNTS EATEN 
(after ref 4) 


Actual percentage 


Percentage contribution contribution from 


from 100 g named source 
Rank Rank 
Cabbage 143 1 an 3 
Collards 100 2 4 7 
Broccoli 93 3 18 4 
Kohlrabi 71 4 5 6 
Turnip 43 5 8 5 
Potato 40 6 87 1 
Tomato 39 7 23 2 


Note m particular that although potatoes and tomatoes are at the bottom 
of the list m terms of actual vitamin C content, as sources of vitamin C they 
are at the top of this list 


An Exploratory Investigation (United Kingdom, 1956) 


In 1956 a small pilot mvestigation was undertaken by a 
group of undergraduates to explore the potentialities of the 
Hedonic Scale and to provide some provisional information 
about attitudes to vegetables in the United Kingdom ` 
The scale used consisted of only five categories m addition 
to that of ‘never tried’ Fifty people of different ages, 
selected according to availabilty, gave their views on 
about 23 vegetables and a selection of the data is given 
m Table 4 

Although the number of respondents ıs too small to 
warrant the presentation of a detailed analysis some 
teresting conclusions emerged Without considering 
their statistical significance the followmg points may be 
noted 
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(1) Many vegetables, including peas, lettuce, brussels 
sprouts, carrots, potatoes and cabbage, gave no mdication 
at all of changes with age 

(2) Spmach also showed httle change with age, but m 
contrast to the more recent market research survey (see 
following) opmions about spmach were about equally 
divided and formed a bimodal distribution 

(3) With mereasmg age, respondents’ attitudes became 
more favourable to parsnips, broad beans and kale, and 
m the case of kale mcreasing age brought noticeably 
increasing famuharity. 

(4) Asparagus and artichokes show a simular increase in 
familiarity with mereasmg age, but m the case of artı- 
chokes, attitudes contmued to be fairly well divided, 
whereas among the over-srxties group no one said they 
disliked asparagus 


Table 4 SELECTED DATA FROM SMALL-SCALE Pitot STUDY 
U K , 1956—50 respondents) 


Take Neutral Dislike Never tried 
very moderate moderate very 

Tomatoes (raw) 62 26 2 4 6 0 
Potatoes 40 38 20 2 0 0 
Cabbege 36 32 14 14 4 o 
Brussels sprouts 50 28 4 10 4 4 
Parsnips 2 20 10 12 28 8 
Broceoli 14 20 4 6 8 24 
Kale 10 14 10 2 6 58 
Onions (boned) 44 14 14 8 12 8 
Leeks 24 24 10 8 16 18 
Spmash 10 22 2 12 28 26 
Articho kes 4 8 4 2 14 68 
Asparag us 16 18 4 4 10 44 
Corn on the cob 

Qnelud ed for 

compar ison) 6 4 8 6 4 72 


Quartermaster Food and Container Institute 


(1) Prelhamonary report (1953) The Hedonic Scale has 
now been in regular use by the Food Acceptance Branch 
of the (U S ) Quartermaster Food and Contamer Institute 
for the Armed Forces for at least ten years Some eight 
separate surveys have been carried out with samples of 
between, 3,000 and 6,000 in each investigation Methodo- 
logical investigations have been included, and these have 
dealt with such questions as the largest number of items 
which can reasonably be mcluded on a single occasion, 
how many categories of response should be permitted, 
what are the most appropriate verbal formulations of these 
categories A prelimmary report of the first few surveys 
was presented by Wood and Peryam? The number of 
food items on the forms was limited to 60 or less and a 
nmine-point scale covered the “Hedonic range’ from ‘lke 
extremely’ to ‘dishke extremely’, with the additional 
category ‘never tried’ ‘The main conclusions include the 
followmg 


(a) There was a marked degree of consistency between 
the different surveys For example, the ‘percentage 
dishked’ ranged from 2 8 to 4 4 for fresh sliced tomatoes, 
whereas buttered turnips ranged from 40 2 to 51 4, these 
closely grouped figures for each distinct 1tem point to the 
stability of the technique 


(b) A distinction was made between items with ‘good 
acceptance characteristics’ and those with ‘poor acceptance 
characteristics’ The ‘good’ group meluded foods which 
are dishked by less than 10 per cent of the respondents, 
the ‘poor’ group are disliked. by 40 per cent or more 


(c) Vegetables as a class were at the bottom of the lst 
m order of acceptabihty with only 15 per cent ‘good’ 
items and as many as 26 per cent ‘poor’ 1tems 


(d) There were 12 vegetables ın the ‘good’ groups and 
these consisted of only five different items prepared m 
different ways, that 1s tomatoes, potatoes, green peas, 
corn on the cob, green beans 


(e) Simularly, the 20 vegetables m the ‘poor’ or ‘problem 
group’ consisted of 11 different items prepared ın different 
ways These meluded squash, parsnips, brussels 
sprouts, egg-plant, broccoh, spinach, turmps, rutabagas, 
caulflower 
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(f) As a general rule, there was no uniformity of opmion 
about what is dishked, only about what is hked 


(2) Mam report (1960) The most extensive report on 
attitudes to foods 1s contained in the 160-page document 
prepared by Peryam et al € for the Quartermaster Food 
and Contaimer Institute for the Armed Forces m Chicago 
This report combined the results of eight different surveys 
carried out between 1950 and 1954 The number of food 
items im a single survey ranged mostly between 45 and. 
55 In addition to the response category of ‘never tried’ 
the following categories were used hke extremely—lke 
very much—lhke moderately—neither like nor dishke— 
dishke slhghtly—dishke moderately——dislke very much— 
dishke extremely These categories were assigned num- 
bers and simply averaged Various possible forms of 
numerical transformation were considered but these 
were rejected exther on theoretical or on practical grounds 
Detailed results about mdividual items are not given in 
this report so that comparisons with other studies are to 
that extent restricted The most satisfactory way of 
presenting the data ıs to report the ‘mean preference 
values’, the ‘centile rank’, and the ‘percentage not tried’, 
for a selection of vegetables (Table 5) 


Tabie 5 ATTITUDES TO SELECTED VEGETABLES 
(In rough hierarchical order US data from ref 8) 


Mean Centile Percentage 
preference rank not tried. 
Fresh buttered 
corn on the 
cob 89 96 1 
White potatoes 
Baked 67 55 I White potatoes appear 
Creamed 69 63 2 in 16 modes of prepara- 
French fried tion ranging from ‘mean 
(chips) 82 97 1 preference values’ of 58 
Mashed 76 86 1 (boiled ın therr skin) to 
8 2 (french fried potatoes, 
1 & , chips) 
Fresh sheed 
tomatoes 79 94 1 
Fresh grilled 
tomatoes 64 40 12 
Brussels sprouts 48 6 10 
Cabbage (boiled) 55 16 4 
Cabbage (baked 
with cheese) 43 2 30 
Carrots 53 to 13 to 4to According to mode of 
59 32 11 preparation 
Broccoli 4 8 to 4 to 16to According to mode of 
56 18 38 preparation 
Turnips 486 to 4 to 8to According to mode of 
5 0 8 11 preparation 
Rutabagas 47 5 39 
Spinach 47to 5 to §to According to mode of 
48 6 37 preparation 
Asparagus 42 to 2 to 4to According to mode of 
49 6 17 preparation 
Caulflower 
with cheese 
sauce 41 1 12 


Strictly speaking, the mean preference values are the 
average ratings on the lke — dishke scale These ranged 
from 8 2 for the most popular item to 41 for the least 
Somewhat surprisingly (to me) one of the least popular 
items was cauliflower with cheese sauce, but perhaps this 
particular dish ıs one which 1s difficult to prepare properly 
for mass, as opposed to mdividual, serv 

Cauliflowei with cheese sauce was at the bottom of the 
hierarchy with a centile rank 1 The meanmg of centile 
ranks 1s self-evident, but for clamty a centile rank of 96 
would simply mean that only 4 per cent of all items 
classified would be liked more (on the average) than this 
one With the exception of broccoh, cabbage baked with 
cheese and spinach, most of the r1tems mcluded m Table 5 
show surprismgly high acceptance characteristics Exam- 
ples m which mformation ıs quoted about more than one 
mode of preparation indicate just how mmportant this can 
be Thus, for example, baked white potato (presumably 
this refers to the Idaho potato) shows a mean ratmg of 
6 7 and a centile rank of 55, whereas French fred potatoes 
(chips) were extremely popular with an average rating 
of 8 2 and a centile rank of 97 Note also the very con- 
siderable shift when the position of fresh sliced tomatoes 
18 compared with that of fresh grilled tomatoes 
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Table 6 Mass OBSERVATION (PILOT SURVEY, SPRING 1962) 


Potatoes 
Like Dislike 
a) m) Ou) (iv) (v 
Sa may Gv) Si 


Cabbage 


Like Dislike 


Percentage responses 


B Percentage of people who had not ae a particular vegetable last year 
6 


t 
C Percentage ‘lke very much’ under various circumstances 


Age groups a b č a b c 
(a) 18-24 80 7 
(b) 25-44 j z = me a ee es 
{c) 45-65 No appreciable change 


Sex M (81) FF (78) M (62) F (69) 


Marital status 


Socio-economie status AB Cl C2 DE AB Cl C2 DE 
Š 71 79 81 82 61 62 £64 
\ artaiion with frequency of 
eating out Less than o1 
equal to 5 times a 79/78 67/63 
month v — 
greater than 5 
r 1 2 3 4 1 2 3 
Town size 76 73 81 85 65 61 67 
Regional yariations 
London and South-Bast 77 65 
South and East 76 59 
South-West and Wales 80 72 
Midlands 77 66 
North and North-East 79 67 
North-West 80 63 
Scotland 84 72 


Key 5ıze of towns, etc 
1 More than 250,000 

2 More than 50,000 

3 Less than 50,000 

4 Rural districts 


Category of response 


(1) Like very much 
(11) Not very much 
Qn) Mixed feelings 
(tv) Dislike a little 
(v} Dislike a lot 


* Denotes less than *# per cent 


Mass Observation Study, 1962 


The final study noted m this series 13 m some respects 
still a pilot investigation in so far as only five vegetables 
are mcluded The data were collected by Mass Observa- 
tion, Ltd (London), through the co-operation of Mr 
L R England In the course of a routme enquiry m 
the spring of 1962 questions about attitudes to these five 
vegetables were answered by some 2,000 respondents 
selected according to usual practices taking account of 
age, sex, mar:tal status, and socio-economic status and 
othe: basic conditions A summary of the mam conclu- 
sions 1S given m Table 6 

Again, only the more striking observations are emphas- 
ized The investigation was restricted to questions about 
potatoes, cabbage, leeks, spmach and asparagus These. 
were selected in the hght of previous experience so as to 
include the widest possible range of variation m types and 
patterns of responses, with a view to relating these to the 
distinctive sub-classes in the sample In this case as few 
as 1 per cent (or less) of all respondents strongly disliked 
any of these vegetables This ıs mm marked contrast 
with the high frequency with which spmach was disliked 
(28 per cent) in the previous British sample, with its 
bimodal characteristics Restricting attention here to the 
‘like very much’ category of response the followmg poimts 
stand out 

(1) Potatoes show no change at all with age 

(2) Whereas the ‘hke very much’ response shows a 
shght and gradual mcrease with age of the respondent 
groups in the remammg instances (that ıs, other than 
potatoes) m no case 1s this trend marked 

(3) Sex differences are trivial ? 
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Leeks Spinach Asparagus 
Like Dislike Like Dislike Like Dishke 
(1) (11) Gu) (tv) (v) @ @) Gn) Gv) ©) Q) u) Gan) Qv) (v 
34 7 4 íi 1 13 u 2—1 | 9 p) 1 * y 
58 79 88 
Marhed regional 
variation 
a b € Q b c a b c 
2d 32 39 6 12 17 6 8 12 
M (33) ¥ (35) M (12) F (14) M0) =F (9) 

3 WD 8 (7) M13) WD (25) 8 (9) M (9) WD (18) 
AB COl 02 DE AB 0l C2 DE AB Cl C2 DE 
39 85 32 38 29 16 8 11 34 12 6 3 

(Effect more marked in 
hngher age group) 
33/35 11/18 7AT 
1 2 3 4 1 2 3 4 1 2 3 4 
28 24 42 43 14 9 13 14 9 10 9 11 
27 23 10 
Soll 18 14 
38 9 16 
33 13 g 
18 6 6 
82 6 8 
65 6 10 
Socio-economic group Marital status 

A S = Single 
B M = Married 
Ci | From Registrar-General’s WD = Widowed or divoreed 
fe classification 
EJ 


(4) Changes with marital status mostly follow the 
sequence, single, married, widowed and divorced, mmn 
mereasing order of ‘hke very much’ response Since these 
trends are very much the same as those with age, 
perhaps there 1s some confusion (confounding) of the 
effects of age and marital status 

(5) Socio-economic status only slightly affects attitudes 
to cabbage and potatoes As might be expected, this 
variable shows greatest effect on the ‘like very much’ 
response for asparagus, varying from 34 per cent for class 
AB to a mere 3 per cont for class DE Similar though less 
marked effects are to be seen with spmach 7 

(6) With the possible exception of its effect on leeks, 
town, size has only a trivial effect on the ‘hke very much’ 
response 

(7) There 1s no regional vanation in ‘uke very much’ 
response for potatoes 

(8) The most marked regional vaziation 1s to be found 
with leeks m the very gh frequency of ‘hke very much’ 
response in Scotland (65 per cent) as opposed to the low 
value of 18 per cent m the north and east 

(9) London and the south-east show the greatest 
frequency of ‘hike very much’ response for spinach (18-23 
per cent) as compared with the north, the north-west 
and Scotland all with a frequency of 6 per cent 

(10) Only m the case of the more unusual vegetables 
m the group (spinach and asparagus) 1s there any suggested 
association to link frequency of ‘eatmg out’ m a positive 
manner with the frequency with which a particular 1tem 
1s iked 

(11) Finally, there 1s in general an mverse relationship 
between the frequency with which a particular item 1s 
hked and its unfamiliarity 
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The available results have been presented m sufficient 
detail to make ıt unnecessary to recapitulate pomts of 
detail What, then, are the main conclusions to be drawn 
from the collation of the mformation from these very 
different sources ? Pomts of special interest meclude the 
folowmg ` 

(a) In practically all these mvestigations potatoes are 
widely familar, usually hked and only rarely dishked 

(b) Although exact figures for particular vegetables 
may vary considerably from one mvestigation to another, 
with some exceptions relative positions show a consider- 
able measure of concurrence 

(c) Comparisons are not simple to make, m view of the 
fact that no smgle mdex provides full and adequate 
information about a particular vegetable In practice, 
other variables not discussed here have to be considered 
in attempts to predict patterns of acceptance 

(d) In this context note may be taken of the report 
by Pilgrim® or Pilgrim and Kamen’ that about 75 per cent 
of the varnability m acceptance of a wide range of foods 
in the Army situation can be predicted by three variables 
These were the average Hedonic ratmg, the satioty value 
or ‘filingness’ of a particular food, and its basic nutrients 
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(protem and fat) This paiticular observation does not 
refer exclusively to vegetables but to the complete range 
of items in the American Army surveys 

(e) In particular, this work stresses the potential 
value of the Hedonic Scale and its use as a method of 
distmguishing between different foods and vegetables 

They pomt to the need for more extensive surveys in the 

United Kingdom, and to the possibilty of makmg regular 

comparisons to trace out changes with time in patterns 

of likes and dislikes 
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FREQUENCIES FOR RADIO ASTRONOMY AND SPACE SCIENCE 
By Dk R L SMITH-ROSE, C B.E. 


President, International Scientific Radio Union 


OR several centuries astronomers have been exploring 
the heavens with the aid of optical telescopes which 
have been steadily developed to give greater resolving 
power and precision of observation In more recent times, 
the astronomer has increased the facilities available to him 
by the aid of photographical and other recording tech- 
niques, thereby extending the range of wave-lengths under 
observation to include the infra-red and ultra-violet 
portions of the spectrum Even so, the basic range of 
wave-lengths available for use by the optical astronomer 
is lhmited to approximately the band 1,000-30,000 A, 
corresponding to wave-lengths from 10-7 to 3 x 10-8! m (or 
frequencies from 3 x 1015 to 104 c/s) The development of 
radio astronomy has more than trebled the extent of the 
electromagnetic wave spectrum now available for scien- 
tifie research, the frequencies in present-day use ranging 
from 2 5 to more than 30,000 Me/s (wave-lengths 120 m 
to less than 1 em) 


Radio Frequency Allocation 


In the past decade or so, the use of radio waves for all 
purposes such as communication, navigation, broadcasting 
and television has expanded on an enormous scale, with a 
consequent increasing demand for allocations of various 
portions of the radio-frequency spectrum It has there- 
fore become essential for scientists engaged m radio 
astronomy or space science to establish their claim to the 
protection of certain bands of frequencies for their use in 
experimental research 

For this purpose, an Inter-Union Committee on Fre- 
quency Allocations for Radio Astronomy and Space 
Science (IUCAF) was formed ın 1960 under the auspices 
of the International Council of Scientific Unions, to 
examine in detail the number and width of the various 
frequency channels in which protection from mterference 
is desired, and to report its conclusions to the Inter- 
national Telecommunication Union and its International 
Frequency Registration Board The Inter-Union Com- 
mittee consists of representatives of the three international 
scientific bodies concerned (namely, the International 
Scientific Radio Union, the International Astronomical 
Union and the International Committee on Space 


Research), together with members of the International 
Council of Scientrfic Unions, the International Telecom- 
munications Union and the International Frequency 
Registration Board, and with one or more independent. 
consultants, who are specially experienced in the inter- 
national radio field Dr J F Denisse of the Observatoire 
de Paris is the chairman, and Dr R L Smuth-Rose is 
the Secretary-General 

The Committee on Frequency Allocations for Radio 
Astronomy has given serious study to the problem of 
frequency protection for radio astronomy and space 
science, and its representatives have participated ın both 
study group meetings and the recent (1963) Plenary 
Assembly of the Comité Consultatif International des 
Radio-communications, at which the technical issues 
involved have been discussed on an international scale 
Both radio astronomy and space research are recognized 
services within the sphere of the International Telecom- 
munication Union, and some progress was made at 
Geneva in 1959 towards ensuring the protection of frequen- 
cies required for such services 

At the forthcoming Extraordinary Admunistrative Radio 
Conference of the International Telecommunications 
Union, which opens at Genova on October 7, the rapid 
progress made in recent years in both radio astionomy and 
space science and communications will be reviewed 1n 
detail, m order that the allocation of specific bands of 
frequencies may be made more definite 


Radio Astronomy 


The International Telecommunication Union in its 
Geneva, 1959, Radio Regulations recognizes the Radio 
Astronomy Service in the followmg two definitions 

“No 74 Radio Astronomy Astronomy based on the 
reception of waves of cosmic origin”, 

“No 75 Radio Astronomy Sereece A service mvolving 
the use of radio astronomy” 

It should be noted that the Radio Astronomy Service 
differs from all other radio services in two mmportant 
respects (a) 1+ does not itself originate any radio waves 
and therefore causes no interference to any other service, 
{b) a large proportion of its operation 18 conducted by the 
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use of reception techniques, which are several orders of 
magnitude more sensitivo than those used m other radio 
services 

The radio astronomer continues to umprovo his recep- 
tion techniques, aerial systems and recerving apparatus, m 
order to obtain the utmost sensitivity for recording the 
very weak signals forming the various radiations he 1s 
studying The conduct of this work mvoives him im the 
development and construction of very expensive equip- 
ment, and ıb 18 rmportant to ensure that the use of this 
apparatus should not be unduly impaired by mterference 
-from other radio services 

In order to pursue his scientific research successfully, 
the radio astronomer seeks protection from interfe1ence, 
first, ın a number of bands of frequencies distributed at 
approximately harmonic intervals throughout the spec- 
trum, and secondly, more complete and specific protec- 
tion for the exact frequency bands m which natural 
radiation from, or absorption in, cosmic gases 1s known or 
expected to occur An example of the latter is the emis- 
sion line of hydrogen at 1,400~1,427 Mejs, which 1s already 
given an exclusive allocation in the existing Radio Regu- 
lations (1959) In all other cases in these Regulations, 
reference to frequencies for radio astronomy 1s made on a 
basis of sharmg with other radio services What is now 
sought ıs an ımproved measure of protection for a number 
of these frequencies distributed throughout the spectrum, 
from the guard bands associated with the standard 
frequencies of 2 5, 5, 10, 15, 20, and 25 Mc/s, to a number of 
other frequencies at or near the values of 40, 80, 150, 408, 
610, 2,700 and 5,000 Mc/s The widths of the bands ın 
which, so far as practicable, an exclusive allocation 1s 
desired at these frequencies, range from 05 Me/s at the 
lower end to 10 Mejs at the upper end of the spectrum 
In addition, and to provide for future developments in 
research, ıb ıs requested that radio astronomy should be 
regarded as a primary service im four higher regions of the 
spectrum at 10 6, 15 4, 19 4 and 315 Ge/s, where band- 
widths ranging from 0 1 to 0 3 Ge/s are suggested as bemg 
necessary for the efficient pursuit of research with the 
most advanced type of apparatus at present available 
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Space Research 


The need, of the space research seientist for protection of 
radio frequencies 1s somewhat different from that of the 
radio astronomer Some satellites-are already in use for 
direct application to the extension of world-wide com- 
munications Many other satellites are, however, being 
placed in orbit around the Earth with the view of extending 
our knowledge of the upper atmosphere at increasingly 
great heights, and to measure various physical quantities 
in outer space, such as solar radiation, cosmic rays, and 
the density and orbits of electrons trapped in belts 
determined by the Earth’s magnetic field In some cases 
the frequencies required here are for control of imstru- 
ments in the satellite or for locatmg ıt durmg its orbit, 
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and, in such instances, the frequencies could be con- 
veniently shared with the corresponding requirements of, 
say, communications satellites But, bearmg m mind the 
inaccessibility of the scientific equipment carried m the 
space vehicle and the need to use the measurmg equip- 
ment for the maximum proportion of the avaiable times, 
it 18 umportant that the results of the scientific measure- 
ments can be communicated to the ground controlling 
station or laboratory with the minimum of delay or inter- 
ference It is thus desirable that a number of bands of 
frequencies in appropriate parts of the spectrum should be 
allocated, without danger of interference, to the needs of 
scientific research being conducted with the aid of satel- 
lites ın orbit 

At the recent meeting of the International Committee 
on Space Research (COSPAR) in Warsaw, the followmg 
general resolution was adopted ‘“‘Considermg that the 
transmission of data from space vehicles to the ground 1s 
essential to the use of such vehicles in space research, 
COSPAR recommends that through IUCAF every effort 
should be made to guarantee the contmued allocation of 
suitable frequency bands for this purpose ” 

While in some cases frequencies required by those 
concerned with communications by means of satellites 
can be shared with the scientist interested solely in scien- 
tific measurements, m many imstances 1t 1s desirable to 
have separate allocations, so far as 1s practicable, in order 
that the elaborate and expensive equipment used in space 
research can be used to the utmost extent It ıs thus 
desired that bands at approxumately the following points 
in the spectrum should continue to be available for the 
purposes of space research on at least a primary, if not on 
an exclusive, basis 136, 400, 1,427, 1,700 and 2,300 
Me/s, and 5 2, 8 5, 15 2 and 315Ge/s A number of other 
frequencies are also required for trackimg and controling 
satellites and for communication and telemetry sei vices, 
but in some or most of these cases the actual frequency 
bands may be allocated on a shared basis among the 
various users 
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Conclusion 


It will be seen from the foregoing brief survey that the 
rapidity with which advances m both radio astronomy and 
space science are taking place at the present time renders 
1t most 1mportant that careful consideration should be 
given to the allocation, on either an exclusive or on a 
primary basis, of various bands of frequencies within the 
radio spectrum ‘The forthcoming Conference at Geneva 
will have the most difficult task of debating the claims of 
the various users, anxious to advance radio astronomy and 
space science as well as the practical operation of world- 
wide communications by means of Earth satellites But 
it 18 the decisions and recommendations of this Conference 
that will determme the ease with which scientists will be 
able to pursue their work with the maximum degree of 
protection from interference from other radio services 
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Prof. E D Hughes, F.R S. 


Tie untimely death ın London on June 30, after a 
short ulness, of Prof E D Hughes, head of the Wulham 
Ramsay and Ralph Forster Laboratories, and professor 
of chemistry ın University College, London, deprives 
British scence of a man of wisdom and authority at the 
height of his powers 

Edward David Hughes was born on June 18, 1906, of 
a farming family in Criccieth He studied chemistry at 
the University College of North Wales, at Bangor, under 
Prof K J P Orton, whose pioneering work m mechan- 
istic organie chemistry imspired his early enthusiasm for 


this field His first scientific papers, on kinetic aspects of 
keto-enol tautomerism, were published with Orton and 
with H B Watson He took a PhD degree of tho 
University of Wales in 1930, and m that year he jomed 
Prof GC K Ingold m the Chemistry Department of 
University College, London, as a post-doctoral Fellow In 
1936 he became Ramsay Memorial Fellow, and then 
successively assistant lecturer and lecturer on the staff of 
that Department ‘This period marked the begmning of 
the long scientific collaboration which, contmuing as it 
has until his death, ıs almost without parallel im the 
history of English science, and mextricably links the 
names of Hughes and Ingold as the foremost contributors 
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to a change in approach to organic chenustry, which now 
is manifest both m the terminology and teaching of the 
subject, and at the forefront of progress ın the field 

His fist investigations at University College, London, 
were in the field of nucleophilic displacement and elmune- 
tion reactions The simple concept that several hmiting 
mechanisms for such reactions could be identified and 
characterized kinetically led quickly to the recognition of 
fundamental patterns of behaviour which until then had 
been obscured by apparently conflicting observations 
Perhaps the major trumph of this period was the elucida- 
tion of the maim factors determming whother racemuza- 
tion, retention or mversion accompanies nucleophilic 
displacement at a saturated carbon atom—the problem 
of the ‘Walden inversion’ His brilliant reviews in the 
Discussions of the Faraday Society m 1937 and 1941 stall 
provide the fundamental basis of any mechanistic account 
of these reactions They anticipate also many of the 
later developments m this field, stereochemical, struc- 
tural and environmental factors, determmuing the course 
of these reactions and the rearrangements which can 
accompany them, are all discussed in these early sum- 
maries, though the elaboration of details required many 
years of later vestigation, to which he and his associates 
no less than other workers ın the field have since con- 
tributed 

From 1939 he was one of a very small staff maintaming 
the Department of Chemistry of Unversity College, 
London, through its evacuation to Aberystwyth and 
Bangor In 1943 he was appointed to the chair of chem- 
istry m the University College of North Wales at Bangor 
where he had first studied There he spent five years, 
and was responsible for the rapid post-war rebuddmg and 
expansion of his Department At the same time he 
gathered around him a group of enthusiasts ın the apph- 
cation of isotopes to the study of reaction mechanisms 
Their pioneermg work on the laige-scale separation of 
the heavy isotope of oxygen now has fruitful offshoots m 
several departments and countries 

Thiough this period, Hughes mamtaimed his interest 
and participation in the work m progress m the Chemistry 
Department of University College, London Hais direct 
and critical approach led durmg these years towards 
simplification of the mterpretation of the kinetic forms 
observed for aromatic substitution, and to the general 
acceptance of the view that the nitronium ion is the most 
important entity mvolved m aromatic nitration 

In 1948 he was appointed professor of chemistry at 
University College, London Here he remained until his 
death His scientific distmetion was marked in 1949 by 
hus election to fellowship of the Royal Society In 1961 
he became head of the Department of Chemistry at 
University College, London His contributions to the 
elucidation of reaction mechanism 1anged in these vears 
over a wide field He initiated umportant and magmative 
studies of structural and stereochemical effects m nucleo- 
phihe and aliphatic replacement reactions, of Wagner— 
Meerwem and related rearrangements, of anionotropic 
rearrangements, of electrophilic aromatic and aliphatic 
substitution, of aromatic rearrangements, and of proto- 
tropic shifts Alongside these developments he maintaimed 
œ policy of encouraging and fostermg independence ın his 
younger colleagues, who owe a great debt to his generosity 
and to his faith in their ability and promise 

In 1961 he undertook editorship of a series of mono- 
graphs to be publshed by Elsevier on special topics m 
physical organic chemistry, the first of these was at the 
proof stage at the time of his death 

His services to academie life, which were marked by 
his election to fellowship of the University of Wales and 
of University College, London, were by no means solely 
in the field of research A valued teacher and colleague 
both at Bangor and at University College, London, where 
he was dean of the Faculty of Science from 1958 until 
1961, he contributed also n a most valuable and important 
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way as an appomted teacher of the University of London, 
particularly through his chairmanship (1955-60) of the 
University Board of Studies m Chemistry Here his wise 
and efficient guidance gained him many friends, and he 
will be much missed from the academic councils of the 
University durıng the times of change ahead He was 
greatly m demand as external examuner for first degrees 
and for higher degrees of universities throughout Britam 
He performed an extremely umportant task as honorary 
secretary (1949-61) and then as chairman of the Advisory 
Council of the Ramsay Memorial Fellowship Trust, and 
on committees of selection for Imperial Chemical Indus- 
tries, Ltd, and other semor research fellowships, where 
his judgment, common-sense and powers of assessment 
were regarded highly. 

Outside the University he played many important 
parts He was a governor of the Northern Polytechnic 
(1950-60) He was a Fellow (1938) and member of the 
Council (1961-63) of the Royal Institute of Chemistry, 
and acted for the Institute as assessor in organic chemistry 
for Higher National Certificates and Diplomas, and as a 
special examiner, he was honoured by the Society as a 
Meldola Medalist ın 1936 Perhaps his greatest contribu- 
tion, however, was to the Chemical Society, to the 
publications of which he personally contributed so much 
He served on almost every sub-committee of this great 
Society, bemg chairman of the Library Committee from 
1959 onwards, an honorary secretary from 1950 until 1956, 
and a vice-president (1956-59) He was honorary secre- 
tary of the Chemical Council (1953-55) 

Hughes’s scientific hfetime has seen an enormous change 
m organic chemistry All its many aspects have been 
affected by the realization that the complicated patterns 
of yield and reactivity can be interpreted and already ın 
part predicted ın terms of the accessibility of the various 
transition states leadmg from starting-materials to pro- 
ducts Few have contributed to the acceptance of this 
approach, bitterly contested as 1t has been, more than 
Hughes His work has always been characterized by 
steadfast behef ın the rmportance of mechanistic investi- 
gations, an msistence on experimental verification of esch» 
point as ıt has come under scrutiny, and an intuitive 
recognition of the quahty of crucial experimental 
observations 

He was a man of outstanding humamty His actions 
and his advice led directly to the heart of any problem 
through clear recognition of general prmeiples His 
friends will remember him for ms deep sense of loyalty, 
for his unshirking sense of responsibility, and for his 
devotion to the Department where so much of his work 
was done 

In 1934 he marnued Ray Fortune Christine, daughter 
of the Rev Ll Davies, of Brecon She survives hm with 
thew daughter P B D DE LA Mare 


Dr. Annie Porter 


PaRASITOLOGISTS the world over will mourn the loss of 
Annie Porter, who died in London at the advanced age of 
eighty-three on May 9 after a protracted and debiuhtatmg 
illness 

Born at Shoreham-on-Soa, Sussex, on February 20, 1880, 
Annie was the elder daughter of Samuel Porter The family 
eaily moved to Brighton where she received her school 
education, whence she proceeded to University College, 
London, There her first love was mycology—a, subject in 
which she retained an intorest throughout her hfo— 
although animal parasitology, and especially protozoology, 
demanded most of her professional time in later years 

From University Colloge she proceeded m 1914 for a 
time to the Quick Laboratory ın Cambridge, where she. 
mot and worked with H B Fantham (and whom she 
married in 1915) At Cambridge Dr Porter held a Beit 
Memorial research fellowship for two years and taught 
as an assistant helminthologist 
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In 1917 she accompanied her husband to J ohannesburg 
and became hoad of the department of parasitology ın the 
South African Instituto for Medical Research, serving 
also as senior lecturer in parasitology in the University 
of the Witwatorsrand and as examiner in zoology and 
animal parasitology at both institutions She remained in 
South Africa, until 1933 when she accompanied her 
husband to Canada, where she remained until 1938 as 
1esearch associate in zoology at McGull University, 
Montreal On the death of her husband (during October 
1937) she was invited by the socretary of the Zoological 
Society of London (Dr (now Sw) Julian Huxley) to 
become honorary parasitologist at Regent’s Park, a post 
she filed with great success until a few months prior 
to her death 

The furtherance of zoology and especially animal 
parasitology was almost the sole terest ın Annie Porter’s 
long life Always ready to help anyone interested in 
animals, she will long be remembered by her many pupils 
and friends who are now widely scattered over the globo 
Her dedication to zoological science transcended all other 
interests and amounted to a passion when stimulating her 


No 4901 


NEWS an 


The U.S. National Science Foundation: 
Dr Alan T. Waterman 


On theretirementofDr AlanT Waterman asfirst director 
of the National Science Foundation, the three Presidents 
of the United States under whom he had served paid 
tribute to his skilled leadership in establishing the Founda- 
tion and guiding it through the crucial years of 1ts existence 
as a Federal agency ın support of basic research and 
education m the sciences The statements of the three 
Presidents, as well as tributes from the scientific com- 
munity, were read at a dmner given for Dı and Mrs 
Waterman by the National Science Board on June 21, 
1963 President Kennedy observed “Through the work 
of the Foundation m sponsoring basic research, the 
Nation has embarked on exerting and ertical adventures 
in science that will contribute importantly to human 
progress The NSF has helped extend our horizons to the 
innermost workings of man and his society and the outer- 
most reaches of our planet and the universe’ Dr 
Waterman, who continues as a consultant to the Founda- 
tion, is also president of the American Association for the 
Advancement of Science, and next year will become 
chairman of the Board of Directors Dr Waterman has 
deferred for the tıme being further plans for the future 
until he avails himself of the holiday which he consistently 
neglected m order to devote himself to the work of the 
National Science Foundation 


Dr. Leland J. Haworth 


Dr LELAND J Haworre succeeded Dr Alan T 
Waterman as director of the National Science Foundation 
on July 1 He has been one of the five commissioners of 
the US Atome Energy Commission since 1961 Prior 
to lus appomtment as commissioner, Dr Haworth was 
associated with the Brookhaven National Laboratory, one 
of the United States’ major facilities devoted to high- 
energy physics He became director of the Laboratory in 
1948, and ın 1960 he was, m addition, made president of 
Associated Universities, Inc , a non-profit corporation of 
nine eastern universities which operates the Laboratory for 
the US Atomic Energy Commussion and the National 
Radio Astronomy Observatory for the National Science 
Foundation <A native of the Middle West, Dr Haworth 
was educated at the University of Indiana, where he 
received his AM degree, and at the University of Wis- 


NATURE 


21 


co-workers in the several team projects with which she 
was associated 

Hor early intorest in mycology found exprossion during 
tho lean periods of the Socond World War when she 
combed the areas around her home for edible fungi, samples 
of which she generously bostowed on her friends She 
spent long hours piopagatimg the edible spocies by 
Preamp their sporos m suitable localities in Regont’s 

ark 

Apart from her scientific work Dr Porter dovoted her 
time to social welfare and particularly to the education of 
spastic children, for whom once a yoar she borrowed live 
animals from the Zoo for demonstration 

Out of her large estate in Groat Britain, Dr Forter 
willed £10,000 to Christ’s Collego, Cambridge, to ondow a 
research scholarship m animal parasitology and proto- 
zoology, £5,000 cach to University College and to the 
Zoological Socioty of London for simular research scholar- 
ships, besides £5.000 to the University of the Witwatorsrand 
for a research scholarship ‘to be held in any Univorsity in 
the British Empire” and £1,000 to McGull University for 
a research scholarship W C Osman Hitt 
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consin, where he was awarded his doctorate m physics m 
1931 Durimg 1938-47 he was professor of physics m the 
Univorsity of mois During the Second World War he 
was on leave of absence from Illnois to work on radar 
dovelopment at the Radiation Laboratory of the Massa- 
chusetis Institute of Technology Dr Haworth’s mtimate 
knowledge of Government research and development 
problems has been further enhanced by membership of a 
number of advisory committees and panels His most 
recent personal research interests melude high-energy 
physics, and high-energy accelerator design In earher 
years he worked on secondary emission of electrons, 
Joule-Thomson effects at very low temperatmes, nuclear 
physies, and electronics 


Mathematical Physics at Birmingham: 
Prof T H. R Skyrme 


Mr T H R SKYRME has been appointed to the chair 
of mathematical physics at the University of Birmingham 
as fiom Octobor 1, 1964 Mr Sky1me succeeds, as professor 
and head of the Department of Mathematical Physics, 
Prof R E Pererls, who has been appointed Wykeham 
professor of physics in the University of Oxford (see 
Nature, 196, 1038, 1962) Mr Skyrme’s academic carcer 
started with scholarships at Eton and at Trinity College, 
Cambiidge, whore after taking a double first m mathe- 
matics he became a Fellow of his College During the 
Second World War hoe was with Prof Peierls for two years 
as a member of a British mission sent to work with Amori- 
can scientists in New York and later im Now Mexico, ho 
returned to the United Kingdom with Prof Peiels as a 
Research Fellow m the Department of which ho is now 
to bo the head Horo he met and married Dr Dorothy 
Millest, at that time lecturer m the Department of Physics 
Since leaving Birmingham in 1948, Mr Skyime and his 
wife have been on the staff of the Atomic Energy Estab- 
lishment, Harwell, except for two years when he held 
fellowships at the Massachusetts Institute of Technology 
and Princeton, a period when he was a visiting professor 
at the University of Pennsylvania, and the time since 1962 
when they have been teaching at the University of 
Malava Thus Mr Skyrme, who ıs aged forty, goos to 
Birmingham ın 1964 with experienco of eight universities 
and research institutes in three continents He has 
carried out research in the theory of atomic nuclei and of 
sub-nuclear particles, especially ın field theory 
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Memorial to the Late Dr. A T R Mattıck, C B E. 


CoLLEAGUES and friends of the late Dr A T R 
Mattıck, for many years head of the Bacteriology Depart- 
ment and deputy director of the National Institute for 
Research m Dairying, University of Reading, wish that 
some form of memorial be established to commemorate 
his work and perpetuate his name Everyone who knew 
Dr Mattick wul be aware that he set himself high stan- 
dards m his scientific work and im rts presentation They 
will also remember that he always had ın the forefront of 
ins mind the benefits to the Institute’s research pro- 
gramme which came from discussion with scientists im 
other research centres both at home and abroad It 1s 
proposed, therefore, to establish a memorial fund, the 
mcome from which, m the absence of financial support 
from other sources, would be used to enable members of 
the research staff of the Institute to visit research centres 
either in the United Kmgdom or abroad or to attend 
speciahst conferences It might also be appropriate on 
occasion to mvite a distinguished scientist to give a 
memorial lecture on a topic which would be of mterest 
to people connected with darymg Individuals and 
organizations withm the dairy mdustry who have reason 
to be grateful to Dr Mattick for his help and guidance 
would no doubt wish to be associated with this proposal 
and to subscribe towards a fund to commemorate the life 
work of a man who 1s spoken of as “‘the father of dairy 
bacteriology’? Contributions towards the Memorial Fund 
should be sent to the Director, National Institute for 
Research in Dairying, Shinfield, Reading. 


Bicentenary of the Birth of John Dalton 


Tue bicentenary of the birth of John Dalton falls m 
September 1966, and to mark the occasion a programme 
of events will be held in Manchester, where Dalton lived 
and worked for most of his hfe The celebrations are bemg 
sponsored by the Royal Society, the Manchester Literary 
and Philosophical Society, the Chemical Society, the Royal 
Institute of Chemistry and the Society of Chemical 
Industry, with the ‘collaboration of the Britash Society 
for the History of Science and the Director of the Science 
Museum The detailed arrangements are bemg made by 
the Manchester Literary and Philosophical Society 
Although the details are not yet fixed, the celebrations 
will probably be held durmg the thud week m September 
1966, and are likely to consist of a specialist conference 
for the mstonans of science, followed by a@ semes of 
meetings of more general interest The programme will 
include an exhibition and a number of social events 


Science and the Policies of Governments 


Scrence and the Policees of Governments presents the 
1eport of the ad hoc Advisory Group on Science Policy of 
the Organization for Economic Co-operation and Develop- 
ment (Pp 55 Pars Organization for Economic Co- 
operation and Development, 1963) The Group was 
appomted m 1961 by the Secretary-General to advise him 
on policy issues of science and technology that are 
increasingly demanding attention from Governments and 
the scientific community, as well as on the general 
orientation and long-term objectrves of the Organization 
in this field The Advisory Group, of which M Pierre 
Pigeniol was chauman and Sir Wills Jackson a member, 
after reviewing generally the new dimensions of science 
and technology, the pubhe stake m seience and the 
relation of science to economic growth and objectives, 
pomts out that science policy 1s not an abstract concept 
but of the same nature as economic policy or foreign 
pohey There has developed on Governments a mayor 
and continuing responsibility to make choices about the 
issues that nvolve science The second part of the report 
discusses science and national policy, mcluding 1ts bearmg 
on scientific policy and on other factors that enter ito 
the effective management and pursuit of scientific work 
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and scientific communication, as well as some of the 
impheations of science m makmg economic or foreign 
pohey or its bearmg on manpower and educatidnal policy 
This section of the report msists on the need to formulate 
& national policy for science, to co-ordinate the various 
scientific activities of a country, and to integrate science 
with general pohcy, and advocates the constitution for 
these purposes of a Science and Policy Office, the specific 
functions of which are detailed From this, m the third 
part of the report, the Group proceeds to a discussion of 
international affairs, emphasizing first the need for policy 
and recommending specifically for the Organization for 
Economic Co-operation and Development a meeting of 
Munsters for Science The agenda visuahzed would be 
concerned with national science policy, the concept of 
which should be clarified, with international scientific 
co-operation, and with science, economie growth and the 
role of the Organization for Economic Co-operation and 
Development [Such a meeting was, m fact, held ın Paris 
during October 3-4, when the report was considered ] 


-London and Home Counties Regional Advisory Council 
for Technological Education 


THE fourteenth annual report of the London and Home 
Counties Regional Advisory Council for Technological 
Education, covermg the period from September 1, 1961, 
to December 31, 1962, claims that the Council 1s a vital 
lnk in the cham of communication and partnership 
between education and mdustry (Pp 39 London: 
London and Home Counties Regional Advisory Council 
for Technological Education, 1963) The Council has been 
intimately connected with many developmg features of 
technical and technological education, and a working 
party, sponsored by the Council and the Institute of 
Education, University of London, has just completed a 
report on educational research mto technical education 
Concern 1s expressed as to the effect on the constitution 
and functions of the Counen of the Government proposals 
for the reoiganization of local government in Gueater 
London Some 289 courses were supported durmg the 
year, 51 beimg ın apphed science and mathematics, 98 ın 
engineering and 140 in other subjects Twelve colleges in 
the region have been recommended for designation as 
regional colleges, with a reserve lst of three others for 
future designation Reports from the Regional Academic 
Board, the Distribution of Courses Committee and the 
fifteen Regional Advisory Committees are included 


Centralization and Documentation 


A FINAL report to the National Science Foundation 
made by Arthur D Little, Inc, on Centralzation and 
Documentation, dated July 1963, does not support the 
large-scale centrahzation of facilities for stormg and 
retrieval of scientific documents at the present time (Pp 
iv+70 Cambridge, Mass Arthur D Little, Inc, 1963) 
It 1s considered that a large centralized facihty drawmg 
on present-day techniques for retrieving documents 1s 
unhkely to achieve the mam objective of providing an 
effective exhaustive capacity for searchmg the htera- 
ture to supplement efforts to prevent duplhcation of 
research or development The report recommends, how- 
ever, a comprehensive programme to mdicate the real 
needs of scientists and engineers for mformation Such a 
survey, conducted with imagination and msight, is an 
essential pre-requisite to the support of any centralized 
searching facilties m future, if such facilities are to serve 
useful functions Before extensive efforts are made to 
develop such aids as elaborate word thesaun for existing 
retrieval systems, the report recommends also the further 
investigation of the use of statistical techniques for the 
automatic generation of thesaurus lists and for the auto- 
mation of some functions at present performed by human 
intermediaries To this end, the report suggests that 
one of the existmg medium-sized co-ordinate retrieval 
systems should be operated experimentally ow a, statistical 
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association basis Although a body of theory for the 
design of such systems has been developed and tested 
successfully on a small scale, there are many practical 
technical problems to be solved before a useful system 
incorporating these concepts can be developed Existing 
co-ordinate searching systems do not possess three 
necessary characteristics a capacity for generalizing 
a user’s request to make ıt more compatible with the 
vocabulary of the retrieval system, a capacity to match 
automatically the user’s depth of search requirement to 
system parameters, by rankmg the documents presented 
to users m decreasmg order of probable relevance, a 
potential capacity of almost mstantancous reaction 
between user and searchmg machine, without need for a 
human intermediary 
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The Eastern European Academies of Sciences 


PUBLICATION 1090 of the National Academy of Sciences— 
National Research Council, The Eastern European Acad- 
emies of Sciences a Duectory, represents a first attempt 
by the Office of the Foreign Secretary of the Academy 
to compile information on acadermes and research councils 
throughout the world (Pp v+148 Washmgton, DC 
National Academy of Sciences—National Research Council, 
1963 2 dollars) The academies of sciences described are 
those of Bulgaria, Czechoslovakia, Hungary, Poland, 
Rumania and Yugoslavia The academies of sciences of 
the USSR are not meluded since they have been the 
subject of other studies, the results of which are already 
avaliable in the United States The Directory presents 
a brief history of each academy, its present organization, 
1esponsibilities, and the titles of ıts main periodicals 
Rosters of leading academy officials and of affihated 
institutes and their directors are also included, along with 
biographical sketches of promiment academicians m each 
country It is claimed that the survey reflects, as accur- 
ately as possible, the status of the academies and their 
principal personnel and programmes in December 1962 
As a ‘directory’ the mformation supplied is not extensive, 
and does not supplant that available from, for example, 
The World of Learniig, especially as the latter gives full 
lists of academicians and far more titles of periodicals 
Thus the use of the present publication will be as a 
reference guide to the policies and personalities of acad- 
emies ın eastern Europe 


Perkin Centenary Awards 


APPLICATIONS for the awards of the Perkin Centenary 
scholarships are invited by the Trustees Each award, 
tenable for one or two years and renewable for a further 
year at the discretion of the Trustees, 18 offered to can- 
didates employed m an industrial firm or other institution 
concerned with the manufacture or the application of 
colouring matters to study at a university or technical 
college Two types of award are available, some to the 
value of £100, to be used m conjunction with a local 
education authority grant, and others to the value of 
£350, which may be increased to £400 for a student hving 
away from home Perkin Travel Grants are also avail- 
able However, the Perkin Centenary Fellowsmp wul not 
be awarded in the year 1964-65 Further mformation 
can be obtamed fiom the Secretary, Perkin Centenary 
Trust, c/o the Chemical Society, Burlington House, 
London, W 1 


Does Instrumentation Pay? 


Fottowine the success of its symposium last year, 
when more than 100 applicants had to be turned down 
because of lack of space, the South Yorkshire section of 
the Society of Instrument Technology 1s organizing another 
one-day event m Sheffield on October 24 The theme of 
this year’s symposium 1s “‘Instrumentation and Control— 
Does ıt Pay?” Intended as the South Yorkshire section’s 
contribution to National Productivity Year, the Memorial 
Hall of Sheffield City Hall has been booked m anticipation 
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of a large attendance Nine speakers will talk on various 
aspects of mstrumentation and control, drawmg exten- 
sively from their own practical experience Special 
emphasis will be directed towards the needs of the smaller 
firm, where lack of knowledge tends to restrict,the oppor- 
tunities for the applheation of relatively mexpensive 
control systems Speakers will mclude R Barber (Land 
Pyrometers Ltd, and chairman of the South Yorkshire 
Section of the Society of Instrument Technology), M A 
Thomas (Steel, Peech and Tozer), B O Smith (Honeywell 
Controls Ltd}, Dr P Bacon (Guest Keen Iron and Steel 
Co Ltd), H B Western (National Industrial Fuel 
Efficiency Service), J Hancock (Unbrako Steel Co Ltd ) 

A Barker and R F Wright (Thos Firth and John Brown 
Ltd}, I C Ross (Steel, Peech and Tozer) The symposrum 
will conclude with an open forum under the chairmanship 
of Mr Barber Further mformation can be obtamed from 
C G Hague, ACE -Hartons Ltd, 109, Rockmgham 
Lane, Sheffield, 1 An attendance fee of one gumea is 
being charged for the meeting 


Announcements 


Tue twenty-first annual Pittsburgh Diffraction Con- 
ference will be held at the Mellon Institute, Pittsburgh 
Pennsyivama, durmg November 6-8 Further information 
can be obtamed from W M Bhagas, Crucible Steel Com- 
pany, PO Box No 7257, Pittsburgh 13, Pennsylvania 


A SYMPOSIUM on “The Toxicology of Cosmetic 
Materials” will be held at the Town Hall, Leamington 
Spa, durmg November 19-20, by the Society of Cosmetic 
Chemists of Great Britam Registration forms together 
with full details can be obtamed from the general secre- 
tary Mrs E Millman, 2 Lovers Walk, London, N 3 


THREE short courses are being organized by Bradford 
Institute of Technology durmg November on “Develop- 
ments m Polymerization’? (November 8-9), “Recent In- 
dustrial Applications of X-ray and Electron Diffraction” 
(November 14-15), and ‘‘New Techniques in the Study of 
Materials” (November 22-23) Further mformation and 
application forms can “be obtamed from the Registra, 
Bradford Institute of Technology, Bradford 7 


A SERIES of courses of special lectures m higher tech- 
nology will be held at Woolwich Polytechnic during 
the academic year 1963-64 These will mclude courses 
in mathematics, physics and telecommunications, 
chemistry, biology, cıvıl, mechameal and production 
engmeermg, electrical engmeermg, economics and 
management Further mformation can be obtamed from 
the Secretary, Woolwich Polytechnic, Woolwich, London, 
SEH18 


Tar ninth annual conference on “Magnetism and Mag- 
netic Materials’, sponsored by the American Institute of 
Physics and ‘the Institute of Electrical and Electronics 
Engmeers, will be held in Atlantic City durmg November 
12-15 In addition to the usual topics the Committee 1s 
encouraging papers relatmg to superconductivity and 
magnetism Further mformation can be obtained from 
Mr Wuham D Doyle, Franklin Institute Laboratories, 
Philadelphia 3, Pennsylvania 


Erratum There is an omission of two OH groups from 
the formula of ergoflavm given in the summary of Prof 
J Monteath Robertson’s presidential address to Section 
B (Chemistry) at the Aberdeen meeting of the British 
Association for the Advancement of Science, which appears 
on p 883 of the August 31 issue of Nature The formula 
should be 


OH OH O OH O 
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INDUSTRIAL AND AGRICULTURAL RESEARCH IN BELGIUM 


HE annual report of the Belgian Institute for the 
Encouragement of Scientific Research ın Industry 
and Agriculture for 1962+ records the award during the 


. -year of 62 subsidies totalling 303 million francs, on which 


319 research workers and 930 technicians were engaged 

Of this total, 65 mullion francs went to the National Centre 
for Metallurgical Research for work in physical and 
chemical metallurgy, on constructional steel and special 
steels and the metallurgy ofiron, ete Eight grants, total- 
ling some 20 4 millon franes, also went to the Centre for 
Scientific and Technical Research on the manufacture of 
metals The Commuttee for Mapping the Soil and Vegeta- 
tion of Belgium received a subsidy of 23 5 million francs, 
and the Committee for the Study of the Diseases and 
Nourishment of Cattle 16 7 million francs, while another 
16 million francs went to the Centre for Apphed Elec- 
tronics for investigations on impulsion circuits, dustrial 
control systems and of amplifiers, modulators and oscilla- 
tors for transistors The Road Research Centre received 
æ subsidy of 14 75 million franes, while the Scientific and 
Technical Centre of the Belgian Textile Industry was 
granted 115 million francs for research covering cotton, 
wool jute, linen, rayon and acrylic fibres Apart from a 
subsidy of 11 35 million francs to the Centre for Scientific 
and Technical Research of the Metal Manufacturing 
Industry included among the eight already noted, and 
one of 1075 milhon francs to the Belgian Society for 
Nitrogen and Chemical Pioducts of Marly, only the 
subsidies of 9 9 million frances to the National Committee 
for the Study of Fruit Cultivation and of 95 mullion 
francs to the Committee for the Study of the Solid 
State are worthy of special mention The Committee 
for the Scientific and Technical Study of Milk recerved 
58 milhon francs, the Committee for the Study of 


* Institut pour l’Encouragement de la Recherche Scientifique dans 
l'Industrie et l’Agriculture, Bruxelles Rapport Annuel, Exercice 1962 
Pp 277 (Bruxelles Institut pour l’Encouragement de la Recherche 
Scientifique dans l'Industrie et l’Agriculture, 1963 ) 


High Polymers 56 million franes for research on the 
behaviour of high polymers to irradiation on the degrada- 
tion of high polymers used as insulators, and on photo- 
polymerization, the Research Centre for Animal Breeding 
and Fodder in High Belgium 5 27 milhon franes, and the 
Scientific and Technical Research Centre for the Explo- 
sives Industry 5 25 million francs 

The only other grant of 5 million francs or more was 
to the National Centre for Herbage arid Fodder Research 
but 47 million francs went to the Belgian Institute fou 
Improvement of Beetroot, 43 mulhon frances to the 
Belgian Centre for the Study and Documentation of 
Water, for research including, besides investigations on 
potable and industrial waters, on corrosion and effluents, 
some work on atmospheric pollution, and 4 million francs 
to the Committee for the Study of the Structure of the 
Soul Among other large subsidies may be mentioned 3 8 
million francs to the Technical and Scientific Centre for 
the Brewing, Malt and Related Industries, 3 4 mulion 
francs for tobacco research, 3 4 million franes for investi- 
gations of vegetable reproduction, 3 1 million francs for 
work on the conservation of fruit and vegetables, and 3 1 
million frances for research on vegetable parasitology, 2 2 
million francs went to the Belgian Wood Centre and 
almost 2 milhon francs each to the Belgian Centre for the 
Study of Medicinal Plants, the Research Centre of the 
Belgian Ceramic Industry and the Committee for the 
Study of Agriculture Grants totalling almost 3 million 
francs went to the National Centre for Screntific and 
Technical Research for the Cement Industry, of which 
some 1 3 million francs were jomtly for the Scientific and 
Technical Centre for Construction for an mvestigation on 
the measurement of the resistance of bitumen to com- 
pression The report mdicates briefly the extent of the 
investigations for which the subsidies are given and 
includes a list of publications durmg the year dealing 
with the subsidized investigations 


CIVIL RESEARCH POLICY 


HE report of the F BI (Federation of British Indus- 
tries) Working Party on Civil Research Pohey* is the 
outcome of a remit from the Federation to consider 
recommendations as to how the Government should 
support civil scientific research and development in 
industry, bearmg m mind the possible lessenmg of such 
support for defence research and development, which has 
had valuable cvl application Part of the memorandum 
1s addressed to mdustry and part to the Government 
The prime concept of the report is the presentation of 
a case intended to find ways and means of mcreasing very 
substantially the financial resources to be put mto ervil 
research and development The magnitude of the target 
is 2 sum of £100 milhon per annum A considerable propor- 
tion of this, 1t 18 advised, should be spent as direct support 
of research and development in industry The responsi- 
bility for determimmg the allocation of such funds to the 
many claimants 1s recommended to be assigned to the 
Minister for Science, advised by a Council having presum- 
ably wide representation 
The followimg comments on the report ın question are 
based on a long experience in three distinet fields of 
scientific research m mdustry with a company noted for 


t Cuil Research Poley a Report of an F BI Working Party Pp m+ 
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1ts technological development; m the university, m charge 
of a technological department; and m research associa- 
tions, covering no less than seven m various capacities 
from member of research committees to Department of 
Scientific and Industrial Research visitor 
A very important statement of the Workmg Party 

amounting almost to a reservation, 1s 1ts expression of 
concern as to whether its ideas would be practicable m 
terms of man-power ‘This question, apart from the 
problem of finding the money, becomes the crucial one 
of the whole matter Mere multiplication of numbers will 
not give a corresponding increase of achievement im 
respect of fruitful research though ıt may give acceleration 
of the rate of progress at possibly a relatively mcreased 
price Rather should the means be sought of strengthenmg 
existing organizations This 1s m some measure advocated 
in the report, but rt 1s not suggested to apply m any 
marked degree to the mdustrial Research Associations 

Indeed as a broad generalization the Working Party says 

“We are bound to confess that the opmion im industry 
about Research Associations 1s not universally favour- 
able? But how could one m all seriousness expect a 
unanimous opmion from industry on so wide a matter? 
I suggest that on balance mdustry is favourably 
impressed by the system of Government-aided research 
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associations and by their achievements although it no 
doubt feels, as the report suggests, that methods of 
financmg may need recasting and particularly that the 
measure of Government financial support 1s madequate 
Jé is true that m the past there has been a serious lack 
of means ın Britain to put to ther fullest use the 
results of research For their part, the research associa- 
tions have not had m general the means to pursue active 
development ın this respect This function has been 
regarded as the responsibility of industry, but ıt becomes 
increasingly clear that the large-scale development of 
important research results must m the future become 
the responsibility of the scientist, the technologist, 
industry and Government, each playmg an appropriate 
part 

The research associations have in this connexion an 
important potentiality which a number of them have 
developed very successfuly, namely, the practicability of 
close collaboration between the technical elements of 
industry and the scientific staffs of the associations The 
technical staffs of dustry become closely associated with 
the progress of the work of projects m which they are 
interested There can be developed active collaboration 
by many avenues; co-operation of member firms m joint 
researches, conferences, jomt commuttees and frequent 
contacts between the technical staff of the works and the 
research station The imtelligence service of the research 
association alone is a powerful mstrument in developmg 
the growth of that research-mindedness which, as the 
report says, “cannot be achieved until all heads of 
companies become fully research mmded nor until 
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adequate status ıs accorded to those responsible for 
research and development in the busmess’’ This ıs done 
successfully ın some industries m Britaim and more 
often m some countries abroad, notably France On the 
other hand, the scientist should not expect the advocacy 
of his case to be undertaken by his lay brethren The 
attitude to be adopted should be that a worthy cause 
deserves support 

Noteworthy 1s the point in this respect that the many 
achievements of the research associations have been made * 
with only a small fraction of the public support that the ` 
Working Party now suggests as bemg necessary 

In the scheme advocated there could be new problems 
arising from lack of co-ordination, particularly m the 
privately mspired research and development contract, 
while at the same time there could arise a danger of 
over-rationalization by centralization of cıvıl work at 
fewer centres The secret of successful research I believe 
to be freedom from external mterference of the skilled 
team, for team ıt must be to-day m much applied research 
The largest organizations mevitably become unwieldy in 
admimustration To be able to remain successful they have 
to resort ultimately to decentralization There is a pomt 
of balance between the extremes of msufficrent and over- 
control, which may become a ciitical issue 

It should of course be reahzed that the elements of 
progress are at work all the time Often the most important 
are those about which there ıs least publicity It is to be 
hoped that those who are called on to operate the ‘priming- 
pump’ may have the wisdom to guide the stream rightly 
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THE MELLON INSTITUTE, PITTSBURGH 


HE fiftieth annual report of the Mellon Institute *, 
covermng the year ended February 28, 1963, includes 

a historical sketch of the development of the Institute 
written by Dr E R Werdlein 

Dr Weidlein traces the growth of the Institute and of 
the industrial fellowship established by Dr R K Duncan 
abt the University of Kansas m 1907, and the Department 
of Industrial Research he established at the University of 
Pittsburgh in 1911 with the support of A W and R B 
Mellon The Mellon Institute of Industrial Research and 
School of Special Industries was first established ın 1913 as 
a part of the University of Pittsburgh, becoming inde- 
pendent as the Mellon Institute of Industrial Research 
(shortened to Mellon Institute ın 1962) ın 1927, although 
it still mamtains close co-operation with the University 
Functionally a centre for pure and apphed research, 1b 1s 
also a clearing house for advanced sciontists and a clearmg 
house on specific scientific information At the end of the 
year, out of a total personnel of 573, 118 held Ph D s or 
other doctorates, 33 were M Sc s and 303 were employed 
in scientific activities, while in addition 49 specialized 
technicians and craftsmen were mainly concerned with 
servicing research projects Operating expenditure on 
independent and sponsored research amounted to 62 
mulon dollars, and 600,000 dollars were also spent on 
improvement of existing or purchase of new equipment 

In biochemistry, mvestigations of acid-fast bacteria 
established that y-amimobenzyl alcohol ıs hydroxylated 
to p-aminophenol, and a new pathway for the metabolism 
of p-amunobenzore acid has been established chemically by 
the use of radioactive isotopes The carboxypeptidase N 
of human plasma fraction IV-I that activates the hypo- 
tensive peptides, bradykmin and kalhdin, have been 
further mvestigated, and. a mica replica technique used to 
examine macromolecules and various polymers of myosin 
in the electron microscope In orgame chemistry the 


* Fiftieth Annual Report of the Mellon Institute for the fiscal year ended 
February 28,1963 Pp 48 (Pittsburgh Mellon Institute, 1963 ) 


rotational isomerism of some mono- and di-substituted 
propenes has been investigated by nuclear magnetic 
resonance spectroscopy, cvs, cs, cis-1 4 1-cyclonona- 
trene synthesized from indane in seven steps and also 
the pseudo-aromatic hydrocarbon, hexaphenylpentalene, 
and dioxocyanogen, the first difunctional mtruoxide A 
multi-state mechanism has been proposed for homo- 
geneous 10n1¢ polymerization, studies of the statistical 
thermodynamics of dilute polymer solutions contmued in 
an examination of the equation of state for solutions of 
branched polymers, and the light-scattering behaviour of 
dilute solutions of macromolecules was studied as a func- 
tion of temperature with a precision photometer having 
close temperature control, high angular resolution and sig- 
nal stabilty In geochemistry, mvestigation of the origi 
of stony meteorites was a major project, and m morgante 
chemistry the study of the geometric isomerism of the 
diphenylalkylphosphine complexes of mekel halides con- 
tinued, new routes to compounds containing four-mem- 


bered heterocyclic rings "of the type metal = metal 


were discovered for nickel, cobalt, iron, manganese and 
molybdenum, and a unique chemical system capable of 
carrying molecular oxygen or hydrogen 

In physical chemistry, investigations of the scattering 
of electrons by molecular gases were initiated and experi- 
ments on the vibrational spectra of various compounds 
completed, while the structures of tetraphenylsilicon and 
tetraphenyltm were refined by full-matrix ‘least-squares’ 
techmque using anisotropic temperature parameters for 
all atoms In radiation chemistry, investigations of the 
reaction kinetics of halogenated radicals have been ex- 
tended to the examination of the relative rates of com- 
bmation and disproportionation of trichloromethyl 
radicals with various other radicals In contimued 
investigations of thenormal stress effect, the concentration- 
dependence of solutions of poly:sobutylene m cetane has 
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been studied in steady-study torsional shearmg between 
two parallel circular disks and between a cone and a disk 
Work continued on. the development of new methods for 
obtaining accurate solutions of the molecular Schrodinger 
equation, and m metal physics tensile deformation 
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investigations were carried out of the close-packed hexa- 
gonal copper-germanium phase, while the deformation 
stacking fault probability was measured in dilute intra- 
noble metal alloys contaming up to 5 atomic per cent 
solute A list of publications 1s included 
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WHEAT GENETICS 


HE second International Wheat Genetics Symposium 
was held durmg August 19-24 at the University of 

Lund, Sweden The meetings produced a broad survey of 
many recent advances m knowledge of the genetical 
architecture of the hexaploid wheat of commerce, Triticum 
aestivum, and of some of its relatives m the genera 
Troicum, Aegilops, Agropyron and Secale Naturally, 
considerable attention was directed to ways ın which the 
new information could be exploited ın the improvement of 
the crop, but smce wheat offers many unique opportunities 
for genetical work there was no restriction to topics of 
unmediate practical rmportance 

For example, R © F. Macer (Great Britain), R G 
Anderson (Canada), D B Knott (Canada) and A T. 
Pugsley (Australia) considered the genetic control of re- 
sistance to stripe rust, leaf rust, stem rust and powdery 
mildew respectively In the mam, simular patterns of 
major gene effects are responsible for differences m 
resistance to all four fungal pathogens, and, as was pointed 
out by W Q. Loegermg (United States), alleles for resist- 
ance or susceptibility in the host could be matched by 
alleles for avirulence or virulence in the fungus, provided 
the latter had a sexual stage Basic mformation of this 
type has a direct practical value since the recognition of 
the mode of mbheritance greatly facilitates the use of 
genetically determimed resistances m breeding pro- 
grammes Moreover, in all these instances the genes 
for resistance are being isolated, m otherwise equivalent 
genetic backgrounds giving full susceptibilty, so that 
differential hosts will be available that wil permit accurate 
assessments of the virulence genotypes of pathogens 
isOlated m the field 

The practical importance of mcorporating, m wheat, the 
genetically determined disease resistance of other species 
was widely accepted during the Symposrum The isolation 
against the wheat background was reported of single 
chromosomes from Agropyron giving resistance to stripe, 
stem and leafrust by A Wienhues (Germany), Y Cauderon 
(France) and D. R Knott (Canada), and of one giving 
resistance to the wheat streak mosaic virus by E E 
Sebesta (Umted States) R C F Macer (Great Britain) 
end C J Driscoll (Australia) reported that single chromo- 
somes of Secale, isolated agamst a wheat background, 
would give resistance to stripe rust and leaf rust In 
several instances, use was bemg made of translocations 
uiduced by irradiation to transfer to a wheat chromosome 
the critical segment of the ahen chromosome giving 
disease resistance 

A remarkable piece of engineermg of this type was 
deseribed by D R Knott (Canada) It mvolved the trans- 
fer of Sr6, a gene piving stem rust resistance carried on 
chromosome 2D of the D genome of T aestwum, to T 
durum, a tetraploid in which chromosome 2D has no 
homologue Chromosome 2D was isolated, by back- 
crossing, against the T durum background and a satıs- 
factory translocation of Sr6 to a chromosome of T durum 
was induced and made homozygous Not only 1s a new 
form of resistance now available at the tetraploid level, 
but also the Sr6-carryming tetraploid can be crossed to 
T aestivum and the gene, m 1ts new position, back-crossed 
into the hexaploid, and so obtamed ın four doses Whether 
dupheation of the gene will show a dose offect that 
improves disease resistance remains to be seen A possible 
alternative to the mtroduction of alien variation by 
translocation might be to substitute a pair of alien 


chromosomes for a pair of wheat chromosomes This can 
be achieved by sequences of hybridizations between 
various aneuploid ines A Wienhues (Germany) descnbed 
the substitution of Agropyron pairs for wheat pairs, and 
B C Jenkins (Canada) the substitution of Secale pairs for 
wheat pairs There was some discussion as to whether an 
alien pair could only be expected to replace a homoeologous 
wheat pair with which ıt had a common evolutionary 
origin, but msufficient evidence 1s as yet available to 
clarify the issue 

H Kihara (Japan) described the production of male 
sterile forms of wheat by the substitution, by back- 
crossing, of the wheat nucleus mto the cytoplasm of 
various other species, while J. W. Schmidt and V A 
Johnson (United States) outhned the discovery and use 
of genes that restore male fertilty This work clearly 
indicates that the commercial exploitation of hybrid 
wheat may soon be possible It is not yet known whether 
there will be sufficient hybrid vigour to produce an 
increase in yield adequate to cover the increased cost of 
seed production—-an merease in yield of about 20 per cent 
is estimated to be necessary Moreover, many hold that 
genotypes giving the greater yields should be fixable by 
selection in the derivatives of hybrids showmg heterosis, 
although this ignores the probable difficulties of breaking 
some repulsion linkages in a few generations of recombina- 
tion, 

The accumulation of conventional linkage data has 
been very slow in T aestwum, but E R Sears (United 
States) demonstrated how this could be remedied by using 
telocentric chromosomes to estimate lnkage distances 
between single major genes and the centromere In this 
way some lhnkage mformation has already been obtamed 
about chromosomes 3B and 6B Although aneuploidy has 
been of the utmost value im the genetic analysis of T 
aeshwwum, as was demonstrated by R I Larson (Canada) 
and J Kuspira (Canada), 1t has been less useful with the 
tetraploid wheats——-presumably because they have fewer 
dupheate loc: and are consequently mtolerant of aneu- 
ploidy However, M Noronha-Wagner and T Melo- 
Sampayo (Portugal), working with T durum (a tetraploid), 
have been able to hold the nullsomic or monosomic 
condition for some chromosomes provided that there was 
compensation for the deficiency by extra dosage of the 
homoeologue in the other genome Of interest was the 
fact that there 1s some tendency for homoeologous chromo- 
somes to pair at meiosis when m the monosomic-trisomic 
condition, despite the normally diploid-hke meiotic 
behaviour of the tetraploid wheats 

R Riley (Great Britam) provided confirmation of the 
hypothesis that homoeologous merte pairmg and 
recombination occur when the restricted pairing specificity, 
imposed by the activity of chromosome 5B, ıs relaxed 
Moreover, the relaxation of specificity permitted the 
incorporation m wheat chromosomes, by recombination, 
of segments from the chromosomes of other species m a 
manner that was otherwise umpossible In a parallel 
investigation of the same system, M Okamoto (Japan) 
had selected induced mutants that altered the activity of 
chromosome 5B in the regulation of meiosis He indicated 
the likelihood that such mutants could be stabilized m 
stocks that would have considerable potential value m 
practical breeding work 

C F Konzak (Umted States) and R E Scossiroh 
(Italy) considered the value of induced mutations ın wheat 
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breedmg and both emphasized the particular value of 
changes that affect quantitative characters. The genetic 
analysis of the protem quality of the gram was discussed 
im relation both to the physical causes of the different 
properties of flours and of their assessment m small-scale 
tests Finally, no ultimate verdict was possible by J 
Mac Key (Sweden) or M. S. Swamunatham (India) on the 
true nature of the genes on the pronounced effects of which 
are erected many taxonomic categories in. Tretecum. 
Wheat 18, with rice, the prme:pal food crop of the 
world and to a considerable degree its present pre- 
eminence 1s owed to its extreme genetic versatilty. The 
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second International Wheat Genetics Symposium marked 
a further advance m our comprehension of this versatility 
and confirmed that the cytogenetic structure of T. aestwum 
continues to be the subject of mtensive mvestigation m 
many parts of the world. Indeed there were several 
workers from the USS R. present, all of whom treated 
the genetics of wheat from the Lysenkoist pomt of view. 
That some of the fundamental cytogenetic mvestigations 
of the past have already been turned to practical account 
is gratifyimg, and promises well for the future of the more 
thorough understanding that we are now attamme. 
RaPH RILEY 


TEACHING OF BIOLOGY 
By Dk GARTH UNDERWOOD 


University of the West indies, Trinidad 


HERE has been considerable recent discussion of 
the effect on the teaching of biology of the growmg 

field m which the traditional distinction between botany 
and zoology 1s disappearmg Catcheside! and Darlington? 
put forward proposals for teaching the biological sciences 
which brmg together microbes, plants, animals and man 
Their proposals, however, still retam the divisions of 
biology ito such aspects or “disciplines” as genetics, 
ecology, taxonomy and physiology 

These several biological disciplines grew up separately 
at a time when there was no general body of biological 
theory to relate them to one another They started as 
mductive sciences Investigators at this stage were 
trying to ask the mght questions and to devise techniques 
to obtain the answers Discussion of techniques figured 
largely m the discussion of the results and theories were 
fragmentary and controversial The attention of each 
investigator was understandably turned m on his own 
feld, at this stage other fields had little to offer him. This 
was the period durmg which there developed a deep gulf 
between field and laboratory This period also produced 
some biologists who now look rather strange the bio- 
chemist to whom a rat was the anımal reared im the room 
at the end of the corridor, the taxonomer m a dusty 
museum whose study was, as Philip Gosse pomted out a 
hundred years ago, not so much biology as necrology, the 
geneticist who had no idea where to start looking for a 
Drosophila in. the field, the physiologist who did not know 
the systematic relationships of (or sometimes even how to 
identify) the organisms which he studied Parenthetically 
it may be remarked that this 1s perhaps why the origin 
of new adaptive features remams an obscure problem? 
An account of the origin of a new feature would require a 
knowledge of its structure and function, of its genetical 
and developmental determination and of the habits and 
ecology of the organism; m other words, a synthesis of 
the disciplmes which have usually been studied separ- 
ately. 

I would hike to offer some suggestions armed at achieving 
a greater mergmeg of these several aspects of biology as well 
as a merging of plant and animal studies We are still 
far from bemg able to proceed i a series of deductive 
steps from srmple molecules to twentieth-century human 
society , however, we can now suggest the limes along which 
large areas of biology may be linked together Organisms 
have been most studied as individuals Bacteria, protist 
and higher plants and animals represent three grades of 
individual organization Genetics has an important 
contribution to make to the discussion of cellular structure 
and function and, m the case of the higher organisms, to 
the orgamzation of the development of the imdividual 
Consideration of the higher organisms leads to the struc- 
tural and physiological differentiation of tissues and 
organs Some topics such as animal behaviour and loco- 
motion remain frankly zoological Such relationships as 


that between insect and flower, host and parasite, mimic 
and model or between the bees in a hive can be looked on 
as special cases of relationship between mdividuals 

Studied as mdividuals organisms can, however, be 
understood only m part ‘This leads us to the study of 
populations A consideration of populations mvolves 
such topics as population dynamics, territory, living space, 
overt and concealed polymorphism, natural selection, 
geographic variation, reproductive isolation and the nature 
of species The rules for dealmg with lower taxonomic 
categories follow quite naturally on discussion of species 
A number of special relationships already examined at the 
mdividual level may now be studied at the population 
level, insect and flower, host and parasite, mimic and 
model are viewed from a different angle 

From the relatively simple relationships between 
populations just mentioned we can proceed logically to 
the complexity of major communities Here a number 
of ecological ideas such as mehe, trophic-level and pyramid 
of numbers can be introduced The grades of mdividual 
organization and the metabolism of plants and animals, 
already examimed, now take on a new significance in the 
new context From the exammation of community 
structure we may proceed to a review of the adaptive 
diversity of plants and animals, a review of the niches 
which are actually filled 

Living organisms will now have been mvestigated as 
individuals, m populations and as members of communi- 
tes It remams for the student to recogmze that recent 
living organisms have a long evolutionary history behind 
them that the present cannot be fully understood without 
reference to the past This leads us to consider temporal 
changes m the physical environment, the fossil record 
and the evidence on which phylogenetic schemes are con- 
structed, here morphology has a major place and bio- 
geography and the comparative approach to physiology, 
biochemistry and cytology can be considered To present 
the findings of phylogenetic studies, rules for the treatment 
of higher taxa are necessary. The actual results of phylo- 
genetic studies can now be reviewed in outline m the form 
of a historical survey of plants and animals and a classifica- 
tion, of recent organisms 

Man will have furnished good ulustrative material for 
some of the earlier parts of the course such as the nature 
of gene action, natural selection and population dynamics 
An important part of the general educational value of a 
biology course, however, hes m the hght which 1t throws 
on man himself Such a course could well conclude by 
taking a look at man m the hght of biological knowledge 
the origm of man, genetics and physical anthropology, 
the domestication of plants and animals, population 
studies, food supplies, disease, radiation hazards and, 
finally, man ın space 

The conventional ‘packagmg’ of biological teaching 
made it easier for the student to leave out important 
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aspects genetics because he had trouble with ratios, 
physiology because his experiments never seemed to 
work, ecology because the lectures of Dr X were dull 
A greater merging of these branches of biology will help to 
create an atmosphere m which ecology or genetics could 
no more be left out than the cell theory or water and 
carbon dioxide The greater maturity of the branches of 
biology means that the presentation of conclusions of 
general significance 1s less dependent on an explanation of 
techniques, there ıs therefore less chance that a student 
will fail to appreciate important conclusions because of 
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his difficulties with the way ın which the conclusions were 
reached Biology can thus be presented as a subject 
which has matured to the pomt that every branch has some 
bearmg on every other branch, the student can be brought 
up to feel that the physiologist who knows nothing of 
genetics, the taxonomer who is unacquainted with the 
science of ecology and the biochemist who 1s ignorant of 
evolutionary theory are biologically uneducated 


1Catcheside, D G , Nature, 197, 427 (1963). 


2 Darlington, © D , Nature, 199, 117 (1963) 
3 Berry, R J,and Searle, A G, Proce Zool Soe London, 140, 577 
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3 : 5-DIHALOGENO-4-HYDROXYBENZONITRILES AS HERBICIDES 


3 : 5-Dihalogeno-4-hydroxybenzonitriles : New 
Herbicides with Molluscicidal Activity 


2 4-DINITRO-6-METHYLPHENOL (DNC) ıs a herbicide 
with high contact phytotoxicity which has been used in 
agriculture for many years, especially for the destruction 
of broad-leaved weeds in cereal crops The activity of this 
molecule is specifically related to the presence of ~NO, 
groups ın the 2- and 4-positions to the -OH group though 
the 6-methyl grouping can be replaced by hydrogen or 
certain other alkyl groups without appreciable loss of 
phytotoxicity 

I have mvestigated the capacity of DNC and other 
aromatic nitro compounds to form intermolecular com- 
plexes with amines and hydrocarbons? In the first of 
these investigations! ıt was established that the ~NQ, 
groupsinl 3 §-timitrobenzene can be replaced by -ON 
without destroying the capacity to form molecular 
compounds, though the effect of the —NO, group m 
promoting compound formation was found to be greater 
than that of -ON Ib was concluded from this work that 
the inductive effects exerted by these groupings m the 
benzene ring are simular in magnitude 

Such considerations led me to make a systematic 
investigation of the effects on herbicidal action of replacing 
the —NO, groupsin DNC by -CN A number of derivatives 
of 2- and 4-hydroxybenzonitrile wero therefore synthe- 
sized, and ther activity as weed-killeis was assessed by 
standard methods In genoral, poor pei formance only was 
shown by derivatives of salicylnitrilo, but a number 
of compounds derived from 4-hydroxybenzonitrile were 
shown to possess outstanding herbicidal activity The 
most promising of these, first tested m June 1959, was 
3 5-duodo-4-hydroxybenzonitrile (later referred to as 
1oxynil) 

The 3 5-drtbromo analogue (broxynul) also showed high 
activity but the corresponding dichlo.o-derivative was 
much less active The water-soluble sodium, potassium 
and ammonium salts of 1oxynil and broxynil and. certain 
of their esters were piepared during 1959-60 and tested 
against a range of crop and weed species It was soon 
established that they are capable of destroying the tissues 
of many plants when apphed as a spray at concentrations 
as low as 250ppm The effect ıs entirely that of a contact 
herbicide and no systemic actrvity has been observed The 
compounds become imactirvated by contact with soil 
Against most plant species the phytotoxicities of 1oxynil 
and broxynil are considerably greater than that of DNC, 
but, as with this compound, the differential wetting 
concept enables them both to be successfully used for 
destroying broad-leaved, weeds mm certam monocotyle- 
donous crops Ioxynil was tested for me by P H Rosher 
in Trmidad against a range of tropical crop and weed 
plants im December 1959 Most species were seriously 
affected or killed by a spray contaming 1,000 ppm, 
grasses, millet and maize showing the least damage Since 
that time a number of trials have been carried out by P 
Cozens, Miss L MacDonald and D H Bartlett at this 


College both with ioxynil and broxynil The forme: has 
always proved to be the more effective compound In two 
trials designed to examune their capacity for the destruc- 
tion of potato haulm, both substances gave excellent 
results 

Investigations of the mode of action of these compounds 
are being carried out by my colleagues and me and it has 
now been established by M Kerr that the substances are 
strongly active ın uncoupling oxidative phosphorylation 
within plant tissues Since this property 1s shown also by 
DNC and by pentachlorophenol, both of which are good 
molluscicides, steps were taken to examime toxynil and 
broxynil for their capacity to kill snails This work was 
carried out for me by J Duncan, of the Tropical Products 
Reseach Unit, Department of Technical Co-operation, 
who has consistently shown 1oxynil to have an LC; of 
about 05 ppm and broxynil about 2 ppm when 
tested as ther sodium salts against Australorbis glabratus, 
a snail host of Schistosoma manson, the causative 
agent of intestmal bilharzia Agamst another species, 
Biomphalaria sudanica, also a snail host of S mansoni, 
the LC; was <1 0ppm forioxyniland <30ppm for 
broxynil Toxynil has also been shown in immersion tests 
to be some ten times movie effective than metaldehyde 
against several molluse species by I F Henderson. and 
P F Newell at Rothamsted Expe1imental Station The 
compound, however, has no attractant properties . A 
small-scale test of 1oxynil for controlling wate: hyacmth 
(Eechhornia crassipes) has been carried out m Egypt 
with promismg results The destruction of this weed, 
which impedes water movement m the irmgation canals, 
1s an urgent problem, and supphes of the compound have 
been sent to Egypt for further trials to be undertaken 
The possibility of destroying water hyacmth and control- 
ling the vector of bilharzia sumultaneously with 1oxynil 
would appear to warrant mvestigation 

R L Wain 
Wye College 
(University of London), 
Near Ashford, Kent 


1 Bennett, Q M,and Wam, R LL, Chem Soc , 1108 (1936) 
*Wain, R L, Ann App Bol ,29, 801 (1942) 


Herbicidal Action of 3 : 5-Dihalogeno-4- 
hydroxybenzonitriles 


THe isolation of the plant growth regulator mdolyl-3- 
acetonitrile from cabbages by Henbest ef al! in 1952 
directed some attention on the role of the nitrile group, 
more particularly when it was later shown by a number of 
workers that this molecule was active per se and that 
activity was not solely dependent on the conversion of the 
nitrde mto the carboxylic acid Since then several 
heibierdally active nitmles have been deserbed, for 
example, diphenylacetonitrile?, triazme nitriles?, and more 
particularly 2 6-dichlorbenzonitrile’ (I) Jt seems clear 
that there ıs no rational or predictable relationship between 
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the spectrum of herbicidal activity (if any) of the aromatic 
nitriles and the corresponding carboxylic acids. Nor 
indeed has any clear pattern of structure-activity relation- 
ship yet emerged in this class. This topie has recently 
been reviewed by Barnsley and Yates'. 

A considerable number of nitriles was accessible in our 
laboratories as a result of earlier chemotherapeutic work 
on amidines, and a search for useful herbicidal activity 
among these was, therefore, attractive experimentally, 
albeit empirically. One outcome of this work has been to 
uncover a high level of activity in 3 : 5-dihalogeno-4- 
Ahydroxybenzonitriles (TT). 


No. 4901 













X = I Mand B 8,873 





$ 
| A = Br M and B 10,064 
Ax% ^ X= Mand B 9,895 
x ( x 
H 
(I) dichlorbenil (1) 


Although some formal chemical resemblance exists 
>. between I and II in that each contains a benzene ring, an 
> aromatic nitrile and two halogen atoms, it seoms that the 
type of herbicidal activity is so different as to imply 
- fundamentally different. modes of action. Thus I is active 
-cas a pre-emergent herbicide whereas the 4-hydroxy 
--benzonitriles' so far examined. possess much greator 
activity when applied as a foliar spray. Moreover, the 
position of the halogen atoms in relation to the nitrile 
group which is required for maximum activity is quite 
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different. Thus, if the halogen atoms in Lare in the:3 ; 6 
positions or in II are in the 2 ; 6 positions the nitriles are 
very much less active. That the nitrile group is an impor- 
tant part of the molecule is shown by the. twenty-fold 
diminution of activity of the corresponding 4- hydroxy 
3: 5-dihalogeno benzoie acids, 

Field trials of M and B 8,873 and M and B 10,064 as a 
foliage spray are in progress on cereals and some legumin- 
ous crops. The results so er avail ble rae the corner 
work i in te et riya at most. ce 









tions, with he aid pe "radionet 
in hand and the results so. fe icate © 3 
fairly rapid disappearance of both compounds f fre rom. n troated 
wheat, oats and barley. Sn Be a es 
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MANGANESE eo 


By Dr. J. B. PASSIOURA and Pror. G. W. LEEPER 


Department of Agricultural Chemistry, University of Melbourne 


AN GANESE deficiency disease, best known as the 
See characteristic ‘grey-speck’ of oats, has long been a 
ee aolontifia puzzle, It oceurs characteristically on soils in the 
pH range of 6-5--8- 0 (sometimes outside), and characteris- 
-tically (though not exclusively) on sandy and on peaty 
soils. Two reasons have been given for the unavailability 
me of: manganese to oats and other sensitive plants growing 
on these soils. Firstly, that practically all the man- 
-panese has been biologically oxidized to the higher in- 
oluble oxides (collectively denoted here as Mn0O,). 
econdly, that the manganese retains its valence of two 
is held in such a strong covalent link by organic 
loids that the root cannot obtain its necessary supply of 
ounce per acre. 'This second reason does not concern 
ere, and we have produced much. theoretical and 
menti dence against it elaewhere!. - 
nation, depending on the- insolubility of 
. Against it we have the many 
curing. ‘grey-speck’. with — finely 
2 including the ‘product of micro- 
Sensitive plants growing on neutral and 
may. be healthy at very low contents of 
le manganese so long as there is ample MnO, 
lo with the gentle. reducing agent quinolt. 
rer, there are still many exceptions to this last 
jon, Some neutral soils are healthy in spite of a low 
tent of quinol-soluble manganese, and some, especially 
leficient in spite -of a high content. 
| typically loose and open, and their 
ional ‘behaviour onami that the availability of 
anganose may be related to the degree of compaction. 
We have compacted two soils on which ‘Algerian’ oats 












































oth in pots in the greenhouse and in plots in the 
; tho disease was mostly cured, with up to a 


weal variety) showed severe ‘prey- -speck’, and have — 


50-fold increase in grain production. The two soils were: 
(a) the fine sandy loam from. Mount Gambier, South 
Australia, a young soilt formed on calcareous basaltic tuff, 
pH 7-4; its bulk density was 0-85 uncompacted, 1:0 com- 
pacted: (b) the sandy loam of the grounds of the. Univer- 
sity of Melbourne, an imported soil® which has been ên situ 
for more than fifty years, pH T4; bulk density 1-2 uncom- 
pacted, 1-5 compacted. Even in its compact state this 
soil was permeable, and in the plot test on the morning 
after a rain of 4 om there was n > water lying on its surface. 
The pot tests were done either in an u ted glas house 
or under a glass canopy in a n 
x 20 cm glazed. ceramic pot 
ing, successive lots of 700 
pot and given a set num 
Proctor hammer, namel 
one lot of 15 and one of 
Water was added to keep 
a figure found to equ 
With the Universit: 
Algerian. oats (a sensitive vari 
2-3 g on compacted soil; that of 
variety) was 1:3 g on. loose 30 BNC x 
On the plots in the open, effect of compaction 
was healthier growth and t ks advance in heading. 
Quantitative results are not quoted since nimi on was 
damaged by compacting on one of the six sque 
lots. si 
i Two soils from Mount: Gasnbier were ust 
manganese added at any time, and My 
same source, but having been mixed. 2T 
with a synthetic reactive MnO, at the rate of 80 
manganese. This residual manganese was a most useless 
on the loose soil (its initial good effect having disap- 
peared after about ten years), but it was valuable on the 























T: ees and 
lestir ats (a tolerant 
z on ‘compacted soil. 























30 e 





Fig. 1. Roots of Algerian oats growing on University soil. Left, loose 
soil; right, compact soil (both e. x 2) 


compact soils. Two degrees of compaction were used, as 
here. With the greater degree of compaction (B) there 
was much more growth than with the leaser (4), both of 
Algerian on soil M and of Palestine on the control soil 
(Table 1). While the bulk density of B was only 4 per cent 
greater than that of A, the resistance to a penetrometer 
needle was almost twice as great. 
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tion; and less oxygen is available for the normal microbial 
oxidation which converts the mobile manganous ion into 
MnO,. This explanation is mistaken. First, the man- 
ganous ion extractable with HNaCaEDTA at pH 8 after 
Beckwith’? was 0-3 p.p.m. on loose and compact alike. 
Secondly, the pH of the soil solution is not lowered 
sufficiently to account for the effect; when carbon dioxide 
is circulated through the Mount Gambier soil in amounts 
such as to reach twice the concentration (0-5 per cent) 
found in the corresponding compact soil, the plants show 
no improvement. Thirdly, the diffusion of oxygen in the 
compact University soil has been measured using a 
platinum electrode after Lemon and Erickson? and is no 
less than in the loose soil. Fourthly, the bulk density of 
the Mount Gambier soil after compaction was only 1-0. 
Further, all such explanations ignore the fact that man- 
ganese deficiency is typically a disease of the wetter and 
cooler climates of the world, where aeration might 
generally be expected to be less than in the drier and 
warmer climates. 

A more satisfactory explanation follows from the 
theory that the reserve of available manganese in a neutral 
soil consists of reactive MnO, which is insoluble in water 
but capable of rapid dissolution by mild reducing agents 
such as neutral quinol’. We suggest that the root itself 
acts by a ‘contact reduction’, analogous to the ‘contact 
exchange’ proposed for cations in general by Jenny 








Table 1. YIELD OF DRY MATTER (g) OF OATS GROWN ON MOUNT GAMBIER ef ql.®, and that compaction works by increasing the 
primera aaa es ve soil area of contact. As is shown in Fig. 1, the roots 
Soil Oat variety Loose Compact A Compact B growing in the compact soils were short and stubby as 
K Algerian: -039 1o Ee compared with those in the loose soils. Their irregular 
M Algerian 0-91 2-66 3-57 outlines indicate moulding by the tight-fitting soil, They 
Bulk density 0-85 0-99 1-03 also had far pee hairs; this eo gs pi oe 
ere : ; prising, but what seems to matter is the total area o 
The distribution of pores in the potted soils of Mount Contact rather than the existence of numerous points of 
Gambier was measured by pressure-plate (Table 2). The contact. The total dry weight of root was always greatly 
loose and compact soils have much in common, the main superior in the compacted soils, being proportional to the 
difference being in the largest pores of all (drained at 10) spo. ground weight. 
cm tension, equivalent to 3004 diameter). The two Occasional observations have previously been. made of : 
degrees of compaction give almost identical curves; the better growth after rolling’!1, but have been explained in T 
difference between these two soils is in their shear strength, the conventional w ay which we think is mistaken. Grey- ; 
not in their aeration. The aeration of both appears from speck of oats has always Beon ienowi O be: a patchy | 
Table 2 to be adequate. ; disease. This can be easily understood if it depends i 
The conventional explanation for thus overcoming the mainly on the compaction of the soil. 
deficiency would be as follows. The more compact soil is l x 


aupposed to be less freely aerated, so that more carbon 
dioxide accumulates, so lowering the pH of the soil solu- 
Table 2. AMOUNTS OF WATER HELD AT VARIOUS TENSIONS BY MOUNT 


GAMBIER SOIM, LOOSE AND TREATED TO LOWER DEGREB (4) AND HIGHER 
DEGREE (B) OF COMPACTION. g WATER PER 100 g DRY Som 


3 Passioura, J. B., and Leeper, G. W., Agrochimica (in the press). 

* Jones, L. H. P., and Leeper, G. W., Plant and Soil, 3, 141 (1951). 
? Bromfield, 8. M., Plant and Soil, 9, 325 (1958). 

‘Leeper, G, W., Nature, 184, 972 (1934). 


aii J. A., and Piper, ©. S., Trans. Roy. Soc. S. Austral., $8, 106 


Tension Loose Compacted *Leeper, G. W., Proe. Rey. Soc. Vic., 47, 225 (1935). 
em water A B ? Beckwith, R. S., Austral, J. Agric, Res.. 6, 299 (1955). 
0 70 63 64 * Lemon, E. R., and Erickson, A. E., Proc. Soil Sci. Soc. Amer., 16, 160 
10 60°36 570 67-4 (1952). 
‘ae ae tr rie * Jenny, H., Mineral Nutrition of Plants (Univ. Wisconsin Press). 
340 99-9 31-5 31-7 10 Samuel, G., and Piper, C. S., J. Agric. S. Austral., 81, 696 (1928). 
1,000 29-4 26-8 26-6 11 Steenbjerg, F., Tids. Planteavl, 39, 428 (1933). 
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:YN order to carry out gut perfusion investigations on the 
-A components of liquid glucose it was necessary to isolate 
dextrose oligosaccharides in 50-g quantities. The charcoal- 
‘Celite’ colamn chromatographic technique of Whistler 
and Durso! was applied to selected starch hydrolysates. 


Analysis of commercial- and laboratory-made starch 
hydrolysates by the technique of Patterson and Buchan? 
revealed that the richest source of maltotriose was a 
laboratory-made starch hydrolysate using salivary amylase 
and maize starch. The richest source of maltotetraose 
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was obtamed by fermenting liquid glucose (high dextrose 
equivalent) with Saccharomyces cerevisiae By these 
means the starting materials were prepared so as to con- 
tain about 30 per cent w/w of each oligosaccharide respec- 
tively 

The maltotriose-rich material was prepared as follows 
Human saliva was collected, during stimulation from 
chewing paraffin wax, and centrifuged to remove the 
mucin. The saliva was stored at 0° C under toluene and 
used without further purification About 15ml saliva was 
allowed to act on 200-g maize starch for 24 h at 30° C and 
pH 48 The reaction was stopped by boiling, followed by 
centrifugation to remove insoluble dextrins The cyclone 
concentrated hydrolysate was stored at 0° C until required 
for application to the charcoal column ‘To prepare the 
maltotetraose rich material a seed culture of Saccharo- 
myces cerevisiae (NC Y.C 240) was sub-cultured m corn 
(maize) steep liquor (20 ml), dextrose (50 g), and water 
(to 11) The sub-culture was incubated with 100-ml 
portions of high dextrose equivalent liquid glucose (special 
enzyme syrup prepared by Manbré and Garton, Lid) 
(200 g) contaiming urea (11 g), dipotassium hydrogen 
phosphate (11 g), potassium dihydrogen phosphate 
(07 g), magnesium sulphate (07 g), calcium chloride 
(0 2 g), and water (to 21), at 20° C and pH 69 After 
150 h the fermentation liquors were filtered to remove the 
birt cells and cyclone concentrated prior to storage at 
0° 

The 36-ın column used for the separation work was 
composed of 460 g of charcoal (suppled by Sutcliffe, 
Speakman, Ltd, Leigh, Lanes , quality 130 in air-tight 
canisters) and 230 g of ‘Celte’, Johns-Manville grade 545, 
supported ın a glass pipe of 2-in diameter, and resting on a 
grade 2 porosity sintered glass disk (The column 1s 
fabricated from standard QVF parts) The whole 
column was surrounded by a water jacket, the connectors 
of which were coupled to the external circulator pump of a 
temperature-controlled bath, the temperature of which 
could be varied between 20 and 60°C The top end of the 
column was closed by a reducing piece, held in place by 
standard flanges, and topped by a glass tube entering 
through a B24 standard jot secured by springs The 
glass tube reached near to the surface of the carbon 
column This tube was connected by a Y-piece to the 
lower liquid connexions of the two solvent reservoirs, 
containing the eluant, which were immersed in the water 
of the temperature-controlled bath The gas connexions 
to these reservoirs were connected to a compressed air 
supply at 5 Ib /im? and to a manometer and bubbler 
Tho manometer reading served to confirm the gauge 
reading and the bubbler gave visual confirmation of a 
continuing gas supply The lower end of the column was 
closed by a B50 standard joint fitted with a sintered glass 
disk which supported the column ‘This was in turn 
supported by a slotted panel cushioned with rubber 
Below this section was a B19 standard jomt supported by 
springs and fitted with a glass tap The outlet of this tap 
led to a chain of fraction cutting T-pieces which operated 
with hydrostatically controlled non-return valves These 
were fitted to litre collecting flasks, and the last flask was 
open-ended. 

The column with the bottom parts well greased and 
securely connected was prepared as follows: the charcoal 
and ‘Celite’ were intimately mixed to a homogeneous 
powder, 2 1 of boiling distilled water were added with 
stirring, and the whole was thoroughly mixed to a homo- 
geneous slurry This was poured into the column and any 
entrained air was removed by agitatmg with a glass 
drumstick-shaped plunger, which was worked vertically 
to give a smoothly mixed slurry in the column As more 
slurry was added, the plunger was removed and finally the 
last few portions of slurry were added as the column 
settled When the column was full, the top fittings wore 
well greased and securely connected and cold boiled 
distilled water passed through unt] at least 5 I were 
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collected The top surface of the column should be just 
below the end of the mam glass pipe This surface was 
covered with a circular wire gauze disk supporting a filter 
paper disk. 

The column was loaded by allowmg the water-level to 
fall until ıt was immediately above the filter paper disk 
The syrup or sugar solution containing about 25 g carbo- 
hydrate was added, by way of the opened standard joint, 
and allowed to drain into the column As the level of the 
surface layer of syrup approached the column surface rb 
was washed in with successive small amounts of boiled 
distuled water. The standard jomt was then replaced 
securely and the eluant passed through the column at 
5 Ib /in? above atmospheric pressure The eluant com- 
position and the temperature were varied in accordance 
with reqmrements The litre fractions were successively 
analysed by the orcinol method’ for the presence of carbo- 
hydrate. 

In order to elute maltotriose from the maltotriose-rich 
starting material, dextrose and maltose and any other 
mono- and di-saccharides were eluted simultaneously with 
5 per cent aqueous ethanol at 40° C When there was no 
further trace of carbohydrate in the eluate, maltotriose 
was eluted with 8 per cent aqueous ethanol at 40° C 
Under these conditions the flow rate was about 450 
ml /h and the maltotriose was collected in about 12 1 
of eluate 

To obtain maltotetraose from the maltotetraose-rich 
material the lower oligosaccharides were eluted with 10 
per cent aqueous ethanol at 40° C. Maltotetraose was 
then eluted with 12 per cent aqueous ethanol at 40° C 
The elution. of maltotetraose under these conditions was 
slow, and in order to complete the separation and pre- 
paration, of dry material in a weekly cycle an attempt was 
made to accelerate the procedure by raising the tempera- 
ture of operation to 50°C This increased the flow rate to 
600 ml /h, but the separation was incomplete and the 
early and late fractions had to be rejected because of 
traces of lower and higher oligosaccharides The loss of 
maltotetraose mvolved was about 10 per cent It was 
necessary to keep strict paper chromatographic control 
of the fractions and this was achieved with an overnight 
run on Whatman No 1 paper in ”-propanol, ethyl acetate, 
water(7 1. 2)ormorerapidly (3-4 h)on Whatman No 1 
paper ın n-butanol, ethanol, water (2 1 1) at 60° C 
The solution of isolated ohgosaccharide was concentrated 
to about 200 ml m a cyclone evaporator boiling at 
20°--24° C under reduced pressure obtained by a water 
pump The rate of evaporation was about 11 /h and the 
concentrated eluate was freeze-diied 

Up to 30 per cent of the carbohydrate apphed to the 
charcoal-‘Celite’ column was lost, apparently by ırre- 
versible adsorption Even after desorption with hot 
95 per cent ethanol complete recovery was not achieved 
For this reason, and because the flow rate gradually 
decreases, the adsorbent was discarded after each run 
and the column reformed from fresh charcoal and 
‘Celte’. 

Although the maltotriose and maltotetraose obtamed 
as described were sufficiently pure for the purpose required 
there were isomeric oligosaccharides present in trace 
amounts, which were only detected by paper chromato- 
graphy usmg Whatman 3MM paper and applying a 
10 mg load These substances appeared during the 
enzymatic treatment of the starch hydrolysate, whether 
by amylolysis or yeast fermentation Maltotriose and 
maltotetraose can be obtamed pure from commercial 
hquid glucose, but the yields will be very much smaller 
It ıs possible to separate the maltotriose and malto- 
tetraose from the contammating olgosaccharides by 
the method of Barker eż al‘ using & charcoal column 
m presence of borate, but this technique has not been 
applied on a large scale Another possible source of 
maltotriose is from the action of Aureobasidvum pullu- 
larzs on the polysaccharide pullulan®, prepared from the 


32 NATURE 


organism Pullylaria pullulans®, which under suitable 
conditions hydrolyses this material specifically to malto- 
triose only 

We thank Mr R K Opie and Mr A B Leah for 
assistance and Dr M MRuchards of the Microbiology 
Department at Brockham Park, who carried out the 
fermentation work We also thank Dr G Harris of the 
Browing Industry Research Foundation for advice on the 
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enzymatic and fermentation procedures and for arranging 
the supply of yeast from the NC YC 
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ENZYMATIC ACTIVITY OF MOUSE HISTOCOMPATIBILITY ANTIGEN 
PREPARATIONS 


j By Dr A R. SANDERSON and Dr. D. A. L. DAVIES 


Microbiological Research Establishment, Experimental Station, Porton, Nr Salisbury, Wilts 


T would be of interest to know what function trans- 

plantation antigens may serve in the cell and helpful 
for further purification and interprotation of the 
mechanism of graft rejection It ıs generally assumed 
that the same substance ıs being detected or measured by 
different test systems, for example, hastening skin-graft 
rejection, inducing hemagglutinins or cytotoxins, snhibit- 
ing hemagglutination or cytotoxic antibody and enhancing 
tumour growth ın allogeneic mouse strains It appears 
that a more complete or undegraded form of material 1s 
required to affect skin grafts but the specificity can be 
followed further by serological methods, which have 
revealed that the substances are lipoproteins associated 
with the insoluble fraction of cells!-* 

Fully active preparations have yet to be produced in 
a demonstrably homogeneous form; histocompatibility 
antigens can be prepared free from normal mouse serum 
components and cell-bound species-specrfic antigens‘, but 
evidence for physical homogeneity 1s not convmemg It 
is not difficult to obtam a single schlieren band m the 
ultracentrifuge at alkaline pH or in the presence of some 
dispersing agent, but similar patterns can be obtained 
with preparations known from other evidence to be 
relatively crude So far preparations are probably mıx- 
tures of lipoproteins from various sub-cellular particles 
and membranes, some of which are likely to be inactive 
Such mixtures would be difficult to resolve on account of 
thew essentially insolublo form, this suggests that the 
appropriate sub-cellular particle or fraction would make 
a more suitable staring material for purification The 
appropriate fraction 1s elusive, however, activity was 
largely in the nuclear fraction but also spread over 
mitochondrial, ‘fluffy’ and microsomal fractions when 
tested by tumour enhancement? By inhibition of cyto- 
toxins, activity followed lysosomes, as indicated by 
acid-phosphatase activity®, by skm-graft rejection, the 
microsome fraction was active’, but in this case other 
sub-cellular fractions were not tested By hemagglutmin 
induction microsomes and ‘fluffy’ layer are most active, 
but some activity ıs associated with nucle: and muto- 
chondria though not with the soluble fraction® The 
suggestion? that activity is associated with external cell 
membranes the fragments of which may be distributed 
over a range of g time standard sub-cellular fractions has 
to be seriously considered 

The preparation of high H-2 histocompatibility specific 
activity used here was prepared from ascitic fluid! and has 
these properties hastens skin-graft rejection’, induces 
hemagglutimins and cytotoxins**:? inhibits H-2 hemag- 
glutination and cytotoxic antıibody™! and carries non-H-2 
specificity! Sumilar preparations from mouse leukemic 
cells carry ‘XK? tumour specific antigenicity!” 

The lipoprotein nature of the material and its associa- 
tion with insoluble cell fractions suggested an examination 


for enzymes which are frequently associated with mem- 
branes Electron micrographs (x 62,000) have shown 
precise localization of nucleoside phosphatase m mem- 
branes!’, and the presence of ‘ATPase’ activity m our 
histocompatibility antigens was therefore not unexpected. 
In Table 1 are shown the activities which have been 
determined, ıt will be seen that nucleoside drphosphatase 
and triphosphatase levels are high compared with the 
other activities tested There ıs no consistent preference 
for any one of the four common ribonucleotide bases 
when used as substrate at the tri-, di-, or mono-nucleotide- 
level ‘The triphosphatase activity figures are maccurate 
to the extent that morganic phosphate release was 
actually measured and the other product of hydrolysis, 
the nucleoside diphosphate, is then broken down (at a 
slower rate) with further inorganic phosphate release 
This error 18 mmimuized under the conditions used, where 
only a few per cent of the substrate was hydrolysed in 
order to avoid product inhibition, imaccuracy would 
only be significant with dissymilar K,, values 


Table 1 PHOSPHATASE ACTIVITIES OF HISTOCOMPATIBILITY ANTIGEN 
PREPARATIONS 

Substrate pH Activity * 
Adenosime 5’-phosphate 84 05 
Cytidine 5’-phosphate 8 4 08 
Guanosine 5’-phosphate 84 1Q 
Uridine 5’-phosphate 84 05 
Adenosine 3’-phosphate 84 06 
Adenosine 2’-phosphate 8 4 13 
Nicotinamide adenine dinucleotide 84 09 
Adenosine 5’-pyrophosphate 84 142 
Cytidine 5’-pyrophosphate 8 4 70 
Guanosine 5’«pyrophosphate 84 52 
Uridine 5’«pyrophosphate 84 70 
Adenosine 5’-triphosphate 84 200 
Cytidine 5’-triphosphate 84 19 6 
Guanosine 5’-triphosphate 8 4 135 
Uridine 5’-triphosphate 84 153 
Glucose 6-phosphate 62 04 
Glycerol 2-phosphatet 8 4. 14 
Glycerol 2-phosphatet 50 01 


Hexokinase was similarly shown to be absent (pH 8 4) 


* All activities are expressed m muzmoles H,PO, liberated per mun/mg 
dry wt of enzyme preparation and are averages of several determinations 
done under optimal conditions of pH and metal ion requirements for the 
enzymatic activity bemg followed 

+ Conditions for alkaline phosphatase 

t Conditions for acid phosphatase 


Using ATP as substrate, the way m which nucleotide 
triphosphate activity followed histocompatibility activity 
on purification 1s shown in Table 2 A proper comparison 
of the two activities 1s difficult because one 1s using a 
highly accurate enzyme assay and a relatively inaccurate 
listocompatibilty assay, hemagglutmation mbhibrtion, 
where doubling dilutions give 50 per cent activity nere- 
ments between adjacent tubes However, 1t can be seen 
that in each purification step the fraction having highest 
histocompatibility activity also has highest enzymatic 
activity The relatively poor histocompatibility activity 
of ‘TM?’ compared with ‘SP’ fractions, which have more 













; Table 3. “These indicate that the activity resembles that 
of a mitochondr 
Differentiation from the activity described for another 
mitochondrial enzyme preparation" is afforded by the lack 

_ of dinitrophenol stimulation and sucrose inhibition, while 
the insignificance of the sodium and potassium enhance- 
ment of hydrolysis distinguishes this triphosphatase from 
-o otherst?.18, 


“Km (ATP) 
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- CORRESPONDENCE OF HISTOCOMPATIBILITY ACTIVITY AND 


ble 2. 
aah oil DURING ANTIGEN PWRIFICATION (C3H/BP8 


Propver) 
Fraction Histocompatibility Ba evi forge 
oe eye tyt 
AR 

DS 0 0 
SP 500 83 
SS 0 0 
TMA 200 28 | 
TM? a 31 
TT i 
TB o 1o 


* Determined by H-2 hemagglutination. inhibition, | 
t Determined at ee pH (8-4) and ian metal ion requirement. 








uae: of the triphosphatase are shown in 








Irial and also of a seminal enzyme!” 


Finally, neither progesterone nor hydro- 
cortisone’ exerts any effect on hydrolysis. 


Fable 3: PROPERTIES OF THE ADENOSINE TRIPHOSPHATASE ACTIVITY 
aH pocorn (tris-baffer) 8: 


MET EARI 

z 43 7 

ES over metal-free 
rd z: ae conditions 
Fo 1-8 fold } 


4-0 x 10“M 


Activity unaffected by 2: 4 dinitrophenol, progesterone, cortisol, sucrose, 
sodium ions, potassium ions. 


The pH stability, heat denaturation, periodate sensi- 


i SS © tivity, formaldehyde sensitivity and resistance to trypsin 
are similar for histocompatibility activity and enzymatic 
ae activity although it must be remembered that measure- 





oO ment of the former is subject to the limitations of a test 


— using two-fold dilutions. 
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The very low acid phosphatase activity (Table 1) does 

not support the suggestion of an association of histo- 
compatibility activity with lysosomes*: on the vother 
hand, our antigen, being obtained from ascitic fluid, cannot 
correspond to any cell fraction prepared by normal cell 
disruption procedures in sucrose. Many different 
nucleotidases have been found in sub-cellular particles 
and membranes, disti various criteria. The 
characteristics: may di cell type to another 
(isozymes) so that our in ‘oO ot ya indicate 
a cellular location. Nu , 49 tes 
in vitro, in a purely. destruct 
reflects a cellular process. w 
is available, for example S 
impingement of an immun env 





















nature of histocompatibilit r bee aa 
Wo thank Miss P. D. Marshall for oxcollent technical 


assistance. 
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HYPERPLASIA OF THE ISLETS OF LANGERHANS IN BREEDER | RATS 
WITH ARTERIOSCLEROSIS 


a has ben. demonstrated that the lucovortioid of 





aia tess, Ka not Peyi ne to eal 
x, steroid diabetes is different from pancreatic 
sin that itis seldom aencoiatad \ with : severe eae 





iu rer" hanso? the: pancreas ee hyper- 
| and hyperplastic i in diabetes’, during pregnancy® 
ing of diabetic mothers®, in patients with Cushing’s 
) 5, and i in man and animals treated with ACTH 
at This increase in islet size and 
associated with increased demand and 







in islet. hypertrophy, progress 
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secretion of insulin: Chronic 





insulin-secreting beta cel 
and culminates with 





been biga xpe 
sclerosis, which develops spontaneous a male 
female breeder rats after repeated breeding'~-17, The 
arterioselerotic breeder rats also show low glucose toler- 
ance when challenged with a glucose load}*. These animals 
also showed evidence of hyperadrenocorticism and fatty 
infiltration of the liver, which became progressively more 
pronounced with successive breedings. It was of interest 
to learn if there were any alterations in the morphology 
of the islets of Langerhans which could be correlated wit: 

the number of breedings and the other pathological 
changes. Therefore, in the experiment reported here. 
number of animals were mated and afterwards killed so 
that a serial investigation could be made of the insular 
changes occurring in the pancreas. of rats after 1-5 
breedings. During the course of this experiment, it was 
found that these animals showed definite islet changes, 











_arteriosclerotic lesions of the pancreatic vessels and 
pancreatitis. 

‘Young adult males and female Sprague-Dawley rats 
were actively bred in our laboratory under controlled 
conditions. The time period for mating, gestation, 
nursing, and the few days of rest after weaning was kept 
constant throughout the breeding period. The mating 
partners were kept together throughout the experiment 
and were allowed to breed ad libitum. Of the initial 200 
mating pairs there were 100 pairs which had had a similar 
breeding history, that is, the day of conception, delivery 
and size of litter being relatively constant. Most of the 
male breeders were so debilitated by the time they had 
sired four litters that it became necessary to kill them 
before they became further deteriorated. (Deterioration 
was evidenced by inactivity, loss of appetite, yellowing 
and loss of fur and the assumption of a humped position.) 
Male and female breeders were killed when the young 
were removed at weaning time (21 days after birth). 
Control animals consisted of virgin males (12 rats) and 
virgin females (12 rats) killed at the outset of the breeding 
experiment. Virgin rats of an age comparable to breeders 
do not develop arteriosclerosis. Further, to control the 
age factor, a similar group of twelve male and twelve 
female virgin rats was held, two rats of the same sex to 
a cage, and then killed as controls with the five-time 
breeder rats at the end of the experiment. All animals 
were housed in air-conditioned quarters. They were fed 
‘Rockland Rat Chow’ ad libitum. No salt or fat was 
added to the diet. 

Panereatic tissue was removed and fixed either in 10 
per cent buffered neutral formalin (Lillie) or in Zenker’s 
fixative. ‘Paraffin sections were cut at 3u and stained 
with hematoxylin and eosin and with an aldehyde fuchsin 
trichrome: stain to demonstrate beta cell granulation. 
Alcian blue; periodic acid Schiff stain, toluidine blue and 
Hale’s stain were used to demonstrate metachromasia 
and mucopolysaccharides. Von Kossa’s stain was used 
to demonstrate calcium. 

To measure the increase in islet size and number with 
each breeding, sections were made of the pancreas of 
male and female rats in each breeding period, that is, 1-5 
breedings. The number of sections examined micro- 
scopically in each case is given in Tables 1 and 2. The 
total number of islets larger than 25y in any one diameter, 
in each section was counted. The long diameters of each 
of the first eight islets encountered in any given section 
were also measured and averaged. Finally, the total 









Table 1. Erect OF REPEATED BREEDING ON THE RIZE oF THE ISLETS 


OF LANGERHANS IN THY SPRAGUE-DAWLEY FEMALE Rat 


Average No, 


No, of of islets per Size ofisiets Islets greater 
sections* section greater in x than 250. 
than 254 {mean + SD.) tper cent) 
- Virgin controls 
(90 days old) 5 23-4 189 + 29 7 
First. breedin 19 26°7 138 + 34 75 
» Second breeding “44 249 136 + 86 7-2 
“Third breeding 9 24-1 136 + 27 7-8 
¥ourth breeding 15 26-4 166 + 28 t3 
Fifth breeding — 7 297 181 + 86 18-3 
Virgin controls 
{340 days old) 21 23-8 140 + 28 73 


* Bach section of pancreas taken from a separate animal. 


Table 2. Eyrect oy REPEATED BREEDING ON THE SIZE OF THE ISLETS OF 
LANGERHANS IN THE SPRAGUE-DAWLEY MALE Rat 


Average No, 
No, of of islets per Size of islets Islets greater 
sections*® section greater in ye than 250% 
than 254 (mean + S.D.) {per cent) 
Virgin controls. 

(90 days old) = 5 28-2 129 + 26 85 
First breeding 22 B71 151 + 36 10-8 
Second breeding 19 21-9 155 + 35 14-1 
Third breeding 16 25-68 150 + 3 12-2 
Fourth breeding 13 281 ig + 27 11-6 
Fifth breeding —~F “en seme weee 
Virgin controls 

(250 days old) 20 2y 131 4 25 83 


* Bach section of pancreas taken from a separate animal, 
+ Insufficient number of surviving animals for adequate sanzypling. 
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Fig. 1. Normal-sized islet in a virgin female Sprague-Dawley rat at 
90 days of age. (Hematoxylin and eosin, x 200) 


ae 


Fig. 2. Glani-sized isist in a female breeder rat (6 litters), (Hematoxylin 
and eosin, x ¢. 100) 


number of islets which exceeded 250p in any given section 
was counted. 

Islet size. There was a definite increase in size and 
number of the islets of Langerhans in breeder rats com- 
pared with virgin controls (Tables 1 and 2). In the female 
breeders there waa little change in average islet size after 
their first, second and third pregnancies. However, after 
their fourth and fifth pregnancies there was a definite 
increase in the number of islets larger than 25u in each 
section, in the average size of islets in general, and in the 
percentage of giant islets, that is, greater than 250. 
(Figs. 1-3). Male breeders, by contrast, had sustained (or 
developed) a marked increase in islet size and in the 
number of giant islets soon after their first litter. This 
situation continued throughout the course of the experi- 
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ment, with an additional increase in the 
average size of islets after the fourth breed- 
ing. The increase in the average size of the 
islets in male breeders is even more meaning- 
ful if one considers the fact that male virgin 
control rats have smaller islets to begin with 
than female virgin rats (cf. Tables 1 and 2). 
That is, breeding effects a proportionately 
much larger increase in the size of islets in 
male rats, compared with non-bred males 
(virgins), than it does when non-bred 
females are compared with breeders. 

Islet cytology. The alpha cells in the 
islets of the rat have a peripheral location. 
The more centrally located beta cells are 
much more numerous than the alpha cells. 
With continued breeding the alpha cells 
maintained, their peripheral orientation and 
showed an increased definition of cell outline 
(Fig. 3). At the same time, the beta cells 
increased in number and had progressively 
increased in granulation. During this period 
of increased granulation, there was evidence 
of active ductular proliferation associated 
with generation of new islet tissue (Fig. 4). 
After the fourth to fifth breeding there was 
marked degranulation, hydropic degenera- 
tion and hyalinization in both male and 
female breeders. The hydropic beta cells 
were shown to contain glycogen, using Best’s 
carmine stain. 

Pancreatic arteries. Arterial lesions in the 
pancreatic arteries appear to be an extension 
of a more fulminating process which is 
initiated in the abdominal aorta'*. In both 
the male and female breeders microscopic 
evidence of arterial lesions of the abdominal 
aorta and its branches appeared after the 
first breeding. Although the lesions in the 
main abdominal aorta showed involvement 
of both the intimal and medial layers, becom- 
ing more complicated with increased number 
of breedings, the pancreatic arteries showed 
only intimal changes (Fig. 5). These intimal 
changes in the pancreatic arteries consisted 
of either: (1) discrete endothelial cushions 
or endothelial proliferation involving a large 
portion of the intima accompanied by 
stretching of the internal elastic mem- 
brane; or (2) intimal basophilia without 
endothelial proliferation but accompanied 
by minor changes in the internal elastica 
(Fig. 5). Special stains of the basophilic 
material contained within the delicate 
intimal layer of the pancreatic arteries 
revealed that this basophilic material was 
intensely metachromatic and that it was an admixture 
of calcium and mucopolysaccharides. 

Pancreatitis and mixed islet and ductular proliferation. 
About the time of the third to fifth breeding, when islet 
hyperplasia and beta cell degranulation were becoming 
most pronounced, in many instances active ductular 
proliferation intermixed with hyperplasia of islet tissue 
oceurred. In all instances, the ductular hyperplasia 
occurred in association with hyperplastic islet tissue 
(Fig. 4). The usual single intralobular ducts seen in the 
pancreas of the rat showed multiple branching. The 
hyperplastic islet tissue was often found entwined about 
these newly formed ductules. Islets of all sizes from small 
to giant size were found within these areas of ductular 
multiplication. The ratio of alpha to beta cells appeared 
to be normal in these newly formed islets. 

After the fourth breeding, when definitive beta cell 
degeneration became evident, there was a concomitant 
reduction of the ductular proliferation which had become 
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Fig. 3. 





in the centre of the photo (see arrows). 





Islet hyperplasia in a female breeder, bred five times. The pa oe alpha 
cella in the three giant-sized islets have prominent cell membranes, e 


beta eelis are 


degranulated. (Hæmatoxylin and eosin, x e. b0) 


PEL 


Fig. 4. Ductular proliferation in a male breeder rat showing newly formed islet tissue 


(Hematoxylin and eosin, x ec. 100) 


progressively more frequent during the second to fourth | 
breeding. After the fourth breeding ductular proliferation — 


began to wane until practically no cases of duct pro- 
liferation were encountered in animals bred five times. 
Evidence of pancreatitis was found in 40 per cent of 
the male breeders and 25 per cent of the female breeders. 
The pancreatitis was characterized microscopically by 
cedema, necrosis, by marked infiltration of polymorpho- 
nuclear cells, some fatty infiltration, and, in more advanced 
cases, by calcification particularly about the periphery of 
the pancreas (Fig. 6). : 
The increase in number and size of islets with breeding 
shown here is particularly meaningful in» that other 
experiments have shown that breeder rats have low 
glucose tolerance'*. That is, the increases in islet size and 
number are either a response to the stimulus of the abnormal 
carbohydrate metabolism in these breeder rats, or the 
islet changes per se are the cause of the spontaneous 
development of diabetes. It is more likely that the islet 


ise 
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calcium. (Hematoxylin and eosin, x e. 100) 


hyperplasia is an attempt by the pancreas to compensate 
for the increased adrenocorticoid activity which accom- 
panies the progressive development of diabetes, hyper- 
tension and arteriosclerosis in repeatedly bred rats. In 
experiments to be published soon the adrenal cortices 
of these breeder rats have been found to show progressive 
hypertrophy and lipid depletion with successive breedings 
and concomitant with the development of arteriosclerosis. 
Also, the thymi in breeder rats become severely involuted 
during progressive breeding. Further, in vitro investiga- 
tions of the alpha—ketolic steroid production of adrenal 
glands from breeder rats show definite derangement of 
adrenal steroid production. The changes in the adrenal 
glands, both biochemically and histologically, coupled 
with the severe thymic involution demonstrate to us that 
the adrenal glands of breeder rats are actually producing 
-steroids in abnormal amounts. 

Many investigators believe that the islets 
of Langerhans have a capacity for com- 
pensatory increased production of insulin 
and are able to meet unusual demands for 
insulin so long as this resiliency on the part 
of the islets is maintained". However, 
under unusual conditions, for example, 
excess glucose mobilization due to over- 
abundant secretion of glucocorticoids, this 
insulin reserve may break down. Or, if 
the islets are capable of hyperplasia and 
produced increased amounts of insulin, 
the hyperglycemia may remain unde- 
tected. In this same connexion, ancillary 
studies show that male breeder rats pro- 
bably have a more severe defect in their 
carbohydrate metabolism than female 
breeders because their glucose tolerance 
curve shows a much more severe hyper- 
glycemia 1 h after glucose loading than 
female breeders'*, It is suggested that 
the islets of the female breeder probably 
have a greater functional reserve capacity 
than the male breeders. It is interesting 
that islet hyperplasia occurs soon after 
the first breeding in the male; but the 
stimulus for increased islet hyperplasia 
in the female does not become evident 
until well after the fourth or fifth breeding. 


Pancreatic artery showing heavy concentration of basophilic material in the 
intima. This material is intensely metachromatic, intensely positive with the Hale and 
Yon Kossa stains and is believed to be an admixture of mucoapolysaccharides and 
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Increase in islet size has been demonstrated 
by Hellman to occur with age". However, 
the size of the islets in virgin rats (controls) 
of the same age as the breeders was only 
slightly larger than the younger virgin 
control rats killed at the outset of the 
experiment. 

The specific cytological changes in the 
islets permit an even closer correlation 
with the physiological events taking place 
than the changes in islet size. Up to the 
fourth breeding the beta cells showed pro- 
gressively increased granulation, in both 
sexes. This could be construed as being 
indicative of a compensatory response 
on the part of these cells to produce in- 
creased amounts of insulm. One could 
extrapolate, however, that this response 
was not adequate because: {1) these 
animals become hyperglycemic™; (2) duct- 
ular elements showed proliferation to pro- 
duce more islet tissue; (3) existing islets 
underwent progressive hyperplasia in an 
attempt to produce more beta cells. 
Further. it is felt that the demands of 
continued breeding finally caused exhaus- 
tion of these beta cells as demonstrated 
by their rapid degranulation after the 
fourth breeding. 

Glucose tolerance tests conducted on breeder rats 
have revealed that these animals are not severely 
hyperglycemic’*. Rather, it appears that they are 
more likely in a mild diabetes-like state which would 
best fit the condition of hyperadrenocorticism found 
in these breeders. Although these animals do not 
have any marked elevation of serum cholesterol until 
arteriosclerosis is well advanced, they do have a pro- 
gressive fatty infiltration of the liver at the same time 
that they show abnormal] tolerance to glucose and begin 
to show evidence of arteriosclerosis. One could 
perhaps best rationalize these many metabolic disturb- 
ances as being part of a syndrome which is much like 
that seen in Cushing’s disease or in human pregnancy, 
that is, islet hyperplasia, fatty liver, diabetes and 
arteriosclerosis are all concomitants of Cushing’s syn- 
drome’, 





Fig. 6. Severe pancreatitis in a repeatedly bred male rat (sired four litters). Note the 
round cell infiltration and the marked mdema which separates individual acini. Fatty 
necrosis and calcification (not shown here) were found in peripheral portions of this 


organ. (Hematoxylin and eosin, x e. 50) 
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It ıs particularly mteresting that the morphology of 
the arterial lesions ın the larger branches of the abdominal 
aorta was distinetly different and much more severe than 
those in the parenchyma of the pancreas itself The 
intimal accumulation of mucopolysaccharide—calcrum 
complex m these pancreatic arteries is typical of the 
arterial lesions m arteries of sumlar calibre ın organs 
served by the mtestmal arteries 

Ductular proliferation and budding-off of islet tissue 
have been demonstrated to occur durmg foetal hfe and m 
the post-natal period Several authors have cited evidence 
to indicate that this ductular response to form new islet 
tissue may be under hormonal control For example, 
Ogilvie and Maclean have shown strikmg mereases n 
pancreatic duct growth and generation of islet tissue in 
rabbits ın association with marked changes in the adrenal 
cortices of these same animals*® ‘The hormones of the 
anterior pituitary gland, for example, growth hormone 
and adrenocorticotropin, have also been demonstrated to 
eheit these changes?t?3 The connexion between the 
anterior pituitary gland and its hormones has been cited 
for two reasons First, the ductular proliferation becomes 
progressively more intense with each breedimg, which 
would umpheate pituitary gland participation, and also 
the ductular prohferation suddenly becomes quiescent at 
the tume when these particular animals become incapable 
of producing more litters Secondly, ıt 1s well known that 
pancreatitis appears after periods of stress, or can be 
induced by ACTH excess”, and m advanced cases of 
Cushing’s disease purulent pancreatitis, fatty necrosis and 
infarction are evident ın the pancreas™*5 It is possible 
that the disappearance of ductular proliferation and 
appearance of many cases of pancreatitis in these breeders 
is connected with some marked change m the function of 
the pituitary gland The higher meidence of pancreatitis 
in the male breeders (40 per cent versus 25 per cent m 
females) may also explam the earlier demise of the male 
breeders after the fourth breeding 

In conclusion, it 1s felt that repeated breeding m rats 
leads to metabolic alterations which resemble conditions 
seen m Cushmg’s syndrome and m human pregnancy 
The hyperglycemia", the islet hyperplasia, the beta cell 
granulation and eventual exhaustion are all indicative of 
a persistent demand, most likely due to adrenal steroid 
excess; for increased secretion of insulin culmmating m 
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eventual exhaustion of the islet cells Further investiga- 
tion will be required to correlate the possible relationship 
between the simultaneous development of hyperglycemia 
and arteriosclerosis in these breeder rats The tentative 
explanation for this phenomenon will remam implicit 
within the broad concept that this arteriosclerosis and 
abnormal carbohydrate metabolism are part of a Cush- 
ingoid condition existing in these animals 

This work was supported by grants from the John A 
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VISUAL PIGMENTS IN HUMAN AND MONKEY RETINAS 
By PAUL K. BROWN and Pror GEORGE WALD 


Biological Laboratories of Harvard University, Cambridge, Mass, 


NE of the major pioblems ın the field of vision ıs to 
define the photosensitive pigments of the cones 
which serve for colour vision m man and other primates, 
and to establish the associated spectral sensitivity curves 
of the colour vision receptors One cannot derive this 
information from traditional types of sensory measure- 
ment, for an almost mfimite vanety of trios of theoretical 
sensation curves can be devised which satisfy virtually 
all the sensory data’ The problem, therefore, 1s not to 
invent further models that might account for colour 
vision, but to find the actual mechanisms that serve this 
function 
Stiles seems to have come closest to solving this problem 
with specially designed sensory measurements (his 
“two-colour threshold technique”) Some years ago, 
using this method on his own eye, he derived three 
sensitivity curves maximal at about 440, 540, and 590 
my (ref 2) Most measurements since have tended. to 
conform with these values 


So, for example, Auerbach and Wald’, followmg adapta- 
tion of the eye to mtense orange hght, measured the 
spectral sensitivity of a ‘violet receptor’, maximal at 
about 440 mp The spectral sensitivity of the human 
fovea, particularly when dark adapted or m dim hight, 1s 
reported to display mflections at about 430-450, 540-560 
and 590-620 mu, suggesting the presence of sensitivity 
maxima withm these wave-length ranges? 

Rushton® made a notable advance im this field by 
measuring directly the difference spectra of human 
colour vision pigments with hght reflected from the fundus 
in livmg human eyes He has desenbed a green-sensitive 
pigment (‘chlorolabe’) maximal at about 540 my, and a 
red-sensitive pigment (‘erythrolabe’) at about 590 mp 
Wealoe®, usmg similar methods, reports pigments maximal 
at about 540 and 600 my. 

This article describes measurements of difference 
spectra of the retimal photopigments of man and the 
monkey (rhesus, Macaca mulatia), performed with the 
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Fig 1 Difference spectra of photosensitive pigments in the human 
retina @, total pigments of the rod-free area of the fovea The 
difference spectrum has max about 550 my and Emax 0042, ©, total 
bleaching of a rod-rich peripheral area of the retina, measured m the 
presence of 01 M hydroxylamme The difference spectrum is that of 
rhodopsin (Amax 500 my), the bleaching of which yields retinal as product 
combines ummediately with hydroxylamine to peld retinaldehyde 
oxime, which accounts for the minimum at about 367 my 
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Hig 2 Difference spectra of photosensitive pigments in the retina of 


the rhesus monkey @, the total bleaching of the central fovea (Amex 

about 550 mez) This fovea yielded also the data of Figs 3 and 5, 

©, bleaching of a rod-rich peripheral area in the presence of 01 M 

hydroxylamine The difference spectrum 1s that of rhodopsin, with 

Amax about 502 mu ‘The retinal bberated as a product of bleaching 

combines at once with hydroxylamine to yield retinaldehyde oxime, 
accounting for the minimum at about 867 mu 


recording mucrospectrophotometer already described’ 
Circular areas of the retina were measured, 0 2 mm in 
diameter Such measurements made m a rod-rich area 
outside the fovea yielded the familar difference spectrum 
of rhodopsin (Figs 1 and 2), earher shown to match 
closely in the visible region the scotopic sensitivity of 
human vision, measured at the retinal surfaces When the 
field of measurement lay mside the rod-free area of the 
fovea, which 1s about 0 5 mm m diameter m man and 0 2 
mm in the monkey’, a total difference spectrum was 
obtained, maxumal at about 550 myu (Figs 1 and 2) This 
matches closely the photopic sensitivity curve of human 
vision, corrected for absorption of hght by the ocular 
tissues and the yellow macular pigmentation (Fig 8) On 
differential bleaching of the central fovea with lghts 
ranging between deep red, and orange, the total difference 
spectrum can be shown to mclude contributions from a 
red-sensitive pigment with Amaz about 565 mu, and a 
green-sensitive pigment with Amar about 535 my (man) 
or about 527 mp (monkey) Some indication was obtamed 
also of a small amount of a third pigment, bleachmg 
maximally at about 440 mu, though other evidence 
indicates that the fovea, contams such a pigment, our 
measurements do not identify 1t reliably 
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Human eyes, obtamed from an eye bank, were from 
persons 40-70 years of age All of them had been light- 
adapted to some degree at the time of removal Ordinarily 
they were placed m hght-taght contamers shortly after 
enucleation, and kept cold until called for, usually 4-5 h 
and never more than 12 h later We found that ın fresh 
eyes the retina tends to cling to the vitreous, so the eyes 
were always kept cold for a total of about 12 h, after which 
the retina separates readily 

Monkeys were blindfolded about 05 h before being 
kılled, and the eyes were removed in deep red lhght, so 
that these retinas were genumely dark adapted Measure- 
ments with one retina were begun within 2-3h The other 
eye m. a light-taght contamer was placed m a deep-freeze, 
and kept frozen until used, sometimes months later When 
such an eye 1s thawed quickly by immersion m warm water, 
the retina can be dissected out whole, and yields measure- 
ments not very different from those obtained with fresh 
retinas Fig 3 shows measurements made with such a 
previously frozen retina 

All the operations to be described were performed ın 
deep red hight The eye, held by the stump of the optic 
nerve, 18 cut around the bulbus well behind the equator. 
The rear portion of the eye ıs rmmersed im normal saline 
solution m a flat glass dish, and the retina released by 
cutting through the pomt of attachment to the optic 
nerve The retina is spread out at the bottom of the 
dish, under saline, with the receptor cells pomting upward 
On viewing 1b over a very dim blue light, the macular 
region. can be seen as a dark patch with a lighter spot near 
its centre that marks the fovea A more-or-less circular 
patch of retina about 3-4 mm ın diameter contammg the 
macular region 1s cut out with scissors and forceps and. 
transferred to the microcell previously deseribed (a quartz 
cover slp holding a plastic rng about 04 mm high)’ 
One drop of 55 per cent glycerol in normal saline solution 
fills this cell, which is then closed with a second quartz 
cover shp The cell ıs placed on the stage of a low 
magnification microscope (‘macroscope’, see ref 7), and 
is aligned under deep red hght (675 my.) so that the central 
fovea, hes just over a circular diaphragm, 008 mm m 
diameter, which delimits an area 0 2 mm in diameter at 
the level of the receptors After this preliminary align- 
ment, a compound microscope of magnification 100 times 
is brought over the microcell, and the algnment further 
adjusted 1f necessary All these manipulations are carried 


VoL. 200 


Stepwise bleaching of 
monkey foveal 





w photopigments 
8 
z 
Fe] 
S 
3 
Cong 
© 
Q 
oO 
S 
= 
D 
500 600 700 
Wave-length (mz) 
Fig 3 Dnufference spectra from a monkey fovea, associated with the 


bleaching of photosensitive pigments by short flashes of light transmitted 
through & progressive series of red cut-off filters The flashes had a half- 
duration of 120 msec The filters used in the successive bleaches were 
selected from the combinations listed in Table 1, and transmitted all 
wave-lengths longer than the following cut-off values (1) Combmation 
2 675 me, (2)Comb 3 665 mz, (3)Comb 4 655 mz, (4) Comb 6 

645 mu, (5) Comb 6 615 mu, (6) Comb 7 595 mez In constructing 
Fig 5, curve (1) has been taken as the spectrum of the red-sensitive 
pigment, and curve (8) as that of the green-sensitive pigment, while the 

sum of all the curves yrelds the total difference spectrum 
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out as rapidly and with as little exposure to red hght as 
posstble 

Spectra are recorded in the microspectrophotometer as 
described, previously’. It usually takes 0 5-1 h after the 
retina has been immersed in glycerol-saline to achieve 
a stable baseline The tissue 1s kept completely dark 
except during a recording, and the recording itself does 
not mvolve any measurable bleaching of the tissue The 
spectrum 1s recorded first using the ordmary 0-1 density 
range of the mstrument m order to observe its general 
characteristics There is usually a large baseline absorp- 
tion, mamly owing to the yellow pigmentation of the 
macula, shown some years ago to be due to the carotenoid 
xanthophyll This is approximately balanced out in the 
reference beam by a solution of crystalline leaf xanthophyll 
in a mixture of carbon disulphide and chloroform (20 80), 
ina cell of adjustable depth"! The xanthophyll had been 
heat-isomerized. previously by meltimg the crystals, so as 
to produce a mixture of cos and trans isomers, the absorp- 
tion, spectrum of which in this solvent resembles closely 
that of the human macular pigmentation (cf Fig 8) 
After a retina had been balanced agamst the xanthophyll 
solution, the spectrophotometer was shifted to a 0-01 
slide wire, so magnifying its absorbance scale ten times 

The spectrum of the retina is recorded, first m the dark, 
and then after exposure to various lights By subtracting 
spectra of the bleached or partly-bleached tissue from 
spectra recorded earlier, the difference spectra shown n. 
this paper are obtamed 

Bleaching was accomplished in one of three ways: (1) 
With 66 mp wave-bands from a Bausch and Lomb 
monochromator, using a 100-W zirconium arc as source 
(2) With short flashes from standard M5 clear photographic 
flash lamps, transmitted through various colour filters 
Oscilloscope observations showed the output of these 
lamps to be remarkably constant, the half-duration of 
each flash being about 120 msec (3) With the focused 
light of a tungsten filament lamp in a Bausch and Lomb 
Nicholas wluminator, passing through colour filters. 

The colour filters were all of the cut-off type, transmit- 
ting all radiation longer than a specified wave-length 
Each of them was tested carefully to be sure that it had 
no radiation leaks below the cut-off wave-length These 
filters were used always in combination with a Jena 
KG lheat filter Their characteristics are listed in Table 1 


Table 1 Tau CUT-OFF WAVE-LENGTHS ARE THOSE AT WHICH THE FILTERS 

TRANSMIT 1 PER CENT OF INCIDENT RADIATION J, JENA (SCHOTT), 

W, WRATTEN (EASTMAN KODAK), C, CORNING THESE FILTERS WERE 
USED ALWAYS IN COMBINATION WITH A JENA KG 1 Heat FONER 


Cut-off Cut-off 
Filter wave-length (my) Filter wave-length (mp) 

ay J RE 10 690 (7) J RG 1 595 
2) I RES 675 (8) JOG3 570 
3 W 36 +C 3480 665 (9) J OG 2 650 
2 W 3540 3480 65 10) JOG5 535 
(5) I RGS 645 (11) C 3384 490 
(6) J RGD 615 (12) © 3385 465 

(18) © 3887 442 


All these measurements were carried out at room 
temperature, usually about 25°C No special attempt 
was made to supply the tissue with oxygen Though 
isolated, retinas rapidly turn cloudy ın saline or Ringer 
solution, in saline-glycerol mixtures they remain reason- 
ably clear The base line was usually found to remain 
farly stable for periods of about half an hour, sometimes 
longer 

Peripheral renna rhodopsin Several measurements 
were made m areas of rotina well outside the fovea In 
such cases hydroxylamine was added to the glycerol- 
saline im a final concentration of 01 M After recording 
the spectrum in darkness, the tissue was bleached with 
orange light, and the spectrum again recorded 

Difference spectra so obtained from human and monkey 
retinas are shown in Figs 1 and 2 In both cases the 
familar difference spectrum of rhodopsin was obtamed 
The observation that human rhodopsin im the retina has 
Amax 500 mu agrees with measurements previously made 
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on suspensions of human rod outer segments? The Amax 
in the monkey came out slightly higher, at about 503 my 

The bleaching of rhodopsm yields a mixture of opsin and 
retinal (formerly retinene) as products, the latter 
immediately combming with hydroxylamme to yield 
retinaldehyde oxime (Amax 367 mp) The curves in Figs 

l and 2 display minima at about 367 mp, owing to the 
formation of this product 

The maximum extinction (Emax) of human rhodopsin 
varied considerably from retina to retina Our highest 
extinction, shown in Fig 1, was 0 15, equivalent to about 
30 per cent absorption This agrees almost exactly with 
Rushton’s estimate? of the extinction of rhodopsin in 
human rods 

The highest extinctions of rhodopsin measured m 
monkey retinas were about 0 10, corresponding to about 
20 per cent absorption It will be recalled that the monkey 
retinas were dark adapted, whereas we had no such 
assurance in the human tissues 

When rhodopsin 1s bleached ın solution in the presence 
of hydroxylamine, the rhodopsin maxumum, at about 500 
mu comes out almost exactly equal im height to the 
retinene oxime minimum at 367 my Recent spectro- 
photometric measurements on frog and cattle retinas 
yielded a quite different result—the retmene oxime 
minsmum was considerably smaller than the rhodopsin 
maximum ‘The reason 1s that in the rods the rhodopsin 
molecules are oriented so that thew chromophores lie 
perpendicular to the long axis of the outer segment, and 
so absorb more strongly than ın solution, whereas the 
retinene oxime formed on bleaching not only loses this 
orientation, but onents partly in the axial direction, so 
absorbing less strongly than in solution!® The difference 
spectra of rhodopsin m human and monkey retinas display 
much the same type of relationships as observed in frog 
and cattle retinas, implying somewhat the same plan of 
molecular orientations. 

Fovea: total bleaching. The difference spectra obtamed 
by completely bleaching the photosensitive pigments of 
human and monkey foveas are shown ın Figs 1 and 2 
In both cases the difference spectra are maximal at about 
550 mu No hydroxylamme was used in these instances, 
so that the product of bleaching 1s retinaldehyde rather 
than retmaldehyde oxime Simce, however, retinaldehyde 
does not absorb appreciably at wave-lengths longer than 
about 510 my, above this wave-length these difference 
spectra have the force of genume absorption spectra 

In both man and monkey the maximum density of the 
total foveal pigment that we observed was about 0 04, 
corresponding to about 9 per cent absorption This 1s 
about half the density reported for the total cone 
pigments by Rushton’ One might ascribe this discrepancy 
to the fact that Rushton’s measurements were made on 
wholly dark-adapted subjects, whereas our human 
retinas may have been partly bleached On the other 
hand, our rhodopsin measurements ın human retinas 
apree exactly with Rushton’s; and our monkey retinas, 
which were wholly dark adapted, yielded the same result 

Fovea colour vision pigments We have attempted to 
fractionate the foveal photopigments mto their compon- 
ents by differential bleaching with coloured hghts This 
was done ın. two ways, illustrated ın Figs 3 and 4 

In the first procedure the retinas were exposed to the 
hight from flash bulbs, as described in bleaching method 
(2) aforementioned, coming through a progressive series 
of red cut-off filters (cf Table 1) 

Fig 3 shows such an experiment on a monkey fovea 
The first flash contained only wave-lengths longer than 
about 675 mu, and caused a bleaching represented by 
difference spectrum (1), with Amax about 568 mu The 
second flash contamed wave-lengths above about 665 mp, 
and yielded difference spectrum (2), with Amax about 
564 mp The third flash, cutting off at about 655 mp, 
yielded difference spectrum (3), with Amax about 560 my 
It should be noted that these first three bleaches with 
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Fig 4 Difference spectra associated with the bleaching of photopigments 
of the monkey fovea in continuous red light. Curves 1-3, obtamed by 
bleaching through s filter combmation that transmits only wave-lengths 
longer than 690 my, involve primarily the bleaching of the red-sensitive 
pigment, with Amax about 565 mz Further exposure to the same deep 
red radiation bleaches in addition larger and larger proportions of the 
green-sensitive pigment (curves 4 and 5) The final bleaching with a 
filter combmation transmitting above about 645 my involves virtually 
the green-sensitive pigment alone (Amax about 5338 mu) The large open 
circles show the difference spectrum of the total bleaching of this fovea, 
the solid circles the sum of curves 1-6 The good agreement between 
these last two sets of measurements shows that all these difference spectra 
represent pigments present in the fovea originally, none of them could 
represent some new photosensitive product of the prior bleaching of one 
of the other pigments 


deep red flashes yielded quite similar difference spectra, 
Amax Varying only between 560 and 568 mu. 

The fourth flash, which contamed wave-lengths above 
about 645 my, yielded a highly displaced difference 
spectrum, with Amax about 546 myu (curve 4) The 
fifth flash, cutting off at about 615 my, yielded a 
difference spectrum maximal at about 534 my (curve 5) 
The sixth and last flash, cutting off at about 595 mu, 
yielded a smaller bleaching with Amax about 526 my 
Exposure of the retma to further flashes at still shorter 
wave-lengths produced no measurable further bleaching. 

It should be noted that curve 6 ın Fig 3 displays no 
appreciable absorption at about 620 mu, where curve 1 
displays a strong absorption It can be expected for this 
reason that the filter used for exposure 1 should have 
bleached little if any of the pigment represented, by curve 
6 (Very small amounts of the latter pigment do seem to 
have been bleached ın exposures 2 and 3, accounting for 
the small progressive shift of Amax mn each of these curves 
toward shorter wave-lengths) These measurements 
suggest that two pigments are mvolved, a red-sensitive 
pigment represented approximately by curve 1, and a 
green-sensitive pigment represented approxumately by 
curve 6, the intermediate curves representing the bleachmg 
of various proportions of both pigments 

A computation based on this presumption is shown m 
Eig 5 The total difference spectrum obtaimed by adding 
together curves 1-6 ın Fig 3 ıs shown as the uppermost 
curve in Fig 5 (curve 1) We assume that curve (1) of 
Hig 3 represents a red-sensitive pigment which accounts 
for the entire absorption in the total difference spectrum 
above about 625 my On this basis we adjust the height 
of curve 1 from Fig 3 so that ıt comeides in Fig 5 with 
the total difference spectium above this wave-length 
(curve 2) If it is true that only two photosensitive 
pigments contribute to the total difference spectrum, 
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subtracting curve 2 from the total might be expected to 
yield the spectrum of the other pigment This 1s shown 
in Fig 5 with open circles and a broken lme (curve I-2) 
It has Amax about 530 mu We have also drawn mto Fig 
5 the spectrum of the last bleach (curve 6)m Fig 3, giving 
it the same height as curve 1-2 (small closed circles and 
sohd hne) It has Amax about 526 mu 

It is evident from this computation that the p1opositions 
expressed, previously hold reasonably well Subtracting 
the spectrum of the most red-sensitive pigment from the 
total yields a spectrum close to that of the green-sensitive 
residue 

In Fig. 5 the red-sensitive pigment has a maximal 
extinction about 1 5 times as high as the green-sensitive 
pigment Of five monkey foveas measured, four displayed 
about this proportion of red- and green-sensitive pigments, 
the fifth had these pigments m the reverse proportions, 
about 3 green- to 1 red-sensitive 

The results of bleaching a monkey fovea in continuous 
red light (bleaching method 3 aforementioned) are shown 
in Fig 4 The rotuna was exposed for successive mtervals 
to the focused hght of a tungsten filament lamp passing 
through the Jena RG 10 filter, which transmits all wave- 
lengths longer than 690 my The difference spectra 
obtamed ın five successive exposures to this radiation are 
shown as curves 1-5 The first three exposures yielded 
very simular difference spectra, with Amax about 563 mu 
We take this to represent the red-sensitive pigment The 
fourth exposure yielded a much smaller bleaching, with 
Amax displaced to about 557 mp By this tıme most of the 
red-sensitive pigment had been bleached, and the green- 
sensitive pigment had begun to bleach Exposure 5, 
which was just as long as exposure 4 but at three times the 
intensity, caused a further bleachmg with Amax about 
550 my, the curve had also broadened considerably 
toward shorter wave-lengths By now the red-sensitive 
pigment must have been almost wholly bleached, and a 
relatively high proportion of green-sensitive pigment was 
bleachng Finally the retina was exposed to the light 
passing through a Jena RG 5 filter, which transmits all 
wave-lengths longer than about 645 my This resulted 
m the bleachmg shown in difference spectrum 6, with 
Amax @bout 533 mu, which we take to represent approxi- 
mately the spectrum of the green-sensitive pigment 
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Fig § Difference spectra of photopigments of the monkey fovea, taken 
from Figs 2and3 The total difference spectrum, also shown in Fig 2, 
was obtaimed (a) by adding curves 1-6 m Fig 3 (©), or (b) by sub- 
tracting the spectrum of the wholly bleached from that of the unbleached 
fovea (@) The curve marked ‘red-sensitive pigment (2) 1s the same as 
curve (1) of Pig 3, and has been made to comede in height here with the 
total difference spectrum in the red region in which the red-sensitrve 
pigment alone absorbs light appreciably Subtracting curve (2) from (1) 
might then represent the difference spectrum of the green-sensitive 
Pigment (broken line, 1-2), thishas 4msx about 530 mu It1s to be com- 
pared with the difference spectrum obtamed directly as curve 6 of Fig 3, 
which has Amax about 525 mu 
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Fig 6 Difference spectrum of photopigments of the human central 
fovea ‘The difference spectrum of a red-sensitive pigment (curve 2, 
Amax 565 my), obtained by differential bleaching in deep red light, 
accounts for virtually all the absorption at wave-lengths longer than 
about 625 mu It 1s adjusted in height, therefore, so as to coincide with 
the total difference spectrum (1) above this wave-length Subtracting 
curve 2 from 1 should then yield the difference spectrum of the green- 
sensitive pigment, this 1s shown as a broken line (1~2) with Amar about 
530 mx Itis to be compared with the directly measured difference spec- 
trum of the green-sensitive pigment, shown with a solid line (Amax about 
535 mæ), obtained at the end of a successive series of bleaches with red 
light asın Fig 3 


700 


It has been reported that some products of the bleaching 
of visual pigments m the living cat are themselves 
photosensitive’, and similar effects have been reported 
also with visual pigments in solution? On some such 
basis one might raise the question whether the green- 
sensitive pigment shown m Fig 5 could itself be a product 
of the bleaching of the red-sensitive pigment 

Apart from the fact that retinal in all circumstances 
1s subject to isomerization by light, the only photosensitive 
product of the bleaching of rhodopsin we have yet observed 
m our laboratory mvolves the appearance of a pigment 
with Amar about 467 mu derived from metarhodopsm IT 
when the latter 1s present m high concentration'® The 
467 mu pigment 1s unstable both ın bght and darkness, and 
can. be observed only under quite special conditions Neither 
this nor any other hght-sensitive pigments of bleach- 
ing appeared in the course of the present measurements 

The data of Figs. 4 and 5 show this to be so The tall 
curve in Fig 4 shows with open circles the difference 
between the spectra of the unbleached and wholly 
bleached fovea, and with solid circles the sum of the partial 
difference spectra 1-6 Similarly the ‘total’ curve 1 im 
Fig 5 shows with sohd circles the difference between vhe 
spectra of the unbleached and wholly bleached fovea, 
and. with open circles the sum of the partial difference 
spectra 1-6in Fig 3 If im either case any of the parval 
difference spectra represented a new pigment denved 
from a prior bleachmg, the partial difference spectra 
could not possibly add up to that representing the total 
bleaching, but must on the contrary yield a larger sum 
The fact that the summed-up difference spectra add 
almost exactly to the total difference spectrum demon- 
strates that all the pigments bleached in this experiment 
were present m the retma originally The degree to which 
the difference between the spectrum of the red-sensitive 
pigment and the total in Fig 5 (1-2) matches the directly 
measured spectrum of the green-sensitive pigment tends 
toward the same conclusion, and the simular experiment 
on human foveal pigments shown in Fig 6 bears on the 
same pomt 

It is therefore plain that the pigments differentially 
bleached ın these experrments were present in the orignal 
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tissue The observations umply the presence of two such 
pigments ın the monkey, with Amax at about 565 and 
530 my 

Sunilar experiments with human foveas yielded very 
nearly the same results The results of one such experi- 
ment are shown m Fig 6 It mvolves the same procedures 
as were used in Fig 3 As im the monkey, differential 
bleaching with deep red hight revealed a first pigment with 
Amax at about 665 my, and a high absorption at 625 my, 
whereas the last pigment to bleach had Amax about 535 
mp and very little absorption above 625 my. We assume 
again, therefore, that the red-sensitive pigment accounts 
completely for the total difference spectrum above 625 
my, and makes its spectrum comcide with the total above 
this wave-length On subtractimg the spectrum of the red- 
sensitive pigment from the total, we obtam the curve 
shown as a broken lne m Fig 6 (1-2), This 1s maximal 
at about 530 mu The last spectrum measured in the 
course of bleaching, as already said, 1s maximal at about 
535 mu. Both curves are reasonably close together ın 
shape and posrtion, and we take them-—particularly the 
directly measured spectrum-—to represent the difference 
spectrum of the green-sensitive pigment. 

The human fovea, lıke that of the monkey, appears to 
contam considerably more of the red-sensitive than of 
the green-sensitive pigment The proportions shown m 
Fig 7 are about 2 1 This is almost exactly the ratio 
that Rushton has reported finding between what he calls 
erythrolabe and chlorolabe ın the human fovea’. 

The results of differential bleaching m human and 
monkey foveas are summarized in Fig. 7 In this figure 
all curves have been brought to the same arbitrary height 
to facilitate comparison The red-sensitive pigments of 
human and monkey foveas yield virtually identical 
difference spectra, maximal at about 565 my Small 
differences are found, however, ın the difference spectra 
of the green-sensitive pigments, the human pigment 
lying at about 535 mu, the averaged monkey curves at 
about 627 mu It 1s possible that the monkey spectrum 
18 pulled toward shorter wave-lengths by the presence of 
small amounts of rhodopsin, owing to contammation of 
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Fig 7 Difference spectra of photosensitive pigments of the central 
foveas of man and the rhesus monkey, brought arbitrarily to the same 
height for comparison The red-sensitive pigments of human and monkey 
foveas are essentially identical, with Amax about 665 mæ Their difference 
spectra correspond closely with that of chicken 1odopsin im aqueous 
solution, shown here with barred circles and a broken line The 
difference spectrum of the human green-sensitive pgment 18 maximal at 
about 535 mu That of the monkey hes at shghtly shorter wave-lengths 
(Amsx about 527 my), perhaps owing to the melusion of a few rods and 
hence a small amount of rhodopsin in the measurement The rod-free 
area of the monkey fovea 1s stated to be only 02 mm mm diameter, the 
same size therefore as the area of retina measured in these experiments 
The human rod-free area 18 about 0 5 mm in diameter, so making it easier 
to avoid the presence of rods in the feld 
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the field of measurement with a fow rods Polyak gives the 
diameter of the rod-free area m rhesus monkeys as 0 2 
mm If this 1s a rehable figure, our field of measurement 
should have completely filled this area, and the melusion 
of a few rods in the field would have been unavoidable 

The experiments on differential bleaching, having begun. 
with deep red light, always ended by exposing the retina 
to light of relatively short wave-lengths, that is, in the 
orange and yellow Sometimes such lght produced no 
further measurable bleachmg At other times ıb induced 
a very small further bleaching maximal ın the neighbour- 
hood of 440 mp. Possibly this was due to the presence of 
a very small amount of a blue-sensitive pigment We do 
not, however, regard our observations on this pomt as 
reliable They were made under great difficulty smce, as 
already noted, this region of the spectrum 1s very strongly 
absorbed by the macular pigmentation, and this 1s also 
the region in which the isomerization of retimaldehyde 
would yield a difference spectrum Even if a blue-sensitive 
visual pigment were present m these foveas, bleaching 
1t to retinal, which absorbs over the same region, should 
yield a highly distorted difference spectrum, lying further 
toward the red than the true absorption spectrum of the 
pigment 

Regeneration of cone pigments Several times we have 
attempted to regenerate cone pigments in completely 
bleached human foveas The cover shp of the microcell 
was lifted off, a droplet contammg 4 ugm of 11-czs retinal 
in ethanol was stirred on 1ts surface with 10 ul of glycerol- 
Ringer, and ıt was laid back on the retma The tissue 
was then repositioned m the spectrophotometer and 
tested by differential bleaching with red lights as described 
previously In a few such experiments enough cone 
pigment had regenerated to yield reasonably reliable 
difference spectra The regenerated pigments never totalled 
more than about 0 25-0 5 of those present originally, so 
that no high accuracy could be achieved m such measure- 
ments, but the results showed clearly that both the red- 
and green-sensitive pigments regenerated Also on 
re-bleachmg these pigments complete difference spectra 
were obtamed, showing clearly the emergence of retinal 
as a product of bleaching 

The observation that ım expermmental human vitamin 
A-deficiency cone vision deteriorates ın parallel with rod 
vision, and that both are repaired simultaneously on 
administration of vitamm A, led to the conclusion some 
years ago that some or all of the human cone pigments, 
hike those of the rods, are derived from vitamin A (now 
‘retinol’)}”, This is now demonstrated directly for two of 
“the human colour vision pigments, together with the 
assurance that both pigments possess 11-czs retmal as 
chromophore It seems probable that the human colour 
vision pigments are formed by jomimg this single chromo- 
phore to a vanety of different opsins 

The red- and green-sensitive pigments of primate foveas 
appear from our measurements to le at somewhat shorter 
wave-lengths than has commonly been supposed We 
find the Amax of the difference spectrum of the red- 
sensitive pigment to le at about 565 my in both man and 
monkey, and the green-sensitive pigment to he at about 
535 mp m man and perhaps as high—surely above 527 
mu—imn the monkey We take these difference spectra 
to be equivalent to true absorption spectra at wave- 
lengths longer than about 510 my, where the retimal 
produced by bleaching these pigments ceases to absorb 
appreciably 

In the case of the green-sensitive pigment the dispanty 
with other measurements is small, perhaps neghgible 
Stiles’s estimate of the spectral sensitivity of ‘green’-cones 
finds ıb maximal at about 540 mp?, and Rushton gives 
the same value to the Amex of the difference spectrum of 
the associated pigment, measured ın protanopes® In fact, 
however, Rushton’s measurements have sufficient spread 
to agree as well with Amax 535 as 540 mp, so there 1s no 
clear disparity between his measurements and ours 
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The red-sensitive pigment, however, raises @ genume 
issue, though here the disparity with data 1s sometimes 
less than. with their descriptions m the literature Stiles’s 
original estimate of the spectral sensitivity of ‘red’-cones, 
as also Rushton’s estimate of the difference spectrum of the 
associated pigment, placed Amax at about 590 mp Since 
his first measurements on his own eye, however, Stiles, 
working with other subjects and more varied procedures, 
has deseribed a ‘red’-cone mechanism, ms, with a pecularly 
broad maxumum to which he assigns the value 575 muy, 
not far therefore from that of our red-sensitive pigment!* 
It should be noted, therefore, that Rushton attaches 
little accuracy to his measurements on the red-sensitive 
pigment (see his discussion m ref 19, 278) Having 
originally described its difference spectrum as near 590 
mp, he has recently published another such difference 
spectrum with Amax near 570 mu?’, and has also measured 
an action spectrum for its bleaching, with Amax about 
560 mp (peisonal communication) At least some of 
Rushton’s measurements on the red-sensitive pigment 
therefore are not inconsistent with ours Weale, using 
methods comparable with those of Rushton, describes 
two human cone pigments with difference spectra which 
he says are maximal at about 540 and 600 mu?!, his 
published measurements on the latter pigment, however, 
seem to us to display maxima well below 600 mp, near 
570 mp. 

It should be added that ın the course of these experi- 
ments we tried hard to get the red-sensitive pigment to 
display a longer Amex than 565 my, but without success 
As already said, the first fraction of this pigment to bleach 
at the longest wave-lengths that were effective possessed 
Amax about 565 mp 

Fig 7 shows that the difference spectrum of this red- 
sensitive pigment of primate foveas lies very close to that 
of chicken 10dopsm ın aqueous solution®? Indeed this 
pigment 1s 1odopsin, though m this special position as 
one of a trio of colour vision pigments there may be an 
advantage ın naming 1t accordingly Among various sets 
of terms we have lately been offered for the colour vision 
pigments, we think those proposed by Rushton to be the 
most apt and beautiful We should be glad therefore to 
speak of 1odopsin in this special connexion as ‘erythrolabe’, 
if Rushton will accept a Amax near 565 my. in place of the 
Amax Of 590 my that he has attached to the latter term 
Simularly our green-sensitive pigment might be called 
‘chlorolabe’. The difference spectrum of the blue-sensitive 
pigment ‘cyanolabe’ has yet to be measured, though we 
already have approximations to the associated spectral 
sensitivity function, maximal at about 440 my?, 
undoubtedly distorted somewhat by the filtering action 
of the macular pigmentation 

From the pomt of view of the chemistry of visual pig- 
ments, 1t 18 significant that rodopsin and the red-sensitive 
pigment of primate foveas he farthest toward the red of 
all known visual pigments havmg retimal (retimene,) 
as chromophore It ıs difficult enough to attempt to 
explam how coupling retmal, with Amax about 380 my, 
to opsin can achieve as long a Amax ag 565 mu, and there 
18 some relief in knowmg that there 1s no need at present 
to go further 

Another feature of our measurements of some interest 
18 the ratio of densities of the red- and green-sensitive 
pigments, which we find m the human fovea to be about 
2 1 This agrees well with Rushton’s estimate, but ın 
view of uncertamties surroundmg his measurements of 
the red-sensitive pigment, that still may be held to leave 
the issue in doubt It might be supposed that previous 
exposures to light could have displaced this ratio somewhat 
m our human eyes It might be objected also that the 
red hght used ın preparmg and mounting our retmas 
might have differentially bleached some of the red- 
sensitive pigment, but m that case its ratio to the 
green-sensitive pigment ın the normal fovea should be 
even. higher than we find 
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Fig 8 Comparison between the difference spectrum of the total photo- 
pigments of the human central fovea (average of 5 foveas) and the 
spectral sensitivity of human foveal vision, measured as though at the 
level of the cone outer segments To obtain the latter function, a group 
of representative measurements of the photopic luminosity curve was 
averaged, converted to a quantum basis, and corrected for the trans- 
mussion of the ocular media according to Ludvigh and MeCarthy, and 
the macular pigmentation, measured directly in the present experiments 
The spectrum of a human macula, as shown, was given the maximal 
extinction 0 405 at 460 mu, corresponding to about 60 per cent absorp- 
tion, probably close to the average in human observers The close 
correspondence between the difference spectrum of the total foveal 
photopigments and the spectral sensitivity of foveal vision above 500 mz 
offers some assurance that our difference spectra of the red- and green- 
sensitive pigments, which, as shown In Fig 6, add up to yield the total 
difference spectrum, represent correctly at wave-lengths above 510 my 
the absorption spectra and a Nae of these pigmentas m the living 
uman eye 


Some assurance with regard to this ratio and other 
characteristics of our measurements can be gamed by 
comparing the difference spectrum associated with total 
bleaching of the fovea m our experiments with the spectral 
sensitivity of human foveal vision Such a comparison 
is shown m Fig 8 

The spectral sensitivity of the human fovea 1s described 
by the well-known photopic lummosity function of the 
human eye This ıs of such great umportance industrially 
and otherwise as to have been measured often and well 
In the present mstance we have combmed some of the 
most representative of such measurements to yield a 
composite function of high reliability*®. This, however, 
represents the foveal spectral sensitivity m terms of 
energies incident on the cornea, whereas for comparison 
with the visual pigments one needs the foveal sensitivity 
in terms of numbers of quanta meident on the outer 
segments ofthe cones Apart from quantizing the measure- 
ments, therefore, we have corrected them for the filtermg 
action of ocular structures light absorbed or scattered 
in passing through the ocular tissues as estimated by 
Ludvigh and McCarthy*4, and absorption by the macular 
pigmentation We have measured the latter repeatedly 
ın the course of the present mvestigation (cf Fig 8), and 
will describe ıb ın more detail elsewhere For the present 
computation we have assumed a macular pigment density 
corresponding to 60 per cent absorption at 460 my, close 
to the average value observed earlier m human subjects’ 

The spectral sensitivity of foveal cones, quantized and 
corrected for ocular transmission so as to be applicable 
at the receptor surface, ıs compared in Fig 8 with the 
average difference spectrum obtamed from wholly bleach- 
ing five human foveas The two functions are m good 
agreement at wave-lengths longer than 510 my, where 
the difference spectrum approximates a true absorption 
spectrum Below 510 my, the spectral sensitivity curve 
probably continues to represent reasonably accurately 
the absorption spectrum of the total foveal photopigments 

This comparison to a degree constitutes a searching test 
of the reliability of our measurements Figs 5 and 6 show 
that the total difference spectrum of human and monkey 
foveas ıs well accounted for by the individual difference 
spectra of the red- and green-sensitive pigments in the 
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proportions shown in these figures. It 1s difficult to see 
how the total difference spectrum of the human fovea 
would agree with its spectral sensitivity as shown m Fig 
8, were ıb not true that our difference spectra of the red- 
and green-sensitive pigments are equivalent at long 
wave-lengths, as we have assumed, to true absorption 
spectra, and that they have about the same positions and 
proportions in the living eye as we have found in excised 
retinas 

This compaiison bears also on a final consideration It 
has long been recognized that, though the spectral 
sensitivity of red-blind subjects (protanopes) 1s abnormally 
low in the red, and ıs often assumed to approximate the 
spectral sensitivity of the green-receptor, the spectral 
sensitivity of deuteranopes, which might conversely be 
expected to approxumate that of the red-receptor, in fact 
hes close to that of normal trichromatic observers For 
this reason Konig*® (cf also Judd**) supposed that the 
spectral sensitivity of the red-receptor must resemble the 
total luminosity function, and must account almost 
entirely for the photopic luminosity 

Actually the lumimosity curve of deuteranopes does 
depart somewhat from the normal function, displaying a 
measurable depression of sensitivity m the green and blue 
and a small displacement of maxımum toward the red?’ 
All these relationships are made easier to understand by 
our observations, on one hand that the red-sensitive 
receptor has its peak of absorption and hence presumably 
its peak of sensitivity at as low a wave-length as 565 mu, 
hence not far from the normal photopic lummosity 
maximum, and that the red-sensitive pigment domimates 
foveal vision 
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SEIZURES INDUCED BY INTRAVENTRICULAR SODIUM 


By Pror GILBERT H. GLASER and GEORGE WOLF 


Section of Neurology, Department of Medicine, Yale University School of Medicine, 
New Haven, Conn 


HE activity of cerebral neurones as characterized by 
membrane excitabihty and impulse conduction is 
directly dependent on the metabolic environment <A 
critical factor 1s the mamtenance of membrane resting 
potential by the distribution of sodium, mainly extra- 
neuronally, and potassium, mainly intraneuronally Shifts 
of this 1onic balance have been found associated with 
cerebral seizures, the repetitive discharging of hyper- 
excitable neurones. There ıs evidence that during and 
probably prior to a seizure discharge there is a decrease 
in the ratio of concentrations of extraneuronal to mtra- 
neuronal sodium}? mainly due to an imerease m the 
latter 
The technique developed by Feldberg and Sherwood? 
of intraventricular myjections m otherwise intact animals 
has offered an approach to this problem on a neuro- 
physiological and behavioural level During the past ten 
years many drugs and certam ions have been so admunis- 
tered‘ It was found that mtraventricular calerum 
induced, a peculiar ataxia, then sleep-lke state, potassıum 
administration caused seizures with autonomic effects 
and cirelng movements, but never drmkmg’? Sodium 
was given only as ‘control’, m isotonic solution, and no 


ad 


significant effects were noted However, Sawyer and 
Gernandt? described ‘saline-induced seizures’, induced by 
intraventricular or intracarotid hypertonic saline, m non- 
behavioural, acute electroencephalographic mvestigations 
ın curarized rabbits The seizure activity was confined to 
the amygdala and hippocampus and was not produced by 
isotonic saline, or hypertonic glucose or urea ~Miuller® has 
reported drmking behaviour m cats produced by intra- 
ventricular injections of hypertonic sodium chloride 

The present work represents an attempt to mvestigate 
the seizure phenomena mduced by mereasmg the sodium 
concentration of the intraventricular flud by the admiras- 
tration of hypertonic sale, both behaviourally and by 
subcortical and cortical electroencephalographic recording 
Experiments were performed in twelve cats with 
chronically implanted intraventricular cannule and stam- 
less steel electrodes placed stereotaxically m cerebral 
cortex, amygdala, hippocampus, caudate nucleus, thal- 
amus, central grey and hypothalamus The animals were 
examined in a recording box ın which they could move 
about freely while being observed through a one-way 
vision window After a series of experiments the brain 
from the animal was fixed by perfusion, the electrode and 
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cannula placements were confirmed histologically and the 
tissues were evaluated for pathological changes 

Control experments imeluded the mtraventricular 
administration of isotome sodium chloride solution and 
hypertonic mannitol and sorbitol, of the same osmolanty 
as the salt solutions None of these mjections mduced 
any significant behavioural or electrographic changes 

The hypertonic sodium chloride injections were of 2 o1 
3 per cent solution in amounts of 0 15cc or02cc These 
mtiaventricular administrations of hypertonic sahne 
induced varying seizure phenomena im the same and 
different anımals Sezzure discharges occasionally appeared 
isolated to the hippocampus ipsilateral to the myection, 
beginning within 10 sec and lasting up to 30 sec, and were 
not associated with behavioural alterations At times 
starmg and arrest of movement appeared briefly, associ- 
ated with discharges mvolvmg hippocampus and amygdala, 
(Fig 1). 

Generalized seizure activity also occurred (Fig 2), 
probably originating m the hippocampus, then involving 
other subcortical structures amygdala, caudate, thala- 
mus, hypothalamus and central grey Spread to cortex 
was minimal The electrographic discharges were associ- 
ated with complex behavioural seizures lasting 10 or more 
min with starmg, circling, droohng and finally heavy 
drinking of water 

In some experiments with umplantations of numerous 
recording electrodes in one hemisphere the ventricular 
cannula was placed into the opposite lateral ventricle 


(Fig 2) The electrographic effects of contralateral 
myections had a latency which varied from 10 sec to 
3 min, although behavioural changes appeared within 
30-60 sec In one experiment, a prolonged depression 
and desynchronization of caudate activity followed 
by slow-wave discharges occurred m the absence of 
changes elsewhere In another experiment a seizure 
discharge rapidly spread to auditory cortex and remamed 
there for more than 1 mm without any significant 
behavioural change The repetition of intraventricular 
injections of hypertonic sodium chloride usually produced 
a temporary refractory state Serzures could be induced 
two or three times im a series of experiments, then no 
longer for several days or weeks No significant increases 
in intraventricular pressure were observed There were 
no discernible tissue lesions other than those usually 
produced by implanted electrodes and cannule 

The intraventricular imjections ın these experiments 
increased, the total intraventricular fluid volume by only 
at most 4 per cent, which 1s not regarded to be significant 
It ıs regarded that the seizure phenomena observed were 
in some way related to the merease m the sodium concen- 
tration of the mtraventricular fluid and not a change in 
tissue hydration since the effects were not produced by 
hypertonic sugar solutions The amount of sodium added 
by the hypertonic myection 18 m the range of 20-25 
m molejl , an merease of about 17 pei cent This mcrease 
would occur mitially, at probably a higher level, before 
diffusion, in the lateral ventriculm region, which occupies 
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an extensive area bathmg the hippocampus, the region 
usually mitially developmg seizure discharges, which then 
spread to amygdala and related structures These limbic 
masses are known to have relatively low seizure thres- 
holds*® Behaviourally, the mduced phenomena resembled 
psychomotor-temporal lobe seizures, with certam aspects 
of caudate and hypothalamic involvement as well 

Tt may be postulated, therefore, that sodium diffusion 
oceurs across the ependymal wall into gha and neurones, 
eventually mcreasmg intraneuronal sodium concentration 
and producing thereby a state of oscillating depolarization, 
hyper-excitabiity and seizures! Since an mereaso m 
intraventricular potasstum also mduces seizures, the 
reciprocal relationships between these cations need further 
evaluation That a certain specificity of effect exists, 
possibly in relationship to ventricular wall osmoreceptors 
or specific cationic sensitive cells, 1s mdicated by the 
drnking behaviour produced by sodium but not by 
potassium myections Further study 1s required of the 
actual distribution of these ions mto cerebral tissues 
following intraventricular administration and the time 
factors involved 

Of mterest in relation to the work recorded here 1s the 
production of mcreased spmal reflex excitability by mtra- 
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carotid injections of hypertonic salme, presumably 
mediated by supraspmal mechanisms"? 

A conclusion that a shift of sodium alone ıs of primary 
1esponsibiity m the mduction of an epileptic state in 
neurones would be quite unwarranted However, these 
experments and the related data from the hterature are 
quite suggestive of a pattern that does involve a major 
intraneuronal shift of sodium, ın the important regulation 
of membrane stabihty There probably ıs a complex 
interiplay between sodium, potassium, cerebral trans- 
putters (as acetylcholme) and amimo-acids? 
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PROTECTIVE EFFECT OF DEEP-BODY HYPOTHERMIA ON X-RAY- 
INDUCED MITOTIC ABERRATIONS OF REGENERATING 
RAT LIVER 


By Dr. M. J, ASHWOOD-SMITH* and Dr. G. F LEONG 


U.S. Naval Radiological Defense Laboratory, 
San Francisco, California 


ARLIER mvestigations have demonstrated that in 
adult rats exposed to X-rays a high meidence of 
abnormal mitotic figures occurs after partial resection of 
hepatic tissue!-? This preponderance of mitotic aberra- 
tions which can be clearly identified m the anaphase and 
telophase stages of division has been shown to persist 
undummished for long periods of time*~4 and also after 
multiple episodes of induced cell proliferation® (repetitive 
partial hepatectomies) This radiation damage to the 
mitotic apparatus of the parenchymal cells apparently 
rernains dormant for months after mwradiation exposure 
without any detectable alterations m liver function’ 
However, when the previously irradiated cells are stimu- 
lated to divide by partial hepatectomy, the mutotic 
aberrations are mereased 5—7-fold Hornsey’? has demon- 
strated that there 1s a 2 8 dose reduction factor m terms of 
LD;) when mice are wradiated under conditions of deep- 
body hypothermia (+-1°C) Bone marrow and lymphoid 
tissue of mice irradiated under hypothermic conditions 
are protected, this protection 1s probably associated with 
the low oxygen tensions present in these tissues during 
wradiation’? It is well known that radiation-mnduced 
chromosome aberrations both m plant and anımal cells 
are reduced when the irradiation occurs under anoxic or 
relatively anoxic conditions*® It 1s the purpose of this 
article to describe the protective effect of hypothermia 
agamst radiation mjury with respect to growth rate, 
regenerative capacity of the hver, and mitotic aberrations 
of parenchymal cells 
Rats (male Sprague-Dawley, NRDL stram) were divided 
into four groups of 10 rats per group One group acted as 
controls, the second group was irradiated at normal body 
temperature, the third group was uwradiated when the 
rectal temperatures of the rats had been reduced to about 


* Present address Medical Research Council, Radiobiological Research 
Unit, Harwell, Didcot 


£ 
1°C The last group was rendered hypothermic but not 
irradiated All irradiations were carried out when the 
animals were four weeks old and the partial hepatectomies 
to stimulate hver regeneration were performed eleven 
weeks later Water and food (‘Purma’ laboratory chow) 
were supphed ad butum 

The closed jar method of Giaja and Andjus? was used 
to render rats hypothermic When the rectal temperature 
reached about 17° C and respiration ceased, the rats were 
taken out of the bottles and packed ın ice After another 
20 min the rectal temperature had fallen to about 1° C, at 
which temperature the rats were either irradiated or 
sham irradiated Resuscitation of the hypothermic rats 
by the technique of Andjus and Smith!’ was started 
immediately after wradiation These animals usually 
recovered within 40 min after removal from the 1ce bath 
Rats were exposed to a single whole body dose of 450-rads 
X-rays (250 kVp, 15 mamp, filter 05 mm copper and 
l mm aluminium, half-value layer 14mm copper, TSD 
40 ım , dose rate 50 rads/min) The non-hypothermic rats 
were irradiated m ‘Perspex’ restrainers and received the 
same total dose and dose rates as the hypothermic animals 
which were packed in ice (radiation dose corrected for 
scatter) 

To minimize possible vanations due to the diurnal 
cycle of the rabt! surgery was scheduled so that all animals 
would be killed in the mornmg hours The procedure of 
Enggms and Anderson’? was used for the partial hepa- 
tectomy All anımals were subjected to a single partial 
hepatectomy eleven weeks after they had been subjected 
to either hypothermia, irradiation, or a combmation of 
both A control group which received no treatment was 
similarly partially hepatectomized Animals were killed 
by exsanguination 36 h after partial hepatectomy 
Histological specimens were taken from each lobe of every 
liver and the tissue fixed m Tellyesniczky’s solution (ethyl 
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alcohol, glacial acetic acid, and formal) for 8-12 h, 
dehydrated, embedded m paraffin, sectioned at 5u, and 
stained with Harris’s hematoxylm and eosm 

Mitotic aberrations and mitotic indices were determined 
and counted under oi] immersion (x 800) Although 
abnormalties were observed ın all stages of mitoses, only 
those occurring durmg anaphase and telophase were 
evaluated for abnormalities from every hver Results 
of counts are expressed as the ratio of abnormal figures to 
the total number of figures viewed 

Mitotic index ıs expressed as the number of mitoses 
per one thousand parenchymal cells counted All mitoses 
from late prophase to late telophase m one hundred 
fields of each slde were counted, but only the parenchymal 
cells ın every fifth field were enumerated The rehabihty 
of ths counting procedure was tested by counting all 
mitoses and parenchymal cells ın one hundred consecutive 
fields on several slides from each group With these 
procedures a minimum of four thousand to five thousand 
cells per slide was viewed. 

A comparison of the body-weight changes in the four 
groups of anımals ıs shown in Fig 1 These results demon- 
strate that hypotherma alone or hypothermia and X-rays 
1etard body growth of animals A single dose of irradiation 
has a greater effect on the growth rate of these animals as 
compared with hypothermia alone However, hypothermia 
all but abolished the detrimental effect of X-irradiation 
on the future growth of these animals 

The mitotic mdices of the regenerating rat hver m all 
four groups are shown in Fig 2 The mitotic index of the 
control group was significantly higher than that of the 
X-ray group, 52 mitoses per one thousand parenchymal 
cells as compared with 32 mitoses per one thousand paren- 
chymal cells (P < 001) At 36 h after partial hepatec- 
tomy no detectable differences m mitotic mdices could be 
distinguished between hypothermic and control animals 
The animals subjected to both hypothermia and X-rays did 
not appear to be significantly different as compared with 
hypothermia alone or with the control group However, 
there appears to be a suggestion of a shght protective 
effect of the hypothermia agamst the X-rays when these 
two groups are compared (P=0 05—0 1) 
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The percentage (+S D ) abnormal mitoses occurring in 
all four groups at 36 h after partial hepatectomy 1s shown 
m Fig 3 The control values are 71 per cent +17 
whereas the values for the X-irradiated anmals are 
36 6 per cent +46 Ammals subjected to hypotherma 
alone yielded values of approximately 91 per cent +25 
and the animals subjected to both X-ray and hypothermia 
yielded values of 9 4 per cent +22 These results demon- 
strate that hypothermia alone does not have any effect 
on the meidence of abnormal mitoses, whereas the 
damaging effects of X-rays are completely abolished by 
concomitant hypothermuc conditions 

There have been numerous papers published on the 
effect of oxygen m enhancing radiation-mduced chromo- 
some damage smece the origmal observations of Thoday 
and Read!? The effect of temperature m modifying 
chromosome damage has been mvestigated by several 
workers Sax and Enzmann™ found that the frequency 
of X-ray-mduced aberrations m Tradescantia microspores 
mcreased with decreasmg uradhation temperature and 
that the yield of aberrations was roughly four times 
greater at 3° C than at 36°C The solubilty of oxygen 
increases with decreasing temperatures and 16 18 quite 
possible that the greater number of aberrations seen at 
lower temperatures may have been associated, n part, 
with the greater number of oxygen atoms available for 
combination with the free radicals produced from the 
radiolysis of water 

Recent work has suggested that the high number of 
aberrations seen after uradiation at temperatures just 
above 0° C does not occur when oxygen ıs absent durmg 
irachation Baker and Sgourakis!' have shown that the 
number of recessrve lethals mduced m Drosophila by 
uradiation was temperature-dependent only ın the 
presence of oxygen, if irradiation was carried out m the 
presence of nitrogen then no temperature effect could be 
detected A slight merease of the chromosome aberrations 
in Tradescanha with decreasmg temperature has been 
reported by Gules}* when the partial pressure of oxygen 
was kept constant More recent work by Beatty and 
Beatty!” has demonstrated that the frequency of aber- 
rations mereases with imereasmg temperature when 
microspores are irradiated under anoxic condition A 
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small decrease in the number of aberrations was noted 
when the temperature was lowered and irradiation 
performed ın the presence of oxygen A slight merease in 
the number of aberrations 1s seen when Erhlch ascites 
tumour cells are irradiated under either anoxic or normal 
conditions as the irradiation temperature increases!* 

There have been several attempts to prevent radiation- 
induced chromosome damage by pretreatment of cells 
with chemicals A significant reduction m the number 
of aberrations mduced by X-rays in Tradescantea has 
been reported by Mikaelson!® provided that the tissues 
were pretreated with glutathione or cysteme Sodium 
hydrosulphite and BAL are also effective m reducing 
chromosome damage’?! However, the extent of the 
reduction was no greater than would have been expected. 
to have occurred from the decreased oxygen tension 
produced by these two reducing chemicals ‘The same 
degree of protection was achieved by irradiation under 
anoxic conditions 

Weiss??? has shown that oxygen tensions are very low 
in the tissues of mice subjected to hypothermia (rectal 
temperatures m the regions of +1°C) This amount of 
anoxia was sufficient to give considerable protection to 
the testes, bone marrow and lymphoid tissues of mice 
uradiated while hypothermic It 1s not surprising to find, 
in these present experiments, that hypothermia has 
protected rats from the body-weight changes mduced by 
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radiation and there 1s a suggestion that the induction of 
mitotie delay by radiation has also been slightly affected 
by hypothermia, however, this latter effect 18 not 
statistically significant The dramatic reduction afforded 
by hypothermia agaist radiation-induced mutotic aber- 
rations was unexpected A reduction of 2- or 3-fold m the 
number of the aberrations would, perhaps, not have been 
unexpected m view of the probable anoxic state of the 
hver cells The consensus of opimon with regard to 
chromosome aberrations and temperature is that under 
anoxie conditions temperature per se has but a shght effect 
on the frequency of radiation-anduced aberrations A 
large number of aberrations would probably have resulted 
durmg the low-temperature wradiations had oxygen 
tensions been withm normal physiological hmits There 
is the possibihty of repair occurring durmg the long 
mterval between X-ray exposure and cell prohferation and 
that this repair may be further enhanced by hypothermia 
However, this explanation does not seem likely since 
others? have shown that these abnormal mitotic figures 
do not dimimish over long periods of timo Although the 
present results do not allow distinction between tempera- 
ture effects and oxygen effects ıt would seem unlikely that 
low temperature 1s the predommant protective factor 
The most reasonable suggestion seems to be that m liver 
parenchymal cells ın mterphase most of the observable 
mitotic aberrations mduced by X-rays are oxygen- 
dependent and can be prevented by deep-body hypo- 
thermia 
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EFFECT OF THE INTRODUCTION OF AN IRRELEVANT STIMULUS 
ON RUNWAY PERFORMANCE OF THE 
HIPPOCAMPECTOMIZED RAT 


By WARREN ©, WICKELGREN* and Pror R. L. ISAACSON 
Department of Psychology, University of Michigan, Ann Arbor 


T is now evident that rats with hippocampal destruction 
have difficulty in terminating certain kinds of responses 
This ıs evidenced by greater resistance to extinction of 
such animals in a shuttlebox avoidance problem! and in 
the straight runway? Furthermore, hippocampectomized 
anunals have difficulty ın forming a passive avoidance 
response’, and one interpretation of this observation is 
that these animals have an mabuility to stop makmg the 
dominant response in. this situation 


In experiments testing the ability to make passive 
avoidance responses, however, the animal’s approach 
response 1s penalized by a noxious stimulus, usually an 
electrical shock The question arises as to the effects of 
introducing an affectively neutral, and task-irrelevant, 
stumulus while animals with hippocampal lesions are 
performing a well-established response Would the intro- 
duction of this kind of stimulus interrupt the ongoing 
behaviour patterns of the hippocampectomized animals 
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Diagrams of the extent of damage of all animals receiving 
Thalamic gliosis indicated by stippled areas 


to the same extent ıt would in control animals? In this 
experiment we attempted to assay the effects of adding 
an irrelevant stimulus without noxious qualities to a 
simple, well-established response in hrppocampally ablated 
anımals and in two control groups One control group 
received extensive neocortical damage and the other 
control group received only sham operations 

The subjects were 19 male hooded rats of the Sprague- 
Dawley strain which were approximately 120 days old at 
the tame of operation Seven animals received bilateral 
hippocampal lesions, 5 received neocortical lesions, and 
7 received sham operations in which no brain tissue was 
damaged 

The operative procedure was simular to that previously 
described except that the animals were not held in a 
stereotaxic instrument! The sham operated animals 
received all the surgical procedures used with the bram- 
lesioned groups except that no brain tissue was damaged 
After the surgery, the anumals were kept in group cages 
for 2 days and during these post-operative days received 
‘Tetracyn’ (tetracycline) mn thew drinking water Then, 
the animals were placed m individual cages for the remain- 
der of the experiment 

The apparatus was a straight-alley runway constructed 
of }-n plywood, painted black, with internal dimensions 
54 ın x4 m, and 6 in high One guillotine door was 
located 11 ın down the runway, providing a startbox, 
and a second door was located 21 ın from the end of the 
runway and was used to prevent retracing Response 
latencies were measured from the raising of the startbox 
door and were stopped when the animal crossed a photo- 
electric cell unıt located 51n down the runway from the 
start door 

Thirty days after undergoing surgery, all animals were 
placed on a deprivation schedule in which they were fed 
15 g of ‘Purma’ laboratory chow, which kept all the 
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amimals at about 85 per cent normal body-weight Each 
subject was weighed and handled for about 5 min before 
being fed its daily ration Preliminary traming was begun 
9 days after the begining of the deprivation period and 
consisted of giving each anımal a 5-mm period in which to 
explore the runway on each of two successive days The 
time taken to traverse the runway was recorded with no 
attempt made to prevent retracing After each daily 
preliminary trial, the subjects were placed in a small 
box which contamed the food cup with two 45-mg Noyes 
Co food pellets and several drops of water The anımal 
remained there until ıt had eaten the pellets and was 
then removed while two other pellets and drops of water 
were placed in the food cup This procedure was continued 
until every animal had been placed in the box and eaten 
the pellets 5 tımes 

Acquisition consisted of 10 trials a day for 7 days with a 
reward of 2 food pellets at the end of the runway on each 
tual Each animal was allowed 10 sec to eat the pellets 
and was then replaced in 1ts holding cage while the latency 
and running times were recorded The inter-trial interval 
varied between 30 and 45 sec A small fan in the experi- 
mental room emitted a constant noise and was used to 
mask other sounds All animals were run between 7 and. 
ll pm im two squads 

On the eighth and ninth days of traning, wooden strips 
on which sandpaper had been stapled were placed over 
the regular floor of the runway The startbox floonng 
remained the same, so that when the startbox door was 
opened there was a slight step up to the coarse, hghter- 
coloured flooring Ten rewarded trials were given on the 
days on which the sandpaper floors were added 

After the experiment, the animals were killed and intra- 
eardially perfused with 10 per cent formalin The brains 
were removed, dehydrated, and embedded in paraffin 
Sections were cut at 21-p, mtervals through the lesions 
Every tenth section was retained and stamed with thionn 
Histological examination of the sections indicated that 
about 75 per cent of the hippocampal formation had been 
destroyed in most of the hippocampally ablated animals 
Minor injury to the thalamus was found occasionally In 
general, neocortical destruction was greater in the neo- 
decorticate control group than m the hippocampally 
lesioned group as a result of our attempts to equate the 
total amount of brain tissue destroyed between the two 
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Fig 3 Mean latency scores on the three groups of anmals plotted 
on a logarithmic scale Irrelevant stimul were added to the runway 
on the trials given on days 8 and 9 


brain-lesioned groups 
and neodecorticate animals gliosis was found in certain 
thalamic nucler The glosis appeared to be a result of 
surgically induced infarction and was seen in the lateral 
and medial geniculate nucle: and to a much less extent 
the anterior and lateral nuclei The degree of thalamic 
gliosis was found to be unrelated to the behavioural effects 
of the lesions Figs 1 and 2 present the extent of the 
lesions at 5 levels through the brains of the hippocampecto- 
mized and neodecorticated animals, determmed by 
projecting the mounted brain sections on to standard 
drawings of a normal brain at that level 

The results of the experiment were clear cut Because 
of the magnitude of the effect, 1t was felt that raw response 
latencies would best serve to illustrate the 1esults 

Fig 3 summarizes the results of the experimont in 
graphic form The two control groups of animals showed 
a considerable increase in latencies when the irrelevant 
stimuli were introduced but the hippocampectomized 
animals did not reveal any discernible change Due 
to the variability of the control groups, the differences 
between the groups during acquisition training do not 
reach significance at the 0 05-level, although the hkelrhood 
of such a consistently superior performance by the 
hippocampectemuzed rats over the first seven acquisition 
days occurring through chance alone is quite remote 
Difference scores between the 7th acquisition day and the 
Ist day on which the irrelevant stimulus was presented 
(8th training day) for each animal yielded an F-ratıo 
significant beyond the 0 05-level, ¢ tests indicated a 
significant (P<002) difference between hippocampal 
lesioned animals and those in the control groups on the 
ist distraction day 


In several hippocampectomized ~ 
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The results of this experiment fit m well with recent 
work in which hippocampally lesioned animals were found 
to perseverate an old response ın the face of altered condi- 
tions The hippocampally lesioned rats also seemed to 
acquire the response more rapidly than did the control 
groups and this agrees with other investigations in which 
hippocampal ablation facilitated certain kinds of learning? 

These results extend our knowledge of the behaviour of 
hippocampectomized rats to show that the introduction 
of a novel but affectively neutral stimulus, which 1s 
irrelevant to the performance of the previously acquired 
running response, fails to inhibit running behaviour 
Earlier reports had noted the diminution of effects of 
presentation of noxious stimuli ın passive avoidance 
situations, and also a diminution of effects produced by 
stimuli which had been associated with noxious stimuli’ 
The explanation for this behavioural change is not 
unambiguous These results would be expected on the 
bases of ‘response inhibition theories’ like those presented 
by McCleary and Kaada, which would suggest that animals 
with certain subcortical damages may notice and respond 
to changes ın environmental stimuli, but cannot, because 
of the lesion, stop making the dominant response 
However, other types of explanations could account for 
our results If the S’s were merely deficient in abilities 
required to attend to, or orient toward, novel stimuh, 
this would be adequate to account for the present results 
Along these lines, Lissak and Grastyan have reported 
evidence which links changes ın the electrical activity of 
the hippocampus to periods when the animal 1s exhibiting 
the orienting reflex described by Pavlov® It should also 
be mentioned that the functions of the orienting (investi- 
gatory) reflex are to cause the animal to orient toward the 
source of stimulus change and, at the same time, to inhibit 
conflicting response tendencies Whether lesions in the 
hippocampus interfere with one or both of these behavi- 
oural functions remains to be established 

This work was supported in part by a grant from the 
office of the Surgeon General, US Army (DA-MD-49- 
193-63-G75) 
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EFFECT OF ACTINOMYCIN D ON INTERFERON PRODUCTION BY 
‘ACTIVE’ AND ‘INACTIVE’ CHIKUNGUNYA 
VIRUS IN CHICK CELLS 


By Dr G E. GIFFORD * and Dr E. HELLER + 
National [nstitute for Medical Research, Mill Hill, London, NW 7 


ELLER! has examined the effect of actmomycın D 

on the growth of Chikungunya virus in chick cells 

and on production of imterferon resulting from such 
infection He found that actinomycin markedly enhanced 
the growth of the virus and that interferon production 
was inhibited On the basis of his kinetic investigations 
it seemed likely that the inhibition of interferon produc- 


* Present address Department of Microbiology, University of Flomda 
College of Medicime, Gainesville 


t Present address Department of Preventive Medicine, Hebrew Univer- 
sity-Hadassah Medical School, Jerusalem 


tion by actinomycin was responsible for the enhancement 
of virus growth However, ıt was also possible that the 
enhanced virus growth occurring as a result of treatment 
with actinomycin may have been responsible for the 
inhibition of interferon production in a manner analogous 
to the ‘inverse interference’ phenomenon described by 
Lindenmann? This could occur if the production of 
interferon and virus by the same cell were not compatible 
phenomena. 

We have compared the effect of actimomycin D on 
interferon production by stock preparations of Chikun- 
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Fig 1 Rate of mactivation of Chikungunya virus at 35° 


gunya vius and by pieparations which have lost their 
plaque-forming ability as a result of mcubation at 35° 
If the stimulation. of virus growth by actimomycin was 
responsible for the inhibition of interferon production 
then actinomycin would have less inhibitory effect on 
interferon pioduction by ‘inactive’ virus 

Interferon and virus were assayed ın chick cells infected 
with vaccimia virus by the method deseribed by Linden- 
mann and Gifford? Chikungunya virus was assayed by a 
plaque technique on chick cells The medium used for 
interferon production consisted of Gey’s balanced salt 
solution with 0 11 per cent sodium bicarbonate, 0 25 per 
cent lactalbumin hydrolysate, 01 per cent yeast extract, 
and 0 1 per cent proteose peptone Interferon-contaiming 
samples were heated at 65° for 30 mm This procedure 
inactivated the infectivity of the virus and also 1s 
interfering ability (Heller, unpublished observations) 
Chikungunya virus was grown in the brains of new-born 
mice and vaccinia virus on the chlorioallantois of embryon- 
ated eggs Both viruses were stored in glass ampoules 
at — 60° 

The rate of inactivation of the virus at 35° was investi- 
gated since this was the temperature utilized during 
adsorption of the virus on to chick cells A suspension of 
the virus was made ın the described medium and placed 
at 35° At intervals, samples were removed and frozen 
at — 60° for plaque assay As seen in Fig 1, the virus was 
found to be rendered meapable of producing plaques at 
a rate of approximately 1 log,, every 3 h 

Chikungunya virus, incubated at 35° for 23 h, was tested 
for its ability to induce interferon in chick cells No 
plaque-forming virus was found ın the inoculum, but good 
yields of interferon were obtained A comparison of this 
‘inactive’ virus preparation with the stock preparation 
of Chikungunya virus was then made in the absence and 
presence of actinomycin D to determine if production of 
interferon would be inhibited Cells were treated with 
0 06 ug/ml of actinomycin D for 4h at 35° Medium was 
decanted and the cells washed with fresh medium 
Controls were treated ın the same manner except that 
actinomycin was omitted Cells were then exposed to 
either the stock preparation or to the ‘inactive’ virus 
preparation of Chikungunya virus at the same dilution so 
that the number of physical virus particles was the same 
The cultures were incubated at 37° and after 24h the media 


NATURE 5l 


were collected, heated at 65° for 30 min, and assayed for 
interferon The results are shown in Table 1 Both 
preparations of virus induced the production of interferon, 
and actinomycin treatment inhibited mterferon production 
almost completely ın both cases The ‘inactive’ vuus 
produced approximately 23 per cent more interferon than 
the ‘active’ preparation 


Table 1 PRODUCTION OF INTERFERON BY ‘ACTIVE’ AND ‘INACTIVE’ CHIKUN- 
GUNYA VIRUS AND ITS INHIBITION BY ACTINOMYCIN D 


Pretreatment Total PDDs, 


Nature of virus with units interferon 


: Inhibition (%) 


preparation* actmomycmyf produced in 24h 
‘Active’ — 312 sak 
, + 18 94 
‘Inactive’ z 385 E 
” + 13 97 
* For details see text 
ak aotmomyein, 006 swg/ml for 4 h before virus, + =added, -~=not 
e 


t Assayed with vaccima virus PDD =amount of interferon which 
depresses the plaque count to 50 per cent of controls® 


To test whether actinomycin-treated cells produced some 
substance that interfered with or inactivated interferon, 
interferon was added to supernatants collected from 
actinomycin-treated infected cultures and the muxture 
titrated for interferon activity Sufficient interferon to 
inhibit 32 per cent of vaccinia virus plaques was added to 
the supernatant from infected, actmomycin-tieated 
cultures which by itself would inhibit 21 per cent of 
vaccinia plaques The mixture was found to mhibit 39 
per cent of vaccinia plaques which would be within the 
expected range of nhibition expected by a mixture of the 
two interferon preparations These results indicate that 
interferon-inhibiting material was not produced by infected 
and actinomycin-treated cultures 

These findings suggest that the enhancement of virus 
growth by actinomycin was not a contributing factor m 
its ability to mhibitinterferon production, and they provide 
further evidence for a direct effect of the antibiotic on 
some cellular mechanism involved 1n interferon production 

Henderson and Taylor! have reported that Mayao 
virus inactivated at 56° for 2 h was incapable of producing 
interferon Western equine encephalomyelitis virus, 
inactivated by prolonged incubation at 37°, was shown to 
be capable of interfering with active virus®, but Lockart® 
afterwards showed that such inactive virus did not 
produce measurable amounts of interferon in L cells 
Vilček”: found that tick-borne encephalitis virus inacti- 
vated by incubation at 56° or by prolonged incubation at 
37° did not induce interferon production It ıs difficult 
to interpret the negative results since it is possible that 
the treatment may have rendered the virus incapable of 
entering the cells so that production of interferon could 
not beinduced It1s also possible that the stability of the 
viral nucleic acids to such treatment may differ with 
respect to interferon inducibility as well as to infectivity 
The results reported here are the first published evidence 
of interferon production by mactrve arboviruses, although 
it has previously been shown that several arbovirases 
exposed to cells at relatively high temperatures at which 
httle or no multiplication of virus occurred still produced 
large yields of mnterferon® 

We thank Mr C Gulchrist and Mrs Barbara Knight 
for their assistance 

This investigation was supported in part by a Public 
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National Institute of Allergy and Infectious Diseases 
(to G'E G) and a fellowship from the Leukemia Society, 
Inc , New York (to E H) 
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MONITORING OF SEA-WATER FOR IMPORTANT RADIOISOTOPES 
RELEASED BY NUCLEAR REACTORS 


By Dr NOBORU YAMAGATA and KIYOSHI IWASHIMA 


Institute of Public Health, Tokyo 


N view of possible merease in the discharge rates of 

“radioisotopes into the sea, an analytical technique to 
measure very low concentrations of radioisotopes in sea- 
water has been developed 

The conventional method of scavenging, namely, the 
precipitation of mixed ferric hydroxide and barium 
sulphate, failed to prove itself because of its very slow 
filtration The fact that marme manganese nodules are 
enriched with heavy metals and the rare earths? inspired 
us to examine commercial manganese dioxide, and ıb was 
found an effective and easily filterable scavenger for most 
of the radioisotopes which were reported to be present m 
reactor coolant water 

A. radioisotope, carrier-free or of high specific activity, 
was added to 50 ml of sea-water and then the mixture 
was shaken with 0 50 g reagent-grade powdered manganese 
dioxide for 10 min mm a slightly alkalme condition (pH 
82) Table 1 summarizes the results of experiments 
Important corrosion products except chromium, and 
fission products other than strontium and cesium, were 
effectively picked up by 1 per cent (w/v) quantity of 
powdered manganese dioxide Further experiments to 
find the optimum quantity of scavenger showed 0 35 per 
cent to be the mmimum for effective removal 


Table 1 REMOVAL OF RADIOISOTOPES IN SERA-WATER BY SHAKING WITH 
, POWDERED MANGANESE DIOXIDE 
Radiowotope Removed (%) 
Mn OO 1+ 


1 02 

65 S97 961 23 
Co 1000 01 
sZ 999 O1 
Zr- Nb $99 O01 
HRu Rh 1000 01 
Co 998 01 
Cr 1445 12 
aSr 393 07 
708 18 01 


Partial permissible concentrations of cobalt-60 and 
1ron-59 m sea-water recommended by the US National 
Academy of Sciences-—National Research Counce are 
respectively 3x 10- and 5x10-* ue /ml for harbours? 
Since 1001 of sea-water had to be processed im order to 
detect referred concentrations of radioisotopes, granular 
manganese dioxide (20-60 mesh) was examined for its 
time-saving and scavenging efficiency m the filtration 
in & larger-scale operation Three htres of sea-water 
contaming cobalt-60 were mechanically agitated after the 
addition of ten grams of granular scavenger After 105 
nun of agitation 98 2 per cent of the activity was removed. 
from the hquid phase, and fixation on the scavenger 
still remaimed after standmg overnight. 

One hundred litres of sea-water were collected in Sagami 
Bay, off Enoshima, at 35°16’N , 139°28’E on July 9, 1963, 
to check the feasibility m full-scale operation of the pro- 
posed method ‘To prevent loss by possible adsorption of 

trace activities to the contamer, collected waters m five 
` polyethylene contamers, 20 1 each, were treated in situ 
with 70 g each of granular manganese dioxide and trans- 
ported to the laboratory After 2-h agitation and settling 
overnight, the scavenger, 350 g altogether, was filtered off 
and transferred mto a polyethylene assay cylinder of 3 m 
diameter This was placed on top of the crystal (3 m x 
3m.) of sodium iodide, inside l-n -mercury and 4-in -lead 
shields, and the y-spectrum taken for 1,000 min by means 
of a 256-channel pulse height analyser 

Recogmzable photo-peaks above the background 
response of the detector were 0 72-0 77 MeV, corresponding 
to zircomum-95 and its daughter mobium-95, and 0 52 
MeV, correspondmg to rhodium-106, the daughter of 
ruthenium-106 Comparison made with spectra from 


Table 2 DETECTION LIMITS OF THE PROPOSED METHOD FOR CERTAIN 
RADIOISOTOPES WHICH MAY BE PRESENT IN SEA-WATER WHEN APPLIED TO 
100-1 -SAMPLE 


Partial permissible 
Radioisotope Photo-peak Detectionlmit concentration n 
energy 1n sea-water sea-water * 
Mey Re jm) ue jml 

eoCo 117 1x10 
183 2x 10~* 3 x10- 

E Fe 110 2x10 
1 29 3x 10-* 5x 10-* 
57n, 112 1x10”? 2x 10-8 
e571 0 72 2x 10-9 3 x 10-8 
eN p 077 5x107 
ERY 0 52C°*Rh) 2x 10~* 1x10- 


*For harbours, estuaries, and nshore waters within 12 nules of the coast- 
line Recommended by NAS-NRC} 


addmg known amounts of the radioisotopes to 350 g of 
scavenger showed the concentration of 15x10-° pe 
girconium-95-+ niobium-95 and 49x10- pe ruthenium- 
106 per mullilitre of sea-water, the latter bemg calculated 
by neglecting the presence of !°7Ru—3Rh 

Detection limits of the proposed method are summarized 
in Table 2 for several ımportant radioisotopes The limits 
fo. cobalt-60 and iron-59 are from a half to one-third 
of the recommended partial permissible concentrations 
for harbours while those for the other radioisotopes are 
even less This would indicate the practical usefulness of 
the proposed method for monitormg when distinction 
between cobalt-60, wron-59 and zme-65 cannot be made 
easily, that is, when radioisotopes exist together The 
detection limit for cerr:um-144 would he above 1ts permis- 
sible concentration of 1 x 10-* ue jml because of the high 
background counting rate m the spectral region of low 
gamma energy Caesium-137 remains m the filtrate from 
the scavenger and can be determmed by a molybdo- 
phosphate scavenging method followed by gamma 
spectrometry, a report of which is m preparation 

Nerther the mechanism of pickup by manganese dioxide 
nor the physical states of trace elements m sea-water are 
clearly known and investigations are in progress About 
8x 10-8 uc of cobalt-60 m a 2-1 sample of water from the 
thermal shield of a nuclear reactor was completely 
removed by the proposed method, this suggests the 
possibility of usmg manganese dioxide in place of organic 
1on-exchange resm in purifying hotter reactor water in 
closed-cycle reactor systems 

Sea-water samples were collected from three locations 
between the end of July and the begmnmg of August 
1963 (1) the Sasebo Harbour, Kyushu District, an mpor- 
tant port at which the United States nuclear-powered 
ships are expected to call, 33°08’N , 129°43’E , (2) the 
Inland Sea, off the Kure Harbour, an important fishing 
area, 34°06 N, 132°37’E , (3) Tsuruga Bay, near the 
expected power reactor site, 35°44‘N, 136°03’E Zir- 
conlum—niobrum-95 and ruthen1um-106, both of which are 
considered to have onginated from radioactive fall-out 
released, by nuclear weapon tests, were found im the 
samples in the followmg concentrations, respectively, 13 
and, 5:9 x 10-° (location 1), 10 and 47x10- (location 2) 
and 26 and 11 8x10- ue jmi (location 3) The level of 
ruthentum-106 ın the sea-water from location 3 mdicated 
more than the recommended permissible level of 1 x 10-° 
uc jml for harbours However, the result for ruthenium- 
106 could not be taken as more than a maximum estimate 
because ıt was calculated by neglecting the presence of 
ruthenium-103 The higher levels of the fission products 
in the sea-water from Tsuruga Bay may be contributed 
to the heavy snow-fall m wmter and leaching by river of 
the accumulated radionuclides 


1 Goldberg, E D , Physics and Chemistry of the Earth, 4, 291 (Pergamon 
Press, 1961) 


2 Nat Acad Sec—Nat Res Counet Publ 658, Washington, D C (1959) 
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OPTICAL ACTIVITY IN OILS DERIVED FROM COAL 


By CHARLES ZAHN, STANLEY H. LANGER*, BERNARD D BLAUSTEIN 
and IRVING WENDER 


Pittsburgh Coal Research Center, U.S Bureau of Mines, Pittsburgh 


OAL ıs a product of the progressive fossilization of 
plant materials Smce optically active substances 
are widespread m living matter, ıt 18 not surprising that 
optically active materials have been isolated from peat 
moss}, peat®, hgnite? and from the montan wax of brown 
coal*> Both positive and negative rotations have been 
observed in > 180° C distillates of a saturated hydro- 
carbon ou from a benzene extract of a Saar bitummous 
coal® Fractions of positive rotation have been found m 
neutral oils from tars of Saar and Rhime coals processed 
above 450° C (ref 7) 

Durmg an examimation of the composition of synthetic 
hquid fuels from coal at the US Bureau of Mines, the 
question arose whether some of the optically active centres 
in coal would survive the mgours of high-temperature, 
high-pressure, catalytic hydrogenation. An exploratory 
study of a once-through re-cycle ou (used m the hydro- 
genation of Rock Springs, Wyommg, coal with ammonum 
molybdate catalyst at 450°-525° C and at 8,000 psig) 
disclosed, that many distillates were mdeed still optically 
actives This finding prompted an exammation mto the 
nature and occurrences of optically active substances ın 
other ois, mcluding low-temperature carbonization. tars 
(Table 1) 


Table 1 COAL PRODUCTS EXAMINED FOR OPTICAL AOTIVITY 
Hydrogenation Products * 


Rock Springs, Wyoming, coal (AvCb)t once-through re-cycle oul 
West Kentucky and Pittsburgh coals petrolst 
Velva, North Dakota hgnite muddle osl (4)§ 
Pittsburgh seam coal (4vA46)¢ muddle oil (B). 
Carbonization Products Il 


Sandow, Texas, hgmte tar, US Bureau of Mines (C) 
Sandow, Texas, hgnite tar, Alummium Co of America (D). 
Pittsburgh seam coal tar, Consolidation Coal Co (E) 


* These oils were products of the Bureau of Mines’ pilot-plant operations 
at 450°-525° C and about 8,000 psig pressure, and with mainly ferrous 
rid eee as catalyst, excepting the re-cycle oul, for which ammonum 
molybdate was the catalyst 

t Designations of coal rank high-volatile C bituramous and high-volatile 
A bituminous 

t i equi-volume muture of petrols obtamed separately from the 
coa 

$ These italicized letters are used m the text to designate the products 
i} From low-temperature carbonizations 


Optical activity was observed m almost all the dis- 
tillates from the carbonization tars and in the majority 
of the distillates from the hydrogenation oils No activity 
was observed im the tar-acid and tar-base fractions 
exammed Optical activity probably would dimmush 
with creasing coalification, but oils from coals of carbon 
content above 84 per cent were not exammed Generally, 
the methods of isolating optically active concentrates 
included distillation, hquid chromatography on. silica gel, 
and adduction with urea Although the mdividual com- 
pounds responsible for the optical activity m the various 
concentrates have not yet been isolated, the experymental 
findings mdicate that, as the separations progressed, the 
optical activity segregated manly with the branched- 
cham—naphthenic and hydroaromatic fractions, and 
occasionally with cyclic olefines We beleve that the 
observed optical activity is due to cyclic structures 

The distillate fractions from oils B and Æ (Table 1) gave 
only positive rotations, but those from the other sources 
exhibited positive and negative rotations The lowest 
boilmg, optically active distillate observed had bp 


* Present address American Cyanamid Co , Stamford, Connecticut 


119°--124° C, ap —0 19° (tar C) Mass spectral analysis of 
this and of some successive distillates showed that alkyl- 
cyclohexenes reached a maxımum concentration simul- 
taneously with the observed maximum m optical rotation 

The fraction with these maxuma had bp 124°-131° O, 
ap —0 33° Tar D also yielded active olefinic material, 
bp 121°-133° C. Maas spectrometry of a chromatographic 
eluate (ap*4 — 051°), before and after hydrogenation, 
indicated the major compounds present were C,-cyclic 
olefines, the fragmentation patterns of the hydrogenated 
sample indicated a mixture of C,- and C,-rmg compounds 

Besides activity m hydrocarbon fractions, the neutral 
oul from tar C showed activity ın a fraction strongly 
adsorbed by silica gel Infra-red and ultra-violet spectro- 
metry of the most active distillate of the ethanol-eluted 
material («p** — 0 22°, b p. 187° C) indicated the presence 
of an appreciable concentration of a molecule contammg 
a carbonyl group conjugated to an olefinic group 

Fig 1 mdicates the optical rotations for the successive 
distillates of ol 4 Two combmations of neutral-ou 
vacuum distillates from oil A (b p 230°-260°, 260°-275° C/ 
760 mm) after chromatography on silica gel and treatment 
of the heptane-eluted oi! with urea and chromatography 
of the non-adducting ol afforded a combmed heptane- 
eluted concentrate, « —043 Mass spectrometry of this 
concentrate showed ıt contamed 0,,-C,, compounds with 
peak-height maxima at C,,H., and C,,H., and that the 
mixture consisted of about 10 per cent branched-chain 
paraffins and about 90 per cent uncondensed C,- and 
C,-rmgs and 2- and 3-rmg condensed naphthenes Ultra- 
violet spectrometry of the concentrate imdicated the 
absence of aromatic compounds. 

The two most active concentrates came from dis- 
tillates, b p 260°-275° C, of ol A The first concentrate 
had [«]p? +1-8 (c 20, heptane), the second [«]p*® +74 
(c 14, heptane) These samples contamed appreciable 
concentrations of hydroaromatic or polyalkyl-substatuted 
aromatic material as shown by. (a) thew hquid-chromato- 
graphic behaviour, (b) ultra-violet spectra contaming 
band maxima at 268, 272, 278 mu, (e) low-1omzmg voltage 
mass spectrometry of the first concentrate, which, 
although showmg a wide range of molecular weights, 
chiefly gave peak-height maxima at 204 and 218 (alkyl- 
benzenes 7) and 202 and 216 (alkylindanes or alkyl- 
tetralins 7) 








(2 dm cell) 


—y 
+028 
Ui an mst gy CH o 8 
ie 3 
© 
J : 
Lg 330 -o8 Ë 
aS = 
Of 200 a 
og 
vo 
HE 260 1 
320 
EP i 
8 210 i 
7 
170 1 
0 20 40 60 80 100 


Weght (% distilled} 


Fig 1 Optical rotations for the neutral middle o1] from hydrogenation 
of North Dakota lignite 
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Although our work has nob ruled out the presence of 
optically actıve acyclic compounds ın the oils, these 
compounds probably would have been racemized on 
heatmg with morgamc catalysts? or with carbon" 

The general opmion is that both coal and petroleum 
resulted from biochemical and geochemical transforma- 
tions of hving matter Apparently, optically active 
naphthenic units persisted with petroleum™ as well as 
with coal We observed optical rotation in coal-derived 
ol boilmg as low as 120°, whereas it was reported* that 
activity begins only to appear m petroleum o1l boiling at 
about 280° It must be realized, however, that this 
petroleum was an untreated natural product, whereas 
our coal-derrved ols are mamly products of degradations 
that yielded lower-boilmg active compounds 

Retention. of optical activity by the cyclic compounds 
in ois from thermal carbonization and catalytic hydro- 
genation of coals might be explained by degradation of 
the coal macromolecule into cyclic compounds possessing 
at least one optically active quaternary carbon atom, 
such compounds are probably highly resistant to racem- 
ization 

Interestingly, optical activity has not been observed in 
lignin, m lme with present-day theories of 1ts formation and 
structure® Since the hydroxybenzene nucleus 1s a funda- 
mental part of the hgnm structure, the absence of optical 
activity m our phenolic fractions appears consistent with 
hgnm bemg mactive Apparently the optically active 
material ın coal arose from sources other than lgnin, 
which has been proposed as a major progenitor of 
coal! 

Other workers consider cellulose the primary source of 
coal! Conjecturably, cellulose may have been trans- 
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formed by microbial action mto products with optically 
active structural units that would persist m coal and 
survive catalytic hydrogenation. Various mvestigators? 
obtained coal-like products from the carbonization and 
catalytic hydrogenation of cellulose but none of these 
workers reported on observations for optical 1otation 
However, the optically active materials m the ous from 
the coals probably derived mostly from the steroids' and 
the terpenes?’ ın the coal precursors 

We thank Dr R A Fnedel for spectral analyses, and 
Mr Gus Pantages for assistance. 
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DATING OF POLARITY ZONES IN THE HAWAIIAN ISLANDS 
By Dr. IAN McDOUGALL and D. H. TARLING 


Department of Geophysics, Australian National University, Canberra 


ERIODICITY of reversal of the Earth’s magnetic 

field ıs of some geophysical and geological interest 
Study of the polanty of the Earth’s field throughout 
geological time provides much mformation relating to the 
origin of the field, and the stratigraphical zonation of 
polarities m rock sequences may offer a valuable means 
of geological correlation 

Brunhes? observed that the natural remanent magnet- 
ization of some rocks has a polarity opposed to the present 
sense of the Earth’s field, and Mercanton? showed that 
rocks of different ages from different parts of the world 
are magnetized m this sense These observations led to 
the supposition that periodic reversals of the Earth’s 
magnetic field may have occurred during geological time 
Hospers*4 found that m a sequence of Camozoic lavas in 
Iceland polarity zones occur, and that some of these 
zones are separated by a thm zone of rocks with mter- 
mediate directions Since then, several levels of reversal 
have been recognized, and ıt appears that reversals are 
frequent m the Camozoic m which rocks magnetized in 
the same sense as the present Earth’s field (that 1s, 
‘normal’) are about as common, as rocks with a direction 
of magnetization opposite to that of the present field 
(that 1s, ‘reversed’) 

Self-reversal’:* and reversals of the Earth’s magnetic 
field appear to be the only mechamisms able to account for 
the common occurrence of rocks with exactly opposed 
polarities It ıs possible to test the hypothesis of reversal 
of the Earth’s field by comparing paleomagnetic observa- 
tions from various parts of the world, as one of the con- 


sequences is that rocks of the same age, urespective of 
composition and geographical location, possess the same 
polarity It is therefore of mierest to obtam accurate 
dates on the reversal sequences This article attempts to 
give a stratigraphic table of polarity zones m the Upper 
Camozoic on paleomagnetic measurements and isotopic 
age determinations on samples of lavas from the Hawanan 
Islands A summary of the magnetic observations was 
given earher’, and a description of the datmg methods and 
results ıs given elsewhere®® ‘These results are consistent 
with paleomagnetic and age measurements made! on 
rocks from six sites m Calforma, but they suggest the 
presence of two additional polarity changes and allow 
more precise dating of each level of polarity change This 
work goes some way toward establishmg a stratigraphical 
sequence of polarity zones durmg the Upper Cainozoie 
against which other paleomagnetic results can be com- 
pared to test the hypothesis of reversal of the Earth’s field 

Sampling for paleomagnetic and age measurements was 
undertaken separately m the Hawauan Islands, although 
in a number of cases the same sample, or samples from 
the same outcrop, were used for both measurements 
Hence, there is some uncertainty m the correlation 
between the measured ages and polarities observed in the 
same formation, but ıt ıs considered that the pattern 
that emerges 1s essentially correct, particularly as the age 
measurements show that many of the formations (as 
defined by Stearns and Macdonald and summarized by 
ig eal were erupted over periods of 200,000 years or 
ess 
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The dates were determmed on whole-rock samples by 
the potassium-argon method Argon was measured by 
isotope dilution and potassuum by flame photometry 
Determmations were made m duphcate m most cases, and 
the plus and mmus figures quoted after an age mdicate 
the range The ages generally are precise to better than 
+ 3 per cent at the 95 per cent confidence-level 

A total of 164 samples were collected for paleomagnetic 
study from 59 sites ın five of the Hawauan Islands The 
samples appear to be magnetically stable as the duections 
of magnetization reman constant m alternatmg fields'? 
up to 750 cersteds (peak), and only directions observed in 
samples after treatment ın a magnetic field of 150 cersteds 
(peak)'® are considered here Stability 1s also mdicated 
by a high average coercivity of maximum isothermal 
remanence (445 cersteds) and the consistency of results 
both withm and between different sites m the same 
formation The direction observed is thought to reflect 
the actual direction of the past magnetic field as 16 
specumens that were heated and then cooled in the 
present Harth’s field at Canberra (0 59 cersteds) acquired 
directions parallel to the apphed field The results are 
listed in Table 1 and illustrated m Fig 1 
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Table 1 PALHOMAGNETIO AND AGE DATA ON ROCKS FROM THE HAWATAN 
SLANDS 


Polarity No of No of samples 
Formation (N, ‘normal’, paleomagnetic K-Arage dated, or 
R, ‘reversed’) sites my} sample No 
Hana (East Maui) N 3 <04 m 
Kula (Bast Mau) N 6 0 86, 0 43 2 
Honomanu (Kast 
Mauı) R 1 >0 86 — 
Honolua (West 
Maur) R 1 115+0 02 4 
Wailuku (West 
Maui) R 5 1 294003 3 
anai E 3 —— 
East Molokai R 6 13 —15 5 
West Molokai R 4 185+001 1 
Koolau (East 
Oahu) R 8 22 —25 5 
[ N 1 276+0 02 GA 556 
N 1 2 844002 GA 809 
Waianae (West 
Oahu) R 8 295+0 06 GA 557 
N 2 3 27+0 04 GA 810 
Koloa (Kauai) Nand R 2 — s 
Napah (Kanai) N 3 45 -56 3 


The polarity of the Kula and Hana Volcanic Series of 
East Maui is ‘normal’ Potassium-—argon age measure- 
ments on two samples from the Kula Series yield ages of 
045 + 002 and 084 +004 my The older age was 
obtained on a sample from a lava ummediately overlymg 
the Honomanu Series, hence, this age probably closely 
dates the beginning of the eruption of the Kula Series 
It ıs therefore likely that the specimens on which the 
mapnetic measurements were made are not older than 
084 my The Hana Volcanic Series, which overlies the 
Kula Series, must be younger than 045 my One site 
in the Honomanu Series 1s ‘reversed’, but the age of these 
lavas only 1s known to be older than 0 84 my 

Samples from a single site ın the Honolua Series of 
West Mau: are ‘reversed’ A specimen from the same 
lava flow yields an age of 1-16 + 002 my, and three 
other samples from the Honolua Series have measured 
ages agreemg at 115 +002 my Hence, the results 
suggest that between 084 and 115 my a change m 
polarity occurs 

The Wailuku Series of West Maui, underlying the Hono- 
lua Series, has ‘reversed’ polarity, and three samples from 
this formation yield ages agreemg at 129 + 003 my 
One of the six sites sampled for magnetic measurements 
has ‘normal’ polarity, but as the inclination is negative 
(—49) compared with the average of all other ‘normal’ 
sites (+35) from Hawan this result 1s clearly anomalous 
and 1s not included 

The seven East Molokai sites show ‘reversed’ polarity, 
and age measurements of five samples mdicate that the 
formation 1s 13to15my old Two of the samples used 
for the age determinations are probably from the same 
lava flows as two of the sites sampled for magnetic 
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Fig 1 Summary of paleomagnetic and age data (Filled circles, 
‘reversed’ polarity, open circles, ‘normal’ polarity) 


measurements The West Molokai lavas also have 
‘reversed’ polarity, and the single specimen dated from 
this formation has an age of 185 + 001 my 

Sites on the Island of Lanai are all ‘reversed’, but no 
age measurements were made on these rocks As Lana 
hes between Moloka: and Maw it may be inferred that 
the age of these volcanics 1s probably about 13 my , 
this 18 consistent with the ‘reversed’ polarity of the Lanai 
rocks 

Samples from five of the eight sites m the Koolau Series 
of Kast Oahu were also used for the age determinations 
All the sites are ‘reversed’, and the ages range from 2 2 
to25my ‘Two sites sampled in the Honolulu basalt are 
‘normal’, but these were not dated, and only are known 
to be less than 22 my 

Two samples from the Upper Waianae Series of West 
Oahu yield ages of 2 76 + 002 and 284 + 002 my, and 
have ‘normal’ polarity A lava of the Lower Waianae 
Series dated at 295 + 006 my has ‘reversed’ polarity, 
and a further sample from the same formation at a 
different locahty has ‘normal’ polarity and 1s dated at 
327 +004 my Other sites m the Waianae Series also 
have ‘reversed’ polarity 

Three samples from the Napal Formation of Kauai 
yield ages ranging from 45 to 56 my, and the polarity 
at three different sites ıs ‘normal’ However, as the sites 
from which the samples for magnetic and age measure- 
ments were collected are widely separated, ıb 1s not 
possible to make precise correlations Samples also were 
dated from the Makaweh Formation of Kauai, but no 
rocks were collected for paleomagnetic measurement In 
the Koloa Seres of Kauai both ‘normal’ and ‘reversed’ 
polarities were found The smgle specimen dated from 
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this formation is not from the same locality as any of the 
paleomagnetic sites, hence no correlation 1s possible 

Ti may be assumed that the ‘reversed’ polarities 
observed m Hawauan rocks are caused by reversal of the 
Earth’s magnetic field This is supported by the observa- 
tion that rocks of each polarity occur m discrete strat- 
graphic zones, and that m each of these zones the com- 
position, of the lavas ranges from picrite basalt to trachyte 
In addition, there ıs no evidence of self-reversal ın speci- 
mens examined m the laboratory However, these 
observations do not refute the possibility of self-reversal, 
and it ıs necessary to compare the results from Hawau 
with results from rocks of smular age in other parts of 
the world if the hypothesis of reversal of the Earth’s 
field ıs to be substantiated 

Our data are consistent with the change from ‘normal’ 
to ‘reversed’ polarity observed?" ın Cahfornia (Fig 1) at 
about 1 my, but suggest that a return to ‘normal’ 
polarity occurred between 25 and 275 my, rather than 
at about 2m y as mferred by Cox et al 1° They recorded 
‘normal’ polarity ın a rock dated at 26 + 01 my. and 
refer to Rutten'®, who reported ‘normal’ polanty m a 
sequence in Italy dated at about 24 my These data, 
combined with our measurements, suggest that the 
change from ‘reversed’ back to ‘normal’ polarity occurred 
at 25+01my The ‘reversed’ polarity found m a 
rock from the Waianae Series with a measured age of 
295 my mdıcates that the behaviour of the magnetic 
field ıs more complex than has been suggested previously. 
Owing to the lack of data 1t 1s not possible to state whether 
‘normal’ polarities found m rocks dated at 3 3 and about 
45 my belong to the same magnetic epoch or whether 
a zone of ‘reversed’ polarity occurs during this period 
Our results are consistent with varymg frequency of 
change m the polarity of the Earth’s magnetic field in 
the Upper Cainozoic, rather than a regular change about 
every | my. 

Roche? showed that ın France lavas of Upper 
Pleistocene age are normally magnetized, and that lavas 
of Villafranchian (Lower Pleistocene) age have ‘reversed’ 
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polarity Hence, the change in polarnty at about 1 my 
found ın the Hawauan Islands and in California may be 
correlated with that found m France The stratigraphic 
position of the return to ‘normal’ polarity has not been 
established m France, but ıb 1s ether m the lower part 
of the Villafranchian or in the Astian!’, although Rutten?! 
suggested that ıt occurs at the base of the Villafranchian 
Clearly ıt ıs of umportance to establish the position of this 
boundary m order that correlations may be made with 
greater certainty throughout the world Fourteen polarity 
zones were reported by Khranov®® from sequences of 
Upper Camozo:w age m Russia, but at this stage it would 
be premature to attempt direct correlations 

The evidence from Hawanu supports, but does not 
prove, the hypothesis of changes ın polarity of the Earth’s 
magnetic field Further study on rocks of similar age 
clearly 1s necessary to confirm the hypothesis, and to 
place closer hmiıts as to the times when polarity changes 
occurred The present work suggests that models of the 
Earth’s magnetic field should account for irregular 
periodicity of revorsal 
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ABSORPTION IN RADIO SOURCES OF HIGH BRIGHTNESS 
TEMPERATURE 


By P. J. S. WILLIAMS 


Mullard Radio Astronomy Observatory, Cavendish Laboratory, University of Cambridge 


HE discrete radio sources have contmuous spectra 
which generally follow a power law, Sav-¢ (S = flux 
density, v = frequency), and the usual graph of log S against 
log v 1s a straight hne It is generally believed that most 
sources are galaxies and that the radiation 1s synchrotron 
radiation from relativistic electrons, the straight radio 
spectrum then imphes a population of relativistic electrons 
with an energy distmbution which also follows a power law 
N(£)axH-@et+1) However, there are sources the spectra 
of which deviate significantly from a straight lme, and it 
has been noticed! that these sources tend to have high 
surface brightness 
Recently, mmproved measurements at 38 Mc/s have 
shown that, m a few sources, the flux density actually 
falls at low frequencies (Fig 1), and these sources also 
have the smallest known angular diameters and the 
highest known surface brightness In the case of 3C 147, 
the decrease in flux density between 815 Mc/s and 38 
Mejs ıs so rapid that no cut-off m the electron energy 
spectrum, however sharp, would account for ıt These 
circumstances suggest that we may be observing synchro- 
tron self-absorption 


In Fig 1, the mgh-frequency data are taken from 
Conway, Kellermann and Long’s paper’ on the spectra 
of 160 sources The 38-Mce/s pots are taken from a survey 
by J E Baldwm, 8 Kenderdme, and me, usmg the 
instrument described m ref 2 Flux densities at 815 
Me/s (3C 48, 147, 295, 298) and 85 Me/s (3C 298) have been 
taken from refs 3 and 4 respectively, correction factors 
(085 and 075 respectively) have been apphed to the 


Table 1 
Assuming that Te for H II region =10,000° EK 
B=10~ gauss 
Enmussion 
measure Op necessary for 
Source Galactic necessary for synchrotron GA 
latitude b thermal absorption 
absorption 
3C cmx parsecs 
48 29° 2,450 0 4” 10" 
119 04° 2,450 0 3” 1 5” 
147 10° 5,000 0 2” ig 
295 61° 1,408 0 6* double, components 1” x 1 7” 
298 61° 3,200 06” 4 0” 
299 67° 1,250 0 2” 20” 
CTA 
21 34,000 0 01” — 
102 20,000 0 01” — 
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Flux density 





100 1,000 
Frequency (Me/s) 
Fig 1 -~, synchrotron absorption, — — —, thermal absorption 


catalogue values of flux density, the factor bemg determ- 
ined by a comparison of the flux densities of the 
strongest “Class S’ sources? with the values mterpolated 
from the spectra given! 

Two mechanisms of absorption could be held responsible 
for the cut-off m the spectra at low frequencies 

(a) Thermal Absorptzon. This occurs if a layer of H II 
of appropriate optical depth, +, hes between the source 
and the observer The spectrum would be 

S = kv- oxp( — t) = k yv- exp( — A/v*) 

If a spectrum of this shape is scaled in both frequency 
and flux density to fit the observed values, we can calculate 
the emission measure of the H II layer necessary to 
cause the absorption The values quoted m Table 1 are 
[Ne ds, where Ne= No of electrons/ec, and ds is 
distance through the layer, measured ın parsecs 

(b) Synchrotron Self-Absorption This occurs if the 
brightness temperature of emission 18 of the same order 
as the mean kmetic temperature of the relevant relativistic 
electrons, and so we should expect to observe this ın 
sources of high enough brightness temperature 

A detailed calculation by Le Roux has shown that for 
a source in a umform cube of side 1, m a magnetic field 
of strength B, 


Sah (1 -~ exp( — xl) ) 


where yl, the optical thickness, 
= uaercl ( eB ale PEE 
~ 167M, (y + 2) QTM» eas 
and €, the mean emission per unit volume, 
B uae?e eB aaa oe 
T Brr? \2re7M%5 P Cy) v= 
If N(E) dE = No of particles/unit vol with energies 
between E and E + dE, 
= const E” dH, 
fs 2] 
a = (y — 1) f N(E) dE, 
myc? 
» = distance of the source from observer 
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Fy) and F” “(y) are numeuical factors weakly dependent 
on y If y 1s determmed by the spectral mdex at high 
frequency, the predicted spectrum can be scaled in flux 
density and frequency to fit the observed values and so 
indicato vm, the frequency at which the flux density 1s 
greatest 

If synchrotron self-absorption ıs takmg place, the 
ee angular diameter of the source ıs then given 
y 


(y + 2) (1 + 2)” 


9 2 Stoo 
Vint? + 4)/2 


eB 1/2 
P = (400 108) 0-7 Ce 


The ‘observed’ angular diameter, 6), 1s largely based on 
a single mterferometer measurement at a spacmg of 
61,100 4 (ref 6), assuming that the source 1s single with 
a ample Gaussian brightness distribution However, very 
few sources have such a simple brightness distmbution, 
many being made up of two separate components In 
such @ case, Op corresponds to the sizes of mdividual 
components, while 0, corresponds to the dimensions of the 
source as a whole, and can only be used as a generous 
upper lim For example, a smgle interferometer measure- 
ment for C 295 would only give @<12”, more detailed 
measurements’ have mdicated that ıb 1s made up of two 
components 4” of are apart Each component ıs less 
than 1” of arc wide on the lme jommg them, but 1 7” 
of arc in length perpendicular to this lne These dimen- 
sions give much better agreement with Op 

The one clear and outstandmg fact is that the six 
sources selected from the available data on the basis of 
their unexpectedly low flux-densities at 38 Mc/s all belong 
to the very small fraction of sources with angular sizes 
<5” of arc and exceptionally high surface brightness 
The high surface brightness suggests that synchrotron 
self-absorption may occur, but ıb 1s also possible that a 
source of such small size may he entirely withm the 
associated galaxy so that thermal absorption may take 
place 

For both mechanisms, the observations can be fitted 
by calculated spectra representmg reasonable physical 
conditions It ıs unhkely that mproved spectral measure- 
ments will be able to distinguish between the two proposed 
mechanisms as the predicted spectra are based on very 
sumple models, and will not apply ın detail to a real source 

In the ease of 3C 295, however, the two components are 
separated by more than 16 kparsecs, and 1t 1s probable that 
the radio emission occurs too far outside the galaxy to be 
absorbed appreciably by 1on1zed hydrogen In this case, 
at least, synchrotron self-absorption seems the more 
probable mechanism 

The two sources OCTA 21 and CTA 102 are also meluded 
because thay, too, have spectra with a maximum, but at 
much higher frequencies If these maxima are to be 
explamed by synchrotron self-absorption, the sources 
must have lnear dimensions of less than 150 parsecs (agam 
assuming B=10- gauss, but makmg no assumptions 
about their distances) 

While the known upper lhmrts on angular diameters 
are consistent with synchrotron self-absorption, it 18 
clearly desirable that more detailed measurements of 
brightness distribution should be made, if possible, so 
that a quantitative comparison can be made 

I thank H van der Laan and P A G@ Scheuer for 
useful discussion of the synchrotron absorption mechanism 
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PHYSICS 


lonization Coefficients in Helium at High 
Pressures 


In recent years there has been considerable effort 
devoted to the study of the ionization processes which 
give rise to 1onization growth in different gases Of par- 
ticular terest from the fundamental pomt of view is the 
growth of ionization in helium, because m. this case 
quantum mechanical methods may be more easily applied 
than in the more complex case of diatomic gases Con- 
sequently, direct comparison may be made between 
experimental data on ionization coefficients, for example, 
and the quantum mechanical computations Despite 1ts 
simple atomic structure, owever, the existence of high- 
eneigy metastable states of the helium atom, as well as 
of the helium molecule, results in the possibility of highly 
complex ionization processes occurring mn this gas! 
Moreover, experimentally, helium is a difficult gas on 
which to make observations because it has the highest 
1onization potential (246 eV) of any known gas Most 
common impurities have ionization potentials (<16 eV) 
appreciably lower than the 1onization potential of helium, 
and are thus preferentially iomzed by direct electron 
impact even when present m only small quantities 
Furthermore, ionization of the impurity atoms and 
molecules can be produced by collisions of the second 
kind with helium atoms in the high-energy metastable 
states, and by hgh-energy photons produced in the gas by 
the transition of excited helium states (which all have 
energies > 20 eV) to the ground-state The effects of 
unpurities, even when present in quantities as low as 1 
part in 10%, become increasingly 1mportant as the para- 
meter H/p (E, the electric field, p, the gas pressure) de- 
creases, because, as H/p decreases, the mean electron 
energy decreases and the ratio of ionized impurity atoms 
to ionized helium atoms then mcreases These considerable 
expermmental difficulties probably explain why there are 
so far no published data on the measurement of 10n1za- 
tion growth in helium at high gas pressures and low values 
of Ejp 

It ıs the purpose of this note to report prelummary 
measurements on pre-breakdown ionization currents mn 
uniform fields ın helium over the range 3 < H/p <5 V em- 
mm Hg- for pressures between 150 and 560 mm mercury 
The measurements were carried out using a specially 
designed parallel plate ionization chamber with electrode 
separation variable from 0 to 15 em which will be 
described elsewhere The apparatus was imitially evacua- 
ted to a pressure of 8 x 10-* mm mercury with a rate of rise 
of pressure about 4x 10-8: mm mercury mm“! into a 
volume of 181 The only high-pressure samples of helium 
available to us at the begining of the work were those 
supplied, m high-pressure cylinders by the British Oxygen 
Co (analysis of the gas 995 per cent helium, 05 per 
cent neon, 10-20 vpm oxygen and 10 vpm nitrogen) 
This gas was purified by circulation at high pressure over 
an activated charcoal trap at liquid air temperatures, 
heated copper oxide and liquid air traps, and stored in a 
glass reservorr The gas was admitted to the ionization 
chamber through two further traps at liquid air tempera- 
tue and a high-impedance copper trap previously out- 
gassed and which was designed to eliminate any trace of 
grease present im the gas from the circulatmg system The 
ionization chamber itself was completely isolated from 
grease and, vapours by the use of all metal taps and a 
bellows monometer for the measurement of gas pressure 
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Initially, the samples of helium prepared in this way 
gave values of ionization coefficients which were not 
reproducible from sample to sample, but during the course 
of experiments over some months, which involved re- 
peatedly filing the system with pumfied helium and 
subsequent evacuation (some 100 times ın all), reproduc- 
ible samples were obtained The values of the first 
Townsend ionization coefficient obtained when the gas 
was in this state were the lowest for the whole series of 
measurements, being a factor of about 50 less than the 
initial values found This result showed that the gas 
sample was reproducible and ıs consistent with the view 
that the samples were the purest that had been obtained 
by this procedure 

A typical log I d curve when the gas was in this state 1s 
shown in Fig 1 ‘The curve was analysed using the 
procedure developed in this Department‘ and the values 
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Fig 1 Graph of log (I/F.), d for hellum at a pressure of 4518 mm 
mercury and E/p, = 400 V (em mm mercury)! Full lme gives the 
Townsend curve calculated for a = 283 cm and m/a = 004 
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Comparison of present expermental values of a/p, over high- 
pressure range 160-560 mm mercury with previous work at low values 
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of the primary and secondary iomzation coefficients ob- 
tained are shown on the figure It ıs interesting to note 
that the experimentally observed growth ıs ın agroement 
(well within the experimental error) with the generalized 
Townsend equation of giowth with constant values of the 
coefficients « and w/a 
The values of the primary ionization coefficient ob- 

tained from the measurements over the range of very low 
values of H/p from 3 to 5 V cm-t mm Hg- are shown n 
Fig 2 It was found that over a range of gas pressures of 
150-560 mm mercury the similarity relationship «/p= 
f(#/p) was obeyed Comparison of the present results with 
previous theoretically computed values and exper- 
mental values’~* of «/p at higher values of Z/p and lower 
pressures 18 made in Fig 2, and ıb can be seen that the 
present results he between the extrapolation of the 
experimental curves of Townsend and McCallum and those 
of Davies, Llewellyn-Jones and Morgan Further work ıs 
in progress in attempts to obtain samples of gas at high 
pressures of higher purity and on the effects of known 
small amounts of mpurities on the values of the ionization 
coefficients ın helium 
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Effect of Capacitor Arrangement 
on the Symmetry of Linear Pinch Discharges 


AILL applications of lmear pinch devices require that the 
current distribution m the discharge be symmetric about 
the axis of symmetry of the electrodes Symmetry 1s not 
difficult to achieve when the energy supplied to the dis- 
charge ıs much greater than the minumum energy required 
for the discharge However, certain applications, such as 
plasma accelerators for space-vehicles, require that the 
energy supphed be near the mmmum value When 
operating near the mmimum energy condition, factors 
which may be unimportant for high-energy operation can 
have a marked mfluence on the discharge symmetry 

The effect of capacitor arrangement on the symmetry 
of a lmear pmch discharge durimg the phase of the dis- 
charge when the current distribution was moving toward 
the axis was investigated using a pmch plasma accelera- 
tor? Nine 10-uF capacitors, rated at 3 kV, were connected 
to 8-in diameter aluminium electrodes by means of a 16-in 
diameter parallel-plate radial transmission lne The 
discharge was initiated by briefly opening a solenoid 
valve which admitted a pulse of nitrogen mto the prev- 
iously evacuated interelectrode space Four magnetic 
probes were inserted into the interelectrode space at the 
same radius at 90° intervals about the axis of symmetry of 
the electrodes Probe signals were recorded simul- 
taneously with the set of four probes positioned at various 
radu The symmetry of the discharge was determined by 
comparing the magnitude and time of arrival of the 
signals 

When the nine capacitors were connected to the trans- 
mussion line plates symmetrically, the discharge was found 
to be symmetric at capacitor voltages greater than 2 75 kV 
The capacitors were then arranged asymmetrically by 
connecting them to the transmission lme plates within a 
270° angle, the other quadrant beg vacant For this case, 
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symmetric discharges could not be obtained at 3kY This 

result indicates that when the capacitors are not arranged 

symmetrically, the current may not be distributed uni- 

formly enough throughout the transmission lme plates for a 

symmetric discharge to occur This non-uniform current 

distribution is undoubtedly due to the tendency of the 

current to take the lowest impedance path to the elec- 

trodes A simular effect probably also occurs with dis- 

charges in other geometries such as the coaxial plasma gun 
Donatp P Ducros 
LEONARD ARONOWITZ 
FREDERICO P FESSENDEN 

Power Conversion Division, 
Republic Aviation Corporation, 
Farmingdale, New York 
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Electron Spin Resonance Evidence of 
Radiation-induced Electrons trapped in 
Organic Glasses at 77° K 


Tr has been suggested in the radiation chemistry of the 
simple aliphatic alcohols, ethanol! and methanol®)®, that 
y-uradiation in the hquid state leads to the formation of 
positive and negative charged species 


2CH,CH,OH—(CH,CH,OH)* + (CH,CH,OH)- 


Tho negative species, the solvated electrons, were shown 
to be mvolved in the chemical changes observed fiom 
their reactions with certain specific solutes H+, chloro- 
acetate, 2-chloroethanol, diphenyl, naphthalene More 
recently, various organic glasses* were irradiated at 77° K 
and in the ease of ethanol!" the absorption band formed 
at 5400 A was accounted as due to solvated electrons 
We present electron spin resonance evidence of radiation- 
induced electrons trapped or solvated in glasses at 77° K 
in the radiolysis of alcohols 

A conventional electron spin resonance spectrometer 
(Strand Laboratories, Inc , Model 601 4X) was used with a 
cylindrical reflexion cavity operating ın the TE OLL 
mode, resonant frequency of the cavity 9,500 Me/sec All 
the alcohols were irradiated in thin ‘Spectrosi]’ silica tubes 
in the absence of oxygen Var.ous alcohols have already 
been studied*? by electron spin resonance, and some of 
the effects to be described here (ultra-violet irradiation 
and visible bleaching of unbuffered alcohols) were observed 
by these authors®:? without assigning an interpretation to 
them 

On y-1rradiation of, say, ethanol as a glass at 77° K 1b 1s 
known to turn to a dark purple colour and give a five-line 
paramagnetic resonance line The intensity ratios of the 
hnes are not binomial(1 4 6 4 1) at 77° K, the centre 
line appearing definitely more intense The dark purple 
colour centres can. be bleached by various means (1) by 
thermal bleaching, when the temperature of the glass 1s 
increased to about 115° K, (2) by exposure at 77° K of the 
y-rradiated glass to light in the visible range: the colour 
centres are rapidly bleached (2 mim) by a white table- 
lamp hght Furthermore, on adding initially certain 
solutes such as acids, I, diphenyl, naphthalene, and 
2-chloroethanol the purple colour 1s not formed on irradia- 
tion All these solutes are known to react efficiently with 
electrons The mteresting observation is that following the 
foregoing methods when the irradiated glasses are colour- 
less the centre line ıs attenuated while the five-line 
spectrum, persists (in some cases becomes even stronger) 
It ıs therefore clear that the purple colour ıs associated 
with the single paramagnetic resonance line, which is 
nearly centred on the basic five-line spectrum of the 
CH,CHOH radical It was suggested: that this single lne 
may be due to the positive ion of ethanol However, the 
results obtamed, particularly m the presence of various 
additives, are meonsistent with this suggestion We 
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Fig 1 Electron spin resonance spectrum of y-1rradiated ethanol glasses 
at 77° K Totaldose,03Mrad The spectra given were always observed 
at 77° K, and the same scale used (A) unbuffered ethanol, (8) 10N 
sodium hydroxide in ethanol, (C) 10N sulphuric acid in ethanol, 
(D) unbuffered ethanol warmed to 115° K, (E) 10 N sodium hydroxide 
after exposure to visible light, resulting mn & bleached glass, (F) 01M 
1odine in ethanol, (G) unbuffered ethanol after bleachmg on exposure 
to visible hght, (H) exposure of (G) to 2537 A ultra-violet light, 
(D warming (G) to 115° K until the five-lhne spectrum disappears 


ascribe this hne which is superumposed on the other hnes 
to the electron trapped in the matrix at 77° K 

The spectra in Fig 1 show some of the results referred to 
here On warming the neutral glass (A) to 115° K the 
centre line is reduced (D) and so 1s the total number of 
spins Presence of 1 N sulphurie acid (C) mhibits the 
formation of colour centres, reduces the centre line, and 
mereases the intensity of the CH,CHOH quintet as com- 
pared with (A) On addition of 1 N sodium hydroxide (B) 
the centre line increases, and the purple colour becomes 
even stronger Exposure to visible light results ın rapid 
bleaching of the neutral (G) and alkaline (HZ) glasses, and 
a reduction of the centre line There is no chango in the 
colour and electron spin resonance spectrum of the 1 N 
sulphuric acid glass (C) to visible hght Subsequent to 
exposure to visible light, y-irradiated neutral, acd, and 
alkalne ethanol, when exposed to ultra-violet light (2537 
A mercury lamp), result (H) ın a decrease m the intensity 
of the basic five-lne spectrum and an increase of another 
centre line superimposed on the §-lines This new single 
line 18 relatively stable, and on warming to 115° K the 
CH,CHOH radical disappears after a short period of time 
leaving the single lme (7) which 1s seen to be disymmetric, 


and which seems to be due to the CH,CH,O radical Its 
to be noted that (I) ıs stable to visible hght Full details 
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and the suggested mechanism of formation of this radical 
will be grven elsewhere 

The presence of 0 1 M iodine (F) suppresses the colour 
of ethanol glass, attenuates the centre lme, and reduces 
through secondary reactions the number of CH,CHOH 
radicals stabilized at 77° K Presence of 1 0 M 2-chloro- 
ethanol also suppresses the colour and reduces the centre 
line In the presence of 0 1 M diphenyl the purple colour 
18 not formed on irradiation, instead a blue-green colour 
is observed which is thought to be due to the mono- 
negative diphenyl radical ion’. The diphenyl 10n gives 
under these conditions at 77° K a single centre line which 
is distinctly different from the centre line due to the 
electron Furthermore, the line of the diphenyl radical 
ion 18 relatively more stable to visible hght 

In conclusion, the electron spin resonance centre lne 
obtained on irradiation of ethanol at 77° K is interpreted 
as evidence of radiation-induced electrons which aie 
ejected from the solvent and trapped ın these glasses The 
G-values (+ 30 per cent) of the total paramagnetic species, 
that is, G CH,CHOH + G(e)-, 1s 8 ım unbuffered and 1 m N 
sodium hydroxide, and 10 in N sulphuric acid ethanol 
glasses Ge-18 2, 3, and ml ım the unbuffered, alkaline, 
and acidic ethanol, respectively 

Electron spin resonance evidence of electrons was also 
obtained on irradiation of methanol and isopropanol 
Full details on all these alcohols, the various solutes used, 
and the photolysis of hydrogen peroxide in alcohol glasses 
will be published elsewhere 
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Surface Preparation of Electrodes for Studies of 
the Electrical Properties of Dielectrics 


One of the major difficulties in the measurement of 
conduction currents and of the breakdown strength of 
homogeneous dielectrics 1s that of obtamung reproducible 
results This communication shows that to obtain such 
results mechanical polishing of the electrodes ıs to be 
preferred to the use of electrolytic polishmg It has 
already been shown! that in liquid dielectrics the scatter 
ın breakdown. values is smaller for mechanically polished 
than for electrolytically polished electrodes 

In the presence of an externally applied electric field, 
the overall behaviour of a dielectric medium 1s greatly 
affected by conditions at the electrode/dielectric mter- 
faces, for example, oxide layers, adsorbed gases and 
vapours and surface roughness The idea that asperities 
on the electrode surfaces can cause field emission into & 
dielectric at applied fields well below the theoretically 
required value ıs well known? 

In the case of liquid insulants it 1s extremely difficult 
to determine the conditions at the mterfaces?, but it 1s 
generally accepted that space charges will bmld up at 
the electrode surfaces due to the mevitable presence 
there of an effectively insulating layer The densities of 
the space charge concentrations will depend on the 
availability of ions in the bulk liquid and on the abihty 
of the surfaces to neutralize them The intensification of 
the field at the cathode 1s further mereased 1f there are 
protrusions or other irregularities on the surface®:$ 
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Fig. 1. Interferograms of polished magnesium surfaces. A, mechanic- 

ally polished to 6-254 diamond paste finish, B, electrolytically polished 

in a solution of three parts prebap orn acid and five parts ethyl 
alcoha 


A first step, therefore, towards achieving reproducible 
results in measurements on liquid dielectrics is to obtain 
consistent electrode surfaces. Under normal experimental 


‘conditions it is not possible to control the oxidation of a 
-surface but a method of producing a constant. surface 
‘smoothness may be used. 


Recent investigations’, using electrode separations of up 


to 2mm, have shown that electron emission from asperities 
can cause electrical breakdown in high vacuum. In 
longer gaps the removal by electrostatic forces of aggre- 


gates of material or impurities from the electrode surfaces 


(‘clumps’) is believed to initiate breakdown*. Therefore, 

-to obtain possible improvements in the voltage holding 

© ofa given vacuum gap it is important to know what type 
of electrode preparation gives the smoothest finish. 


For the foregoing reasons, an investigation was made of 


-. the two main methods of polishing electrode surfaces to 


determine the most suitable way of producing a consis- 
tently smooth surface. Fig. LA is a typical interferogram 
of a mechanically polished magnesium surface and Fig. 
1B is an interferogram of an electrolytically polished 
surface. The pattern produced by the electrolytically 
polished surface is very complex, showing that the surface 
is rough. Mechanieal polishing produces a distinct and 
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simple pattern which can be readily interpreted. In the 
example shown in Fig. 1d the maximum depth of a 
depression is 1:4x 10-4 mm, the maximum height of a 
high spot is 2 x 10-* mm and the scratches are 2 x 10+ mm 
wide. Mechanical polishing also gives a reproducible 
surface finish which cannot be obtamed by electrolytic 
polishing. In addition to producing a surface which may 
be even less permeable to electrons than natural oxide 
films’, electrolytic polishing may give rise to a highly 
irregular surface with pits where impurity inclusions are 
preferentially dissolved and protrusions where these are 
less soluble than the bulk metal. The microgeometry of 
an electrolytically polished surface is therefore much more 
sensitive to the inhomogeneities of the metal than is a 
mechanically polished one. 

We thank the Director of C. A. Parsons and Co., Ltd., 
for permission to publish this communication, Dr. R. L. 
Craik for help in preparing the surfaces and Mr. G. H. 
Hickling for helpful discussions. 
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Phantasies on a Natural Unity of Mass 


THE ‘artificial’ unity of mass has not been solved 
for more than half a century and its substitution by a 
‘natural unity’ cannot be considered as forthcoming. 

However, it would seem that. the day is not far off when 
a material can be identified, probably in crystalline form, 
which will be apt to define mass unity better than the 
actual microcrystalline league. 

In so far as the choice of the physical status of the 
standard material is concerned, it should be noted that the 
use of a gas (for example, hydrogen) instead of a solid 
would present two insuperable drawbacks, 

The first is that, if the pressure were not too high, the 
container would have to have considerable dimensions and 
a mass comparable with that of the gas contained inside. 

The second drawback is that counting the atoms (for 
example, previously ionized), if made one after the other, 
with the quickest technical means (for example, with a 
counter capable of 107 atoms per sec} would require a 
longer time than the estimated age of the universe. The 
atoms to be counted are indeed in this case 3x 10" for 
each kg, while the number of seconds in two thousand 
millions of years is about 6 x TO, 

A Hquid would show other drawbacks. | 

A crystal, scaled so to result outside in a form of cube 
with faces parallel to the reticular planes-—the number K 
of total elements being the same—in comparison with a gas 
offers the advantage to limit the number of elements to be 
counted down to three times the cubie root (= 34/K). 
Therefore it gives the possibility of making the count in a 
reasonable time. 

In this ease the element or elements constituting the 
material should be mononuclide, with impurities not 
exceeding about 10° and with an amount of dislocations or 
other defects also not greater than this percentage. 
Germanium, which seems to be satisfactory so far as 
impurities and dislocations are concerned, is not naturally 
a mononuclide; hence it could be used with difficulty, 
at least until simpler methods can be found for the 
separation of isotopes. Therefore, other elements or eom- 
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posite materials should be taken into consideration forthe in. 


time being, | 
- So far as the new definition is concerned, monocrystals 
should be first prepared with mass very near to 1 kg? and 
_it should be compared with the standard of Sévres, by 
means of the conventional balances and trying to reduce 
the comparison errors within one part in 10°. (In the 


» Italian National Metrology Commission, to avoid the 


: known confusion between mass kilogram (kg) and kilo- 
pram-weight (kgp), a new name ‘bes’ has been suggested 
_ instead of ‘kgp’ by Prof. Polvani, now president of the 


=. Consiglio Nazionale delle Ricerche. 
_. Seeondly, using at first methods also partially destruc- 


_ tive, as perhaps the electron microscope, or better, the field 
-emission microscope, the number of atoms aligned on each 

_ -Of the crystallographic axis should be counted. Alterna- 
tively, the distance between two reticular planes should be 
measured with an error not exceeding one part in 10, and 
also the outer dimensions of the crystal (supposed cubie, 
for example) should be measured with the same accuracy. 

From this moment onwards we can say: “The kg 
is the mass of K atoms of... °. The numerical count of 
the atoms will also give a highly accurate value for the 
Avogadro’s number N, the knowledge of which—so far as 
is known-—is now limited to one pair of parts in 105. 

Afterwards, the uncertainty in determination of the K 
value can be artificially eliminated: the round figure 
obtained in this way could be assumed as the new unit of 
Mass. 

The procedure outlined here is practically similar to that 
followed for the unity of length, when the ‘optical meter’ 
has replaced the metallic m meter of Sévres. 

l C. Eerp1 
Radio Department, National Electrotechnical Institute, 
‘Galileo Ferraris’, Torino, Italy. 
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Use of Polymethyl Methacrylate in preparing 
Thin Sections of Recent Sediments 


In the examination of Recent sediments it is necessary 
to identify accurately the mineral grains and lithie frag- 
ments which make up the deposit. Compositional 
properties such as the quantity and type of quartz, 
feldspar, calcite and the lithic, or rock, suite are keys to 
the proper interpretation of souree and dispersal of a 
sediment. Such. properties as diagenetic alteration of 
grains, mineral inclusions and specific rock types can be 
determined only by optical study of specially prepared 
petrographic thin-sections. 
 Polymethyl methacrylate, an acrylic compound with 
the. structural formula: 


CH,=C—COOCH, 


7 CH, 

was selected as the matrix mounting medium because 
molecular cross-linkages act as three-dimensional tie bars, 
thus giving great strength to the matrix. The polymer- 
ization can, also, be carried out quickly and without heat 
at room temperature. Furthermore, when polymethyl 
- methacrylate is used and mixed properly, there is only 
_ £per cent, or less, volume contraction of the medium, and 

there is no effect. from external heat or caustic chemicals 
_ on the polymerized product. | | 
_ Polymethyl methacrylate is obtainable from Claudius 
Ash, Sons and Co., Ltd., 26-40 Broadwick St., London, 
W.1, where it is marketed under the trade name ‘Stellon’, 
a denture repair material. 

The step-by-step procedure for making a petrographic 
slide of Recent sediment using polymethyl! methacrylate 
(hereafter termed ‘Stellon’) is as follows: 









(1) Assemble the following tools and supplies: (a) miero- 


scope slides, frosted, 1} in. x 3 in.; (b) wire, flat, approx. 









of powder and 4 oz. of fluid; the clear type, non- 
pigmented powder must be used. 

(2) Using the specified flat wire, make a rectangular 
mould about 14 in. by $ in. in size. The mould is posi- 
tioned on the frosted glass slide using banked-up ‘Plasti- 
cine’ to prevent leakage and air bubbles from forming 
prior to hardening. A thin smear of petroleum jelly over 
the glass will prevent subsequent sticking. 

(3) Mix, in crucible, 2 parts dry sediment to 1} parts 
‘Stellon’ powder. (Commencing with this step, the pro- 
cess is continuous and must be carried to completion 
once begun.) 

(4) Add ‘Stellon’ liquid to a slight excess of liquid over 
powder and spatulate for 25 sec and no longer. | 

(5) Pour mixed sediment slurry into the wire mould and 
then spatulate it slightly to even out any grain accumu- 
lation, The slurry will commence polymerization immed- 
iately (at a room temperature of 68° F + 10°) and will be 
completely hardened in 1 h. It is most important that 
the slurry is not disturbed or moved during the hardening 

eriod. 
j (6) Remove the hardened wafer by tapping the wire 
frame with the spatula handle and mark sample number 
on rough surface of wafer with waterproof Indian-ink. 

(7) Using 500 grit grinding powder, grind down the 
smooth side of the wafer until an adequate surface has 
been cut into the grains. (It is important that the wafer 
be ground sufficiently to provide a representative plane, 
or slice, through the artificial rock.) 

(8) Clean wafer of grit in tap water, taking care not to 
polish ground side with the drying towel. Simply blot 
dry. 

(9) For mounting, mix in a crucible, 1 part ‘Stellon’ 
powder to 1 part ‘Stellon’ liquid plus a very slight excess 
liquid. Spatulate for 30 sec. Place 2 drops of ‘Stellon’ 
liquid on polished side of wafer. Immediately pour slurry 
on to frosted side of glass slide. Shake excess liquid from 
wafer and gently lower wafer on to slide, using care not to 
entrap air bubbles. Apply pressure to wafer and move it 
back and forth to remove surplus slurry and any air 
bubbles. A small weight may be placed on the wafer to 
hold it firmly during a 1-h cementing period. Mark sample 
number on the glass slide. . 

(10) Grind the slide-mounted wafer as would be done 
with a normal rock. Place slide in water for 10 min and 
lift the very thin acrylic wafer off and wash it in tap water. 
At this time, the wafer may be trimmed with a pair of 
scissors. E je 

(11) Number a clean glass slide with a diamond stylus 
and attach the thin wafer to it. Position the wafer with 
a spot of ‘Durafix’ in one corner. EE 

(12) Place slide on 95° F hot-plate and cover-slip on 
130° F hot-plate. Ea 

(13) Lift wafer and place a small amount of filtered 
Canada balsam beneath. Press wafer down and cover 
with another small portion of balsam. Overlay with cover 
slip, position and allow slide to cool 1h. Remove surplus 
balsam with a hot knife and clean with methyl alcohol. 

Slides prepared by the foregoing technique (Fig. 1) are 
chemically and physically stable; the polymerized poly- 
methyl methacrylate does not discolour with time or with 
changes in temperature. We have made petrographic 
slides of unconsolidated sediments which ranged in size 
from argillaceous silts to mixtures of coarse sand and 
pebbles. The optical properties of the various minerals 
are in no way altered or obliterated. The refractive 
index of ‘Stellon’ is slightly less than that of quartz, and 
we suggest that the refractive index be checked for 
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Fig. 1. Photomicrograph of lithic-quartz sand from Cardigan Bay, 

about two miles south-west of Borth. Note that the types are readily 

determined as a mixture of arenite and vacuole quartz grains. The 

large quartz grain in centre S een i mm in diameter (crossed 
nicols 


each new batch of ‘Stellon’ in case of slight changes in com- 
pounding by the manufacturer. 

This technique has been developed during the course of 
research into the composition of Irish Sea sediments. The 
investigation is directed by Prof. Alan Wood and is 
supported by a grant from the Department of Scientific 
and Industrial Research. 

J. R. Moors IH 
S. H. GARRAWAY 
Department of Geology, 
University College of Wales, 
Aberystwyth. 


A New Fossil (Papillomembrana sp.) from the 
Upper Precambrian of Norway 


A wew fossil was recently found during investigations 
of the rocks of the Sparagmite group in Southern Norway. 

The body of the fossil has a thin outer membrane, 
which, in thin section, is opaque; presumably the sub- 
stance is carbonaceous. Its most conspicuous features 
-are the dense papilla-like protuberances of the membrane. 
-They are thin-walled, hollow and about 40-454 long and 
"8-10 thick. They are usually somewhat swollen at 
their apices, and some carry hooks and small spines. The 
“pases are generally expanded, and the voids of the pro- 
tuberances seem to open into the body cavity. 

In the two best preserved specimens (Figs. 1 and 2), 
structures are visible in the interior of the body which 
appear to be a detached, irregularly folded membrane. 
Besides this membrane, there are irregular lumps of 4 
- -yellowish-brown substance, presumably organic. This 
‘substance is not found outside the fossil. The original 
-shape of the fossil is not known; all five specimens that 
have been. observed are compressed. The sections indi- 
‘eate that it could have been cylindrical or spherical, and 
about 0-4-05 mm in diam. The fossil has been named 
Papillomembrana compia gen. nov. sp. n. 

-The affinities of the fossil are uncertain. It has a rather 
complex structure, considering its great age; similar 
-o structures, so far as I know, have not been reported from 
 .gueh old beds before. 
© Papillomembrana has some superficial resemblance to 
the dasyeladacean algae. The body cavity might corre- 
spond to the thallus, and the papille to the primary 
branches. Mest dasycladaceans are inerusted with lime, 
‘but specimens with a carbonaceous skeleton are known. 
Papillomembrana is only slightly smaller than Vermiporella 
and other small dasycladaceans. The internal structures 
are. however, different from anything found in this group 
and recall an organism with a double wall. Much further 
work is necessary to ascertain the systematic position of 
Papillomembrana. 
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In addition to the specimens of Papillomembrana, there 
are some other less well-defined fossils in the same rock. 
They consist of thin-shelled, hollow carbonaceous spherical 
bodies with a diameter of 25-100u, and thin carbonaceous 
films which in some cases have spines and other outgrowths 
on their upper side. These spines are, however, consider- 
ably smaller than those Papillomembrana. They resemble 
some of the structures described and named by Timofeev 
from beds of ‘early’ Precambrian age’. u 

The fossils are found in a black mudstone pebble in the 
basal part of the Biri Conglomerate Member of the 
Brettum Formation. This formation, which is the oldest 
one in the Sparagmite Group, is of Esmarkian age 
(‘earliest? Precambrian). The mudstone, which is highly 
carbonaceous and remarkably free of clastic material 
coarser than clay, is found as rare pebbles in the typical 
section of the conglomerate along road 50 at the western 
side of Biskopdsen in Ringsaker (120 km north of Oslo). 





( ae L {p The holotype, 
median section (x g. 104). (2) Detail of the holotype, showing the 
papilie, and part of the structures in the interior {x ¢.385), (3) A 
completely compressed specimen, showing hollow papilie. All figures 
from a thin section of a pebble in the Biri Conglomerate merber of the 
Brettum Formation (Esmarkian) at Biskopisen, Ringsaker, The 
specimens belong to Paleontologisk Museum, Oslo, Reg. No. 73173 


Figs. 1-3. Papillomembrana compia gen, ROV., ap. U, 
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scribed, and references given by Holtedahl*. The strati- s 


graphie position of the various units of the Sparagmite 
group is shown i in Table 1. 
Table 1 





Chronosteatigraphical units 
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The imbrication of the pebbles found in some beds of 
the Biri Conglomerate indicate a transport from a 
southerly direction. The pebbles of unmetamorphic 
sediments are concentrated in the basal part of the con- 
glomerate. It might be assumed that when the relief was 
sharpened by a slight movement along the fault lines 
bordering the Sparagmite basin, the sediments on the 
outer margins of the basin were eroded and deposited at 
the base of the conglomerate. It can therefore be 
assumed that the mudstones in which Papillomembrana 
are found correspond to the lower part of the Brettum 
Formation, as its lateral facies outside the basin proper, 
or that they correspond to Esmarkian beds older than the 
Brøttum Formation. At present, Cambrian beds rest 
directly on the Precambrian crystalline basement to the 
south of the Sparagmite basin, and all traces of the mud- 
stones and other Esmarkian rocks were therefore probably 
removed by erosion prior to the deposition of the Cam- 
brian. Radioisotope age of the Precambrian basement 
farther south? indicate that it is comparatively young, 
8-900 million yeats, and these give a probable maximum 
age for Papillomembrana. 

. Ithank Prof. O. Holtedahl, Prof. O. A. Høeg and Dr. S. 
Manum for discussions about these fossils. It was Prof. 
O. Holtedah!l who, in 1943, encouraged me—then a very 
young student-—-to look for fossils in the Sparagmite 


group. 


“Institute for Geologi, 
Blindern, Oslo. 


x Timoteon, B. V Prob. Geol., (Moskva), B, 177 (1960). 
* Holtedahl, 0. Norges Geol. Unders, Skr., 208, 111 (1960). 
* Neumann, H., Norsk Geol, Tidsskr., 40, 173 (1960). 
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CRYSTALLOGRAPHY 


Structure of 10,10-Dibromoanthrone 
As part of a programme devoted to the examination 
of electron. lability in various classes of organic com- 


ds, we have determined the: erystal and molecular 
of bee halogen. derivative of anthrone: 10,10- 








The co pound was prepared by the reaction of bromine 
with anthrone in’ carbon disulphide. The erystalline 
reaction products appear as light lemon-coloured rods 
having a rhombus-shaped cross-section. They are not 
stable in air at room temperature for extended periods. 
However, they do keep well under refrigeration, and we 
have been able to draw excellent crystals from a batch 
kept in the refrigerator over a 12-month period. 

Two specimens were used for the collection of the data. 
They were very much alike in shape and size having lengths 
















was used for ET equi-inolination Weissenberg Hg 
photographs (copper Ka-radiation) of levels 1=0 to l=10. — 
About 49 per cent (1,122 out of 2, 297 possible) of the _ 
available reflexions were recorded on. film, and intensities _ 
were measured by visual comparison with a graded _ 





standard. Lorentz and polarization factors were applied ` 7 


to all of the data, and in addition, the Weissenberg data 


were corrected for absorption effects. The various sets of 
Weissenberg data were scaled together using commonly 


occurring reflexions observed on the precession camera  ă =o 


fims. 


14. The density calculated for Z = 4 is 1-91 g/e.c. and that 
determined in n-heptane with the Berman balance is 2-00 
gjc.c. Linear absorption coefficients for copper Ka- and 
molybdenum A«-radiation are 90-486 cm~ and 75-44 
cm.~? respectively. 

A three-dimensional ‘cold-atom’ Patterson function was 
calculated, and analysis of Harker-related bromine- 


. bromine interactions led to location of the heavy atoms. 


Three least-squares refinement cycles were made on the 
bromine positions using the set of 485 of the strongest 
reflexions. The R-factor dropped to 26 per cent and a 
3-D Fourier was calculated using bromine phases only, 
Of the fourteen carbon atoms and one oxygen atom 
omitted from the structure factor calculations, eleven 
carbon atoms and the oxygen atom appeared clearly in the 
Fourier as well as the bromine atoms. The positions of the 
three missing carbon atoms were postulated from chemi- 
cal considerations and the resulting seventeen-atom struc- 
ture refined rapidly in four cycles from 32 to 14 per cent. 
Structure factors and least-squares refinement were 
computed now for 1,122 observed reflexions and in three 
cycles the R-factor dropped from 40 to 17-5 per cent. 
Individual isotropic temperature factors for all atoms 
were varied for all refinement cycles which included the 
complete contents of the asymmetric unit. Table 1 lists 
fractional co-ordinates and temperature parameters for a 
complete molecule. Fig. 1 is a crude sketch of the structure 
viewed along c. The circles represent bromine atoms and 
the long lines represent the carbon planes seen edge-on. 
Fig. 2 is a drawing of the structure projected on to (010). 

Our earliest conceptions of the conformation of this 
molecule were based, in large part, on the stereochemistry 
of a molecule built of model atoms designed to exhibit 
correct van der Waals’ volumes. In such a model, the 
anthrone system assumed a puckered form. In contrast, 
our results show that the ring system is close to being 
planar. The sum of the bond angles about the carbonyl 


Table 1 








Atom Na, Atom type aA oe 
1 Bromine 0795 53 
2 0-682 Be 
3 Oxygen 0-861 8-1 
4 Carbon. 0-520 68 
5 7: 0343 iv Oe} 
8 ie 0315 | #9 
7 i 0-441 49 

10 t 0-273 BL 

il a 0132. ae 

12 tt ` 0:837 : B8 

14 ce 0-970 424 
$: 


The unit cell was found to be monoclinic (b-axis unique) ~~ 
with a= 9-09 + 0-02 A, b= 10-52 + 0-03 A, c=15-64+0-04A 
and 6 = 125° 10’-+ 5’. The observed symmetry extinctions 
give unambiguous assignments of space group P 2,/e, No. 
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Fig 1 View of the structure along the c-axis 


Fig 2 Projection of the structure on to (010) 


carbon atom is 359 9°, and the sums of the bond angles 
about the carbon atoms which are shared by rmg systems 
are 359 7°, 358 9°, 356 3° and 359 9° 

The plane contammg the bromine atoms and the 
tetrahedral carbon atom to which they are bonded is 
approximately perpendicular to the plane contamimg, the 
tetrahedral carbon atom and the two carbon atoms m 
the ortho positions in the centre nng The angle between 
the two planes ıs 921° Our first model also implied 
that the bromine atoms were placed unsymmetrically above 
and below the rmg system The calculated mteratomic 
distances between the bromine atoms and the carbon 
atom para to the tetrahedral carbon atom are 4 384 A and 
4475 A Accordingly, the molecular structure 1s a close 
approxmmation to that produced by two mtersecting mirror 
planes One of these contains the rng system The other 
contains the two bromine atoms and the carbon atom. to 
which they are bonded. 

The intramolecular bromine~bromune distance 1s 3 169 A, 
in very close agreement with the value of 317 A found m 
CBr,}. The shortest mtermolecular bromime-—bromine 
distance 1s 4203 A The closest mtermoleculaı carbon- 
carbon distance 1s 3556 A Unusual carbon-carbon 
distances of 1610 A and 1575 A are found between 
C,,-C,, and C,,.-C,, respectively Also there are some 
short carbon-carbon distances of 1 238 A, 1 310 Å, 1 296A 
and 1326 A im the rng systems JF ouner and difference 
Fourier syntheses indicate anisotropy in the thermal 
motion of the atoms, and the decision as to the validity of 
these distances will depend on least squares refinement 
using anisotropic thermal parameters 
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The molecular packing leaves infinite channels extending 
in the a direction between the parallel planes of centro- 
symmetrically related molecules There do not appear 
to be any discrete large holes or cavities ın the structure 

We thank Miss A Paulme Krukonis for estimation of 
the 3-D intensity data and Dr T Mukherjee for prepara- 
tion of this compound 

JERRY SILVERMAN 
N F Yannoni 


Crystallography Section, 
Energetics Branch, 
Space Physics Laboratory, 
Air Force Cambridge Research Labouatonies, 
L G Hanscom Field, 
Bedford, Mass 


1 Sutton, L E , Interatomie Distances (Chemical Society, Burlington House 
London, Wi, 1958) 


CHEMISTRY 


Preparation of Very High Specific Activity 
lododeoxyuridine, lodouridine and lodouracil, 
labelled with lodine-125, -13!1 or -132 


As part of a contribution to a study of the relative 
merits of radioactive substances used for bram tumour! 
localization we were asked to prepare 1I-5-10dodeoxy- 
uridine of very high specific activity (of the order of 
100 uc./ug) and in a solution suitable for myjection mto rats 

Two methods of synthesizing the unlabelled compound 
have been reported by Prusoff? In the first of these, equal 
weights of deoxyuridine and iodine are refluxed together 
with chloroform and nitric acid, and the product ıs separa- 
ted by crystalhzation This method was successfully 
used to prepare “1J-labelled samples of low specific 
activity, using many milligrams of iodine carner In the 
second method, equal weights of deoxyuridine and 10odine 
are heated in a solution of sodium hydroxide, and the 
product 1s separated from the reactants by elution from 
an anion-exchange column with 01 N formic acid This 
method was also utilized ın preparmg low specrfic 
activity samples, but the resulting solutions were too toxic 
to be used n vwo 

There are obvious practical limitations to the specific 
activity which may be achieved ıf the product is to be 
isolated by crystallization, so we first sought an alternative 
method of isolation Using approximately 4 mg each of 
deoxyuridme and low specific activity 1ododeoxyurnidine 
(prepared by the first of the methods outhned here and 
purified by several recrystallizations from hot water) 
dissolved in 2 ml of 01 N sodium hydroxide, we found 
that the two compounds could be separated from one 
another by elution from an anion-exchange column with 
001 Matric acid The column was of ‘Amberlite CG-400 
resin’, 100-200 mesh, previously conditioned with 01 M 
hydrochloric acid and washed with water, 1ts dimensions 
were 22 cm x 0 5cm diam 

The elution curve so obtamed ıs shown ın Fig la The 
two compounds were identified by ther ultra-violet 
absorption spectra (deoxyuridine has an absorption peak 
at 262 my and 1ododeoxyuridine at 288 mp, in 001 M 
citric acid) and the 1odinated compound by its activity 
measured in a well-type scintillation counter The eluate 
containing the 1ododeoxyuridine was itself suitable for 
use 2n vwo, but if required could readily be buffered and 
made isotonic with normal saline by adding the appro- 
priate weights of sodium phosphate and sodium ertrate 

In order to attain the required high specific activity we 
next carried out the iodination with carner-free 1]-1od:de, 
so that the specific activity of the product would be 
limuted only by the presence of traces of inactive iodine 
contaminating the reactants or the glassware which were 
used This was achieved by refluxing together 16 mg 
deoxyuridine, 04 ml 1 N nitric acid, 0 2 ml chloroform, 
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Fig 1 Elution of (a) deoxyuridme and ™*I-5-:ododeoxyuridine, (b) 

uridine and **[-5-lodouridine, and (¢) uracil and ***I-5-10douracil 

from column of ‘Amberhte CG@-400’ resin with 001 M citric acid at 

apie transmission density at 
62 mg 


room temperature ry 


and 01 ml carrier-free 'J-iodide solution contaming 
about 25 me iodine-131 (This solution was supplied by 
the Radiochemucal Centre, Amersham, Code TBS-3, and 
was essentially 0 02 N sodium hydroxide ) After refluxing 
for 2h on a water-bath, the aqueous phase was separated, 
made just alkaline with 05 M sodium hydroxide, and 
placed on an anion-exchange column prepared as described 
here The column was washed with 35 ml 001 sodium 
hydroxide, which carried off less than 1 per cent of the 
initial 45!J-1odine activity, presumably that which was 
still present as 10dide 

On eluting with 0 01 M citric acid, the deoxyuridine was 
first removed and identified as before Next, at the stage 
at which :ododeoxyuridine was expected to be eluted, 
about 50 per cent of the 1odine-131, measured this time by 
means of a re-entrant ionization chamber, came off the 
column in a single peak ın some 10 ml of eluate No in- 
active 1ododeoxyuridine could be detected by ultra-violet 
absorption spectrometry, the detection limit bemg about 
l ug/ml The specific activity of the iodinated product was 
thus at least 100 uc Jug (probably in fact much higher) 
while the specific activity of the eluted solution was more 
than 100 uc /ml This was adequate for the subsequent on 
vwo studies, but samples of higher specific activity could 
obviously be obtamed by collecting only the fractions 
under the peak of the elution curve, or by using more 1311- 
1odide in the synthesis The ™1!I-10dime which remained 
after elution with citric acid was believed to be present in a 
high oxidation state, being only removed from the 
column with difficulty As a check on the identity of the 
131] -10dinated product, ın a later experiment we spiked the 
reaction mixture with inactive s:ododeoxyuridme just 
before starting to separate the products The activity 
peak in the elution curve then corresponded exactly with 
the peak for ultra-violet absorption at 288 mu 

Attempts to carry out the iodination under alkaline 
conditions, as in the second of the methods reported by 
Prusoff, were completely unsuccessful with carrier-free 
10dine, none of the activity bemg eluted from the anion- 
exchange column by crtrie acid 
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Prusoff, Holmes and Welch’ have described syntheses of 
low specific activity 41I-5-10douridine and 1J-5-10doura- 
cil We have also prepared these compounds, but in high 
specific activity, usmg the method described here for 
1ododeoxyuridine Calibration elution curves for the 
separation of uridine from iodouridine, and of uracil from 
10douracui, are shown in Fig 1, curves b ande For these 
two iodinated compounds, as for *91]-5-1ododeoxyuridine, 
the specific activity attamable ıs lrmted only by the 
presence of traces of inactive 1odme ın the reactants or on 
glassware, and by the quantity of 1tIL-1odiıne which can 
conveniently be handled 

Myers and Vanderleeden* have shown that for many- 
biological studies the physical properties of 10dine-125 
make it more attractive than iodine-131 as a radioactive 
tracer With this m mind, we have used the iodination 
and separation methods already described to prepare 
125T Jabelled iodouracil, z.odouridine and 1ododeoxyuridine 
Since at present 10dme-125 ıs not available in carrier-free 
form, each product was necessarily of relatively low specific 
activity, but because of the longer half-hfe of 1odine-125 
(57 4 d, compared with 8 05 d for 1odine-131) the shelf-lhfe 
was also longer In contrast, carrier-free 10dme-132 
(half-hfe 23 h) may readily be obtained (by milking its 
parent tellur1um-132 supphed in suitable form by the 
Radiochemical Centre, Amersham, Code TMC1) We 
have been able to prepare the same 10dinated compounds 
labelled with this isotope, agam in high specifie activity, 
using the same methods as before but reducing the 
refluxing time to 30 min 

It 1s worth noting that carnier-free *1]-10dine has also 
been used recently by Reith and Tampuion' in preparing 
very high specific activity samples of I-labelled tyrosines 

The samples of 1odine-131 and 1odine-132 (tellurruam-132) 
used in our work were obtained from the Radiochemical 
Centre, Amersham; the 1odine-125 was made on the 
Medical Research Council cyclotron, but may also be 
obtained from the Radiochemical Centre The deoxy- 
uridine, uridine and uracil were obtamed from L Light and 
Co, Ltd 

We wish to thank the director of the Medical Research 
Council Cyclotron Unit, Mr D D Vonberg, for his m- 

terest and for permission to publish this work 
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Radiation-induced Hydrolysis of Acetal: Evidence 
for the Reaction of H;O+ lons in Spurs in the 
Radiolysis of Water 


It has recently been exper:mentally demonstrated that 
in water close to pH 7 (ref 1) and at pH 4 (ref 2), the 
reducing radical formed during radiolysis bears a unit 
negative charge. This suggests that an ejected electron 
escapes from its parent HOt ion It follows that H,O+ 
10ons should temporarily exist in a spur The H,O* 10ns, 
or ther hydrolysis products, H,0+(H,0++H,0-—>-H,0+ 
+ OH), might cause a suitable solute to ‘see’ a spur as a 
volume which temporarily has a lower pH than the body 
of the solution The purpose of this communication 1s to 
present some experimental results which we interpret as 
evidence for this effect 

We have irradiated aerated aqueous solutions of diethyl 
acetal with 50-kVp X-rays A bmef description of the 
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thermal hydrolysis of acetal will explain our choice of 
solute. Acetal ıs stable m solutions of pH =7. It 1s 
extremely sensitive to hydrolysis catalysed by H,0* but 
not by undissociated acid molecules’, for example undis- 
sociated acetic acid The hydrolysis kmetics are first 
order with respect to H,O+ and acetal Acetaldehyde 
(AcH) and ethanol are formed 


OC.H, o 
H,0+ M 
CH,- H +H,0-——>CH,C +20,H,0H 
OC.H, H 


Solutions were buffered at pH 7 usmg a potassium 
dihydrogen phosphate -sodium hydroxide buffer The 
Fricke dosimeter, using G(Fet*) =14 5 for 50-kVp X-rays, 
was utilhzed for dose-rate measurements After irradiation 
it was observed that acetaldehyde and ethanol had been 
formed Acetaldehyde and ethanol were identified by 
ther retention times on a 25 m gas chromatographic 
column packed with a mixture of 40 g of diglycerol on 
100 g of ground firebrick The diglycerol retamed 0 5 ml 
samples of water while the hydrolysis products and acetal 
were eluted by a flow of nitrogen Acetaldehyde was also 
identified by its broad absorption peak at 2750 A (ethanol 
and acetal do not absorb at this wave-length and a blank 
compensated for the small absorption of potassium dı- 
hydrogen phosphate) Quantitative analysis for acetalde- 
hyde was carried out by measuring the optical absorption 
of irradiated solutions at 2750 A, usmg an extinction 
coefficient of 8 5 1 mole-!'cm-1 The amount of acetal 
remang after irradiation was then determined by com- 
pletely hydrolysing the solution by addmg a few drops of 
concentrated sulphuric acid and measurmg the total 
acetaldehyde thus formed 

For doses up to about 5 x 1023 eV 1-1 and at an miıtial 
acetal concentration of 0 14 moles 1-1, G(AcH) was con- 
stant and equal to G(— acetal) within 10 per cent Beyond 
this dose, oxidation of ethanol and reduction of acetalde- 
hyde became too significant to permit mterpretation of 
the results G (ethanol) was not determmed A plot of 
G(AcH) agaist initial acetal concentration imcreased from 
the origm and became constant at G(AcH)=2 0+ 0 2 and 
at an muitial acetal concentration equal to 4x 10-? molar 
(Fig. 1) These results refer only to radiations of less than 
5x 10% eV1l-! dose Neutral buffered solutions, rrradiated 
at a dose rate of 4 5x 101° eV 1-1 sec-!, formed acetalde- 
hyde at a rate comparable with that observed in thermal 
hydrolysis at pH 4 When solutions (pH ~6 8) were not 
buffered, an unirradiated solution hydrolysed to a small 
extent, but radiolysis produced much more acetaldehyde 
in the same period of time 

These results are mterpreted as hydrolysis catalysed 
by H,O* 10ns formed m spurs, in competition with both 


G (acotaldchyde) molecules/100 cY 
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neutrahzation of H,O+ and dilution of H,O+ by spur 
expansion We assume the rate constant for attack by a 
proton on an acetal molecule to form an ion-molecule to 
be at least 10°1 mole sec -t because this type of reaction 
is usually diffusion controlled If this were true, acetal 
would be easily capable of reacting with H,O+ during the 
early stages of the lifetime of the spur Admuttedly, a gap 
exists In our argument since we must assume that the 
next stage ın the hydrolysis reaction proceeds at a con- 
siderably greater rate than deprotonation. 

In a spur, G(H,0+) should equal G( OH) Based on an 
estimated average initial lmear energy transfer in the 
solution of 0 15 eV/A, G( OH) for neutral water should be 
between 1 4 and 2 0 (refs 4 and 5) Decomposition of the 
10n-molecule formed from H,O+ and acetal should be a 
relatively slow step compared with spur expansion due to 
diffusion Thus the charge distribution ım the spur should 
approach that ın the body of the solution during the time 
required for one acetal molecule to hydrolyse It 1s there- 
fore not unreasonable that one H,O+ 10n only catalyses, on 
the average, the decomposition of about one acetal mole- 
cule, that ıs, that G{AcH) ıs of the same magmitude as 
G(H,0*) 

If a free radical mechanism were operative, one would 
expect G(AcH) to reach a muting value at a much lower 
initial concentration of acetal than observed For 
example, most solutes scavenge the radical yield of H and 

OH and start to compete for precursors of H, and H,O, 
at about 10-* molar (ref 6) 

For an irradiated solution to have an ‘apparent pH’ of 
four, the pH ın a spur must be much lower Ina 004 
molar acetal solution, a spherical volume with a radius of 
30 A contains three acetal molecules If a spur of the 
same volume contained three H,O* ions, the pH. im the 
spur would be 1 4 

We beheve this is the first trme a reaction ın radiation 
chemistry has been interpreted as hydrolysis catalysed by 
H,O+ ions formed during the primary radiolytic processes 
in water However, observations have been made by 
others ın the radiolysis of carbohydrate solutions which 
might be explamed by acid-catalysed hydrolysis For 
example, radiolysis of dextran solutions yields products 
which can also be produced by thermal, acid-catalysed 
hydrolysis? Raduiolysis of aqueous ethyl acetate solutions 
has also yielded the hydrolysis products ethanol and 
acetic acid? 

It is possible that a pH effect such as we have described 
contributes to biological damage caused by 1onizing 
radiation 
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Action of Polar Reagents on Nylon 66 


Various workers have reported on the action of hthium 
bromide and simular salts on simple amides and fibrous 
proteins and have offered contrary explanations as to the 
mechanism of interaction ıb 1s therefore mstructive to 
consider the effect of these reagents on polyamides 

In the investigation recorded here, nylon 66 films, c 10u 
thick and partially oriented by cold drawing, and nylon 66 
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Fig 1 Infra-red spectra of nylon 66 A, Treated im magnesium 
perchlorate, 80° C, 12 h, B, untreated film --—-, Parallel, ——, per- 
pendicular to direction of stretching 


filaments, 75 demer, commercially drawn, were treated 
with aqueous solutions of hthium bromide (100 2/100 ml 
water), magnesium perchlorate (100 2/100 ml water) and 
lithium perchlorate (50 g/100 ml water) for 12-24 h at 
temperatures ranging from 20° to 100° C Deuteration 
was carried out by exposing the films to deuterrum oxide 
vapour at 20° © The films were exammed on a Grubb 
Parsons double-beam infra-red spectrometer, using polar- 
ized radiation, and the X-ray diffraction patterns and 
stress-stram behaviour of the filaments were exammed 
Auxillary experiments were carried out to study the effect 
of the reagents on polyacrylonitrile fibres and on N-ethy!l- 
acetamide, and the effect of antimony trichloride on 
nylon 66 

The spectral evidence 1s illustrated in Figs land2 A 
strong interaction between the polar reagents and the 
peptide group is indicated a new peak appears at 3,390 
cm- and, apart from the broadening of amide bands in the 
1,400-1,600 cm-! region, no significant change in spectra 
is noticed On deuteration, the 3,390 cm~ peak disap- 
pears and a band appears at 2,618 cm~ Keeping in view 
the results obtained by other workers!-‘, 1 is suggested 
that the peak at 3,390 cm-! 1s a new N-H band, for the 
following reasons’ 

(1) With the appearance of the new band, the intensity 
of the original N-A band at 3,300 cm~ gradually dumun- 
ishes 

(2) X-ray evidence is that the interaction 1s confined to 
the less-crystalline regions, and this ıs confirmed by the 
spectral changes when the treated films are deuterated 
The broad band due to free water molecules and the new 
peak disappear rapidly compared with the residual peak 
at 3,300 cm, but on re-hydrogenation the O—D band 
disappears even durmg the scanning period while little 
change is noted in the 2,518 cm-! band this indicates that 
the peak at 3,390 cm~11s probably not a sımple O-H one 

(3) The new peak shows slight parallel dichroism and 
this does not favour its being due to sorbed water 

Considering the two possible resonance structures of the 
peptide group® 
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Fig 2 Infra-red spectra of nylon-66 A, Treated in magnesium\Xper- 
chlorate, and deuterated, B, untreated film, deuterated - ~~ Par- 
allel, ~—~—, perpendicular to direction of stretching 
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and assuming that a consistent part ıs played by the 1ons 
in an 1on-dipole interaction, one may reason out the most 
probable configuration of electrophilic ions with respect 
to the ligand® 

(1) The marked change in the 3p region (NH. stretching 
mode) and the absence of change m the amide I band 
(essentially the C=O stretching vibration’) do not favour 
co-ordination as in (4) It may be objected that the 
broadening of the amide bands in the presence of water4 
would mask any effects in this region, but when nylon 66 
is dissolved in molten antimony trichloride, the presence 
of an N—H peak at 3,400 cm-!, amide I band at 1,680 cm~ 
and amide II band at 1,605 cm-1 indicates that reagents 
which attack C=O groups! can bring about a more radical 
change in the spectrum than 1s reported here We suggest 
that degradation of molecular chains, resulting ın a large 
number of CONH, groups, may be responsible for these 
changes in the amide I and IT bands 

(2) Polyacrylonitrile fibres dissolve ın aqueous solutions 
of magnesium perchlorate and lithium bromide one 
would think that the 1ons would mteract with the cyanide 
groups and, therefore, that the mtrogen atom would play 
an important part 

(3) Co-ordination thiough the nitrogen atom, as shown 
in (B), generally results in lowering of the N-H stretching 
frequency®, unless the ligand is highly associated by 
hydrogen bonding, when the frequency may be raised® 
Hence the increased frequency observed here may well 
result from an ioni¢ interaction as shown in (B) 

(4) Nylon filaments treated ın the foregomg aqueous 
solutions show a definite decrease in imtial modulus and 
insignificant molecular ghde prior to rupture, when 
stretched If greater rotational freedom 1s imparted to the 


a tation J A mon tpg, TAR atm petted, pr oe ret cae an - : “an rh 


October 5, 1963 


chains by the single-bonded (B) structure, there will be a 
decrease ın the mitial modulus?* and at the same time a 
closer ahgnment of the polyethylenic segments will be 
possible and this will eliminate the gliding of molecules 

(5) When lithium bromide 1s dissolved in N-ethylacet- 
amide there is some sharpening of the broad band in the 
nuclear magnetic resonance spectrum, although the vis- 
cosity of the solution 1s higher than that of the pure 
solvent This may be attributed, very tentatively, to a 
decrease in the effective delocalization of the lone-pair 
electrons of the nitrogen atom" 

It 1s concluded that the probability of an 10n-dipole 
interaction at the nitrogen atom®-!2 in polyamides, when 
they are treated with polar reagents, may not be ruled out 
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Reaction Kinetics of the Atomic Oxygen- 
Graphite System 


A RECENT communication by Marsh et al 1 reported the 
existence of a small activation energy for the reaction of 
graphitic carbon with atomic oxygen at temperatures 
below 350° C Investigations carried out m this labora- 
tory provide a quantitative measure of the activation 
energy and suggest reasons for the poor agreement with 
earlier reports? which indicate a zero activation energy 

The high-frequency electrodeless discharge system used 
in these studies consisted of a 13 56 Mc/s oscillator capable 
of supplying 250 W to the gas and a 4-cm diameter boro- 
silicate glass reaction tubet Oxygen was admitted to the 
system at arate of 30 c c Jmm s T.P and maintaimed at a 
pressure of 1 3 mm mercury The rate investigation used 
spectroscopic grade graphite rods (National Carbon Co , 
No 3829) 64 mm long and 61 mm in diameter, with 
pyrolytic carbon and activated charcoal used in supple- 
mentary experrments The oxidation rate was determmed 
from the loss in weight of the carbon rod after a 15-mm 
exposure to the oxygen plasma 

As the oxidation of carbon with oxygen is a surface 
reaction, the temperature at tho surface of the specimen 
ig considered to be the significant parameter This 
temperature was obtained from measurements of the 
infra-red radiation ın the 1 2—2 5u range emitted from the 
carbon rods The temperature measuring device, consist- 
ing of an optical telescope, a Ge filter, and PbS semicon- 
ductor detector (Infrascope Radiation Thermometer, 
Applied Systems Corp, Palo Alto, Cahf, 1963), was 
calibrated with a source of known temperature and similar 
emissivity 

The relationship between oxidation rate and surface 
temperature over the range 215°-300° C for a graphite rod 
immersed in the plasma ıs shown m Fig 1 The Arrhenius 
equation, k= Ce-Zafk7, fits the data well and yields a 
value of 6 5 kcal/mole as the activation energy, Ha A 
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Fig 1 Ovxidaton rate of spectroscopic grade graphite rods im electric- 
ally activated oxygen as a function of surface temperature 


major source of heat 1s the exothermic oxidation reaction 
As the average sample temperature, which 1s considerably 
lower than the surface temperature, does not merease in 
direct proportion to surface temperature, use of the 
average sample temperature will lead to a low value of the 
activation energy 
Several other factors strongly affect activation energy. 

Metallic ımpurıtıes are known to lower the requisite 
activation energy® and increase the oxidation rate of 
graphite® For example, the measured activation energy 
of a spectroscopic graphite rod wetted with 0 01 N cupric 
chloride ıs 12 per cent lower than that of a pure rod 
Preliminary expermments indicate that m addition to 
neutral atomic oxygen (3p, and 1p,) 10n1¢e species such as 
O,+(2;,) and negatively charged species of oxygen also 
contribute to the overall reaction rate in the radio- 
frequency excited plasma Applying a de potential of 
— 25 V to the carbon specimen reduces oxidation rate to 
50 per cent of the rate of a comparable sample at 0 to 
+200 Vdc Measurements of atomic oxygen concen- 
tration made with differential thermocouple recombina- 
tion probes’ do not correlate well with the observed oxda- 
tion rates The apparent discrepancies m activation 
energy may be due, in part, to different proportions of 
active species of oxygen produced by the various discharge 
systems 
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Thermal Stability of Polynuclear Aromatic 
Hydrocarbons and the Polarographic Half-wave 
Reduction Potential 


Wes have noted a relation of the thermal stability of 
certain polynuclear aromatic hydrocarbons to the polaro- 
eraphic half-wave potential In attempting to find some 
theoretical justification for this relation, 1t was found that 
Bergman! had related the Æ; to the ‘p’ ultra-violet band 
as determmed by Clar? Also, Basu’ has related the Ej: 
to the lowest unoccupied energy orbital Thermal 
stabilities were determined by Madison‘ by pyrolysis 
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Table 1 THERMAL STABILITY AND THE Eua ‘p’ BAND FREQUENCY, AND ENERGY OF LOWEST UNOCOUPIED ORBITAL 
Energy? of 
Compound Class Furs ‘p’ Band lowest unoc- Moles! of gas produced/ Temp 
(V3) cm (ref 1) | cupied orbital moles of charge (°C) 
Naphthalene I —1 98 35,090 0 618 2x10" 500 
Phenanthrene I —1 95 34,190 0 805 29x107 500 
Chrysene af ~1 80 31,358 0 520 46x10" 475 
Dibenz (a,k)-anthracene I — 1 545 28,480 0 473 15x 10 475 
Benz (a)-anthracene I — 1 53 27,860 0 452 22x10° 475 
thracene I —1 46 26,700 0 414 37 x10 475 
Naphthacene I — 1 135 21,280 0 294 414x 10° 475 
Trrphenylene* _— — 1 97 35,210 0 684 24x10" 475 
69x10" 500 
Pyrene It ~161 29,990 0 445 11x10" 475 
Benz (a@)-pyrene It —1 36 26,010 10 x 10-5 475 
Bıphenyl IXI — 2 075 40,000 % decomposed =0 1 (ref 6) 900°F 
p-Terpheny! it ~1 905 36,230 % decomposed = 0 28(ref 6) 900°F 
fluorene Iv — 2 65 (ref 5) 183 x 10 475 
Acenaphthens Iy ~2 58 (ef 5) 128 x 10-5 465 





* Note that although triphenylene ought to he related structurally to Group I, its Exs does not plot lmearly with the ‘p’ band frequency. It would, however, 


be valid to compare a triphenylene anellation series 
t Note that temperatures and times nullify apparent reversal 


followed by mass spectrometric analysis of the gas phase 
products. Table 1 presents the composite data’ there 
the compounds are grouped into classes on the basis of 
Bergman’s classification The groups have theoretical 
justification in so far as that compounds of the same 
class plot lnearly with respect to Æj versus ‘p’ band 
frequency Further, comparisons are vald’ (a) 1f the 
compounds are planar molecules of the same class; and/or 
(b) ıf the compounds are members of an anellation series 
(for example, naphthalene, anthracene, naphthacene) 

It is interesting to note that “the E,,. for an 
aromatic hydrocarbon measures the energy required to 
place one or more electrons in the lowest unoccupied 
orbital’! and that “the first electronically excited 
state of any polyene 1s derived from the corresponding 
ground state by the promotion of one electron from the 
highest occupied level to the lowest unoccupied level”? 
It would appear, then, that the thermal stabihty of a 
polynuclear aromatic hydrocarbon ıs governed by the 
energy required to promote electrons to the lowest unoccu- 
pied orbitals, and the higher that energy, the most stable 
the molecule ‘This ıs further confirmed by the higher 
frequency and more negative reduction potential. 
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BIOCHEMISTRY 


A Direct Microbiological Assay for Urine 
Phenylalanine in Phenylketonuric Screening 


INCREASED amounts of both phenylalanme and ortho- 
hydroxyphenylacetic acid are found m the urme of 
phonylketonuric (PKU) infants at age 5-8 days, frequently 
several days before phenylpyruvie acid can be detected in 
the urmei, Determimation of these substances m the urme 
by paper chromatography is not suited to large-scale 
screening programmes The direct microbiological assay 
procedure described here 1s simple enough to be used as a 
screening test 

Direct microbiological assays were used to detect 
mereased amounts of valne, leucme, and isoleucine m 
unne specimens, dried on filter paper, obtamed from 


mentally retarded children? This principle was extended 
to measurement of phenylalanme in urme specimens 
collected in a simular manner from mfants and mentally 
retarded children. The standard phenylalanine assay 
with Leuconostoc mesenteroides was utilized together 
with a commercially prepared media (Difco ‘Phenylalanine 
Assay Broth’)? As preluminary controls, we used speci- 
mens from 100 infants obtamed in the Cmemnatı PKU 
testing programme 

For each specimen, 4-m paper squares were cut 
and placed m clean, dry bacteriological culture tubes 
(18 mm x 100 mm) Uniformity m size of the paper 
squares from urme or standards was essential to obtam 
reproducibility of results The culture medium (Difco 
‘Phenylalanine Assay Broth’) was prepared by suspending 
5 25 g of dried broth plus 0 0064 g of phenol red m 100 ml. 
distilled water and heatimg to boiling as recommended by 
the manufacturer The addition of phenol red to the 
media provided a quicker and more accurate method for 
reading the specrmens After 2 ml of the broth was 
placed in each tube, they were covered with aluminium 
caps and autoclaved for 15 min at 15 Ib pressure, 121° C, 
and allowed to cool before use Three 10-ml and one 
5-ml pipettes and 50 ml of 09 per cent salme were 
sterilized at the same time 

Stock solutions of phenylalanine were prepared to 
contam 20 ug/ml, 40 ug/ml, 120 ug/ml, 200 ug/ml, and 
400 pg/ml The standards were also dried on filter paper 
and ın squares cut, placed in tubes and the broth added 

Leuconostoc mesenteroides was mamtamed on Difco 
‘Yeast Agar’ The moculum was prepared by making a 
transfer from the agar stab to a tube containing 10 ml 
Difco ‘Micro Inoculum Broth’ and meubating for 24 h at 
30° C The moculum was centrifuged for 10 mm at 
medium speed, the cells washed twice m 10 ml sterile 
salme and resuspended ın 5 ml sterile saline Sterile 
unknowns and standard were moculated immediately with 
a loopful of the cell suspension Leuconostoc mesen- 
terordes produces acid and the colour of the phenol red 
indicator changed with mereasmg amounts of phenyl- 
alanine and increasmg growth of the bacteria (Table 1) 


Table 1 
Amount of phenylalanine Turbidity Colour 
ug/ml ) 
20 -~-- Red 
40 + Red 
80 + Yellow-orange 
120 + + Yellow-orange 
200 ++ + Yellow 
400 +++ Yellow 


Specimens from infants used as controls all gave nega- 
tive tests for phenylpyruvic acid usmg ferme chlomde 
Phenylalanine was also measured by paper chromato- 
graphy ın all the specimens from control infants Speci- 
mens from 3 of 100 mfants were positive at the 80-120 
ug/ml. level (microbiological assay), mereased amounts 
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of phenylalanine were detected on the paper chromato- 
grams, together with excessive amounts of other ammo- 
acids No other metabolites characteristic of PKU were 
found 

Filter paper specimens obtamed from 1,000 mentally 
retarded children living at home (age 6-18 years) were 
then tested Seven specimens were positive at the 200- 
400 ug/ml level Approximately 200 additional speci- 
mens were positive m the range 40-120 pg/ml level 
Confirming tests were carried out on all specimens showing 
any growth Total ammo-acids were determined by two- 
dimensional chromatography and orthohydroxypheny]l- 
acetic acid and phenylalanine by one-dimensional chroma- 
tography‘ of urine eluted from the test specrmens Table 2 
shows the results of the confirmmg tests on the 7 Strongly 
positive specimens The excretion of other than phenyl- 
alanine was in the normal range Orthohydroxyphenyl- 
acetic acid was demonstrated m each of the specimens 
The diagnosis of phenylketonuria was confirmed by 
determination of serum phenylalanine In 5 of these 
children, phenylketonuma had not been iecognized 
previously 
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Table 2 CONFIRMING TESTS ON URINE SPECIMENS SHOWING STRONGLY 
POSITIVE TEST FOR PHENYLALANINE BY MICROBIOLOGICAL ASSAY 


Orthohydroxyphenyl- 
Specimen. Phenylalanine acetic acid 
No Microbiological Paper Paper chromato- 
assay chromatography* graphy* 
B-80 ++ + + 350 160 
B-30 A + + + + 280 125 
G-18 of fe f+ t 310 88 
L-47 +++ 200 90 
5-9 Ea oe oie a 420 65 
T-4 tee t+ 430 90 
Y-90 +++ 280 100 


+ ++, 200 agjml, ++--++, 400 ag/m). * ug/ml 


The 200 addıtıonal specımens were negatıve for ortho- 
hydroxyphenylacetic acid, however, the excretion of 
phenylalanine was found by paper chromatography 
within the range determmed by microbiological assay 
Among these specumens the highest value found by 
chromatography for urme phenylalanine was 100 ug/ml 
There appeared to be a positive correlation between 
elevated urme phenylalanme in the range 70-110 ug/ml 
and generalized mld ammoacidunia 

Approximately 95 per cent of non-phenylketonuric 
children excreted less than 73 ug/ml’ The mmmum 
phenylalanine excretion observed in 44 untreated phenyl- 
ketonuric patients was 100 pg/ml In this work 10 per 
cent of the urme specimens from retarded children were 
retested because of phenylalanme concentration over 
40 ug/ml. Among these 48 per cent contamed phenyl- 
alanme in the range 70-120 ug/ml and an additional 0 7 
per cent contained phenylalanine in excess of 200 pg/ml 

The direct microbiological assay for phenylalanime 
appears to be a sumple and rapid screening method for 
phenylalanme It is useful as a supplementary test for 
PKU as well as for screening for ammoaciduria 

This investigation was supported m part by grant 
MH-01175, National Institute of Health and Neuro- 
logical and Sensory Disease, Service Project grant No 
N3702A63 
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Inhibition of Pyridine Nucleotide Transhydro- 
genase by Dicumarol 


We have recently described the hormonal sensitivity of 
a transhydrogenase reaction in mitochondria (reaction J). 
NADPH, +AcPyAD-—-NAD + AcPyADH, I 
Reaction I ıs stimulated by diethylstilbcestrol and cestra- 
diol and thus differs from the transhydrogenase of Kaplan’. 
This may reflect a difference m the method of preparation 
which preserves 1t8 hormonal sensitivity? In further 
studies of this reaction, the reverse direction (reaction IT) 
has been examined. 
NADH, +NADP->NAD + NADPH, Ir 
In this report, the mbhibitory effect of dicumarol on 
reactions I and IT will be described 
The enzyme was prepared as follows Livers were 
removed from male rats and placed onice A 10 per cent 
homogenate (w/v) in 025 M sucrose was prepared m a 
glass homogenizer with a ‘Tefion’ pestle. After centri- 
fuging for 10 min at 700 g, the pellet was discarded and the 
supernatant centrifuged at 7,000 g for 15 mm This 
pellet was washed twice ın sucrose, suspended in 0 03 M 
phosphate (pH 7 0), and centrifuged for 20 min at 20,000 g 
The pellet was suspended m phosphate so that 1 ml 
represented 2 g of hver. The mitochondrial suspension 
was subjected to ultrasound for 45 sec, an equal volume of 
phosphate was added and this suspension was centrifuged 
at 25,000 g for 20 min. The supernatant contammg mito- 
chondrial fragments was then used m the followmg 
experiments 
The mhibitory effect of dicumaro! on the rate of reaction. 
Tisshownin Fig 1 Simultaneous reactions were followed 
for 5-sec intervals ın four cuvettes with a l-cm hght-path 
at 375 mu by means of a Guilford model 2000 multiple 
sample absorbance recorder ‘The reaction mixture con- 
tamed m a volume of 1 ml, phosphate buffer (pH 7 5) 
50 pmoles, Mg++ 1 umole, enzyme 10 yl, and where 
indicated NADPH, 0 23 pmoles, 3 AcPyAD 0 55 ymoles, 
and dicumarol 0-1 ymole This concentration of dicuma- 
rol (10-4 M) was found to be a potent mhuibitor of reaction I. 
A simular effect was seen when NADPH, was replaced by 
NADH.. The effect of dicumarol on the reverse reaction 
(II) was exammed As Damielson and Ernster have 
reported‘, this reaction 1s accelerated m the presence of 
Mgtt+ and ATP (Fig 2) The reaction was followed at 


04 


oO 
wo 


Absorbancy (375 my) 
© 
to 


© 
ja 
N 


34 


8 12 
Time (mm) 


Fig 1 Inhibition of reaction I by dicumarol 

reactions were followed sequentially for 5-sec intervals Cuvette 1 

contained buffer, NADPHs, AcPyAD, Mg*t+ and enzyme Cuvette 2 

contamed, m addition to reaction mixture I, dicumarol Cuvette 3 lacked 

NADPH,, cuvette 4 lacked AcPyAD See text for concentrations of 
the components 


Four simultaneous 


72 NATURE 





T 
g 
© 
xf 
acA 
ph 
i>) 
a 
E 
[z] 
ghee 
<i 
nadp4i2,3,4 atp-2,4 
nad. 1,2,34 
P mg”- 1,2 
4 8 12 16 
Time (min) 


Fig 2 Effect of Mgt+ and ATP on reaction II Jour cuvettes were 

used asin Fig 1 All cuvettes contamed buffer, potassium cyanide, 

alcohol dehydrogenase, ethanol and enzyme Cuvettes 1 and 2 con- 

tamed Mgtt NAD added to all cuvettes was promptly reduced 

NADP was added to all cuvettes ATP was added to cuvettes 2 and 4 

The rates from the time of ATP addition are shown in the mset to 
demonstrate their different slopes 
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Fig 3 Inhibition of reaction II by dicumarol Four cuvettes were 
followed agin Fig 1 All cuvettes contamed buffer, potassium cyanide, 
alcohol dehydrogenase and ethanol Cuvettes 1 and 2 contained Mg*+, 
cuvettes 2 and 4 conftamed dicumarol NAD added to all cuvettes was 
reduced NADP was added to all cuvettes and at 12 min, ATP was 
added to all cuvettes The curves from the point of addition of ATP 
have been placed m the inset to demonstrate the mhibition produced 
by dicumarol m cuvettes 2 and 4 


340 my in cuvettes with a hght-path of 1 em which con- 
tamed m a volume of 1 ml, tris buffer (pH 8) 50 umoles, 
sucrose 250 umoles, yeast alcohol dehydrogenase 0 33 mg, 
potassium cyanide 1 umole, ethanol 5 ul, NAD 0033 
umoles, NADP 0 23 umoles, and where indicated Mgt 6 
umoles, dicumarol 01 umole, and ATP 2 umoles Fig 2 
ulustrates the stimulatory effect of Mgtt and ATP Mgt+ 
in the absence of ATP inhibits reaction II while ATP has 
only a shght effect on the rate m the absence of Mg++ The 
effect of dicumarol on reaction II is shown in Fig 3 It 
retards the rate of transhydrogenation whether or not 
Mgt+ and ATP are present However, the mhibition is 
best seen after these additions 

That both reaction I and reaction IT are mhibited by 
dicumarol supports the suggestion by Hommes and 
Estabrook that the enzymes catalysing these reactions 
are simular ‘This suggestion was made on the basis of 
ther sensitivity to truodothyronme and high-temperature 
coefficients The sensitivity to dicumarol also suggests a 
relationship between transhydrogenase and D-T da- 
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phorase ‘This diaphorase, which 1s located predommantly 
in the soluble cytoplasm, 1s found to a small extent (5 per 
cent) m mitochondria and is inhibited by dicumarol® 
D-T diaphorase was present m the enzyme preparation 
used ın these experiments and, when dichlorophenolindo- 
phenol was the acceptor, 1ts reduction usmg NADH, (D) 
and NADPH, (T) was mhibited by dicumarol D-T 
diaphorase 1s inhibited by truodothyronine’, which again 
points to its simuarity to the transhydrogenase(s) which 
truodothyronime inhibits’* Smee D-T diaphorase differs 
m its intracellular distribution from transhydrogenase and. 
can be prepared free of transhydrogenase activity, 1b must 
be considered as a separate enzymatic entity It ıs con- 
jectured, however, on the basis of their sensitivity to truodo- 
thyronine and dicumarol, that there may be a common 
component in these three reactions, I, I, and D-T 
diaphorase 

This work was supported in part by a U § Public Health 
Service research career programme award, K3-AM-—8505, 
from the National Institute of Arthritis and Metabolic 
Diseases 
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Circular Dichroic Studies of Synthetic 
Polypeptides 

REENTLY m solutions of «-helical polypeptides and 
protems a Cotton effect was observed, having an inflexion 
point at 225 my and which has been shown to be conforma- 
tion-dependent!- This Cotton effect probably plays a 
major part in determining the shape of the rotatory disper- 
sion curve in the visible region and therefore 1s responsible 
for the Moffitt term, which has been the empirical factor m 
estimates of the helical contents of polypeptides’. We 
wish to report here a sensitive method for studymg the 
conformation of polypeptides by using the circular 
dichroism (C D ) measurements” in the ultra-violet region 
of this Cotton effect at 225 mp The surface of the © D 
bands (a measure of the rotational strength) can be cor- 
related with the amount of helical content, while the sign 
of CD bands might be related to the absolute conform- 
ation, that is, the sense of helix 

In order to elucidate the fluence of the amino-acid 
residues on the sense of twist of helix the following bL- and 
D-polypeptides were prepared polypeptides such as 
poly-glutamuie acid, poly-lysine, and poly L- and p-aspartic 
acid, which im the side-chain contains a chromophore 
(carboxyl group) beyond the B-carbon® 

The poly-glutamie acid and poly-z-lysme were pre- 
pared according to Idelson ef al*®  Poly-L-aspartic 
acid was prepared from poly benzyl-n-aspartate (mol wt 
= 90,000) debenzylated with anhydrous hydrogen bromide 
in a@ mixture of benzene and chloroform Elementary 
analysis of a sample dried ın vacuum at 100° for 16h 
gave the proper results of poly aspartic acid In view of 

















© no.a201 October 5, 1963 NATURE 73 


the possible formation of B-peptide linkage, one sample 20 
as checked following the chemical method of Kovacs 
al.”. The results indicated about 7 per cent of -peptide 
ikages. However, ultra-violet analysis showed the absence 
f succinimide rings and no detectable benzyl groups. 
The results shown in Fig. 1 indicate that the helical "10 
form of poly-t-glutamic acid (pH 4) and of poly-L-lysine 
H 11) exhibit a negative circular dichroism curve, 
reas the enantiomorph poly-p-glutamic acid in 
ical conditions yields a positive C.D. curve. Simi- 
egative circular dichroic curve was observed for 










Poiy-D-aspartic acid 
pH 4.3 
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zious optical rotatory dispersion data on the Cotton 
cta; Approximate estimation of rotational strength -10 
ds the following values: poly-p-glutamic acid, about 
+125 in 10- c.c.s. units; poly-t-glutamic acid, about 
+125 x 10-4" c.¢.s. units; poly-n-lysine, about — 134 
~~ 10-*° (assuming a Gaussian curve’). These values are in 
good agreement with Moffitt’s theoretical prediction‘ a a a 
{about 120x 10-*°) but at variance with previously repor- 996 290) ~ 949. 200 
ed values for poly-i-glutamic acid’... The disordered form | ee) eee eee ee eee 
of these polypeptides (at neutral pH) causes the disap- Fie 2. Oirenlar, jempo ures of payygepartle acid st Mit #8 
pearance of the circular dichroic absorption band at 225 Oe dag te gh Tar gin tre Nal) is ata alas 
< mu, confirming the previous observations'-*?. acid at pH 4-2 obey the Moffitt. equation and yield the by 
"The poly-t-aspartic acid at pH 4:3 exhibits a negative value of — 160, which also indicates the existence of a 
GD. eurve centred also at 225 mp (Fig. 2), but of smaller helical conformation, whereas at alkaline pH the be 
intensity with strength of about —35 in 10-* c.a.s. units, vanishes and the dispersion follows the one-term Drude 
while the poly-p-aspartic is characterized by a positive equation. The helical form of poly-aspartic acid is very 
band of approximately the same absolute value of sensitive to the presence of interfering substances; for 
rotational strength. At neutral and alkaline pH, a very example, acetate buffor 0-3 M causes a sharp decrease of 
pronounced decrease of this C.D. curve was observed, the intensity of the C.D. band and a pronounced shift of 
© Gndicating the transformation from ordered to random coil the maximum from 225 mu to 235 my (Fig. 2), indicating 
form. This behaviour is fully reversible, that is, on lower- that probably another form of macromolecular conforma- 
ing the pH (from 12 to 4) the same C.D. curve reappears. tion of poly-aspartic acid takes. place. This demonstrates 
The optical rotatory dispersion. data of poly-t-aspartic the advantage of circular dichroism! studies, which permit 
i . | resolution of the optical rotatory contribution of each 
individual optically active transition. Work is in progress 
in order to gain.a more complete characterization of 
poly-aspartic acid. ee ree Grae i 
All these results indicate that poly-L-aspartic. acid, like 
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A Helical Structure in Ribonucleoprotein 
Bodies of Entamoeba invadens 


THERE have been conflicting reports in the literature 
about the chemical nature and origin of chromatoid and 
related bodies found in the cytoplasm of certain protozoa!-§ 
and in the spermatogenic cells of certain crustaceans’, 
insects!*-11, cyclostomes*, reptiles'*, birds’, and mam- 
mals!3-5, Of special importance is the recent work of 
Barker!1*, This investigator has shown in his cytochemi- 
cal and electron microscope studies that chromatoid 
bodies in Entamoeba invadens, a parasite of snakes, are 
composed of ribonucleic acid and protein and that chroma- 
toid bodies arise by a process of aggregation of small 
groups of 250-300 A units which form polycrystalline 
masses in precysts and early cysts. The purposes of this 
report are to show: (A) that the chromatoid bodies are 
also found in axenically grown trophozoites, where there is 
no cyst formation, and (B) that the ribonucleoproteins 
within the chromatoid bodies are arranged in a helical 
pattern. 

Trophozoites of the PZ strain of Æ. invadens, grown 
axenically in Diamond’s medium’, were fixed for 1 h at 
0° C in 1 per cent OsO, buffered with veronal acetate at 
pH 7-4. The trophozoites were then dehydrated in 
ascending concentrations of ethyl alcohol with occasional 
gentle centrifugation and embedded in cross-linked 
methacrylate’. Polymerization was carried out at 50° C 
for 24 h. Thin sections, cut with glass 
knives in a Porter~Blum microtome, were 
stretched by the application of xylol, 
mounted on ‘Formvar’ and carbon-coated 
grids, and stained with Karnovsky’s stain”. 
Electron micrographs were taken with a 
Philips electron microscope model Em-100 
at original magnifications 9,700-~-13,400 
and enlarged further photographically. 

The detailed description ef electron 
microscope studies of trophozoites of E. 
invadens will be published elsewhere; 
this report deals. exclusively with results 
of studies on ‘chromatoid bodies’. Two 
to six chromatoid bodies of varying size 
from 1:0 x 0-554 to 29 x 0-7u may be 
seen in a single trophozoite. They are 
scattered throughout the cytoplasm and 
in electron micrographs appear to be 
composed of bands or lamelle arranged in 
parallel arrays (Figs. 1 and 2). The 
number of lamelie varies from 9 to 34 
depending on the size of the chromatoid 
body. The width of individual lamellæ 
ranges from 250 to 350 A and the distance 
between two adjacent lamelle is 100 to 
150 A. At higher magnification (Figs. 1, 2 
and 3) the lamelle appear to be composed 
of coiled fibrils which seem to form a 
closely packed helix. In some places the 
helix is particularly well defined. 

This helical structure in a ribonucleo- 
protein body is of particular interest. 
Since Watson and Crick’s®® successful 
approach to the structure of DNA, similar 
procedures have been adopted by various 
workers to study the structure of RNA. 
X-ray diffraction studies of a complex 
of polyinosinie and polycytidylic acids 
gave a crystalline diffraction pattern 
resembling that of DNA and a non-crystal- 
line pattern like that of RNA”, This 
suggested that RNA might have a struc- 
ture like DNA*. Similar conelusions 
were also drawn from X-ray studies of 
soluble RNA* and from molecular model- 
building**, Recently, X-ray diffraction 
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Figs, 2 and 3. Higher magnification of lamelhe. 
of coiled fibrils, forming a closely packed helix. 
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studies on crystalline yeast transfer RNA have given 
conclusive evidence that RNA molecules are helical 
in structure, In another report®*, the structure of 
RNA has been shown to be helical in nature based on 
X-ray diffraction studies of ribosomes extracted from 
E. coli, Drosophila larve, rat liver and rabbit reticulocytes. 
Barker!* proposed the hypothesis that the chromatoid 
body represents a crystalline store of ribosomes and his 
preliminary results of analytical centrifugation of the 
particles indicated that they may have sedimentation 
rates of approximately 180, 160 and 1005, 

Our study shows a helical pattern in chromatoid bodies. 
In places the structure is clearly defined. The dimensions 
of the helices in the chromatoid bodies of E. invadens as 
they appear in electron micrographs are far larger than 
those calculated by X-ray diffraction studies for transfer 
ribonucleic acid?? and for ribosomal RNA in several 
organisms**. It is too early to speculate on the interpre- 
tation of this difference, for more detailed biochemical data 
on the chromatoid body are needed. 

The significance of the findings described in this article 
resides in the fact that this is the first demonstration by 
electron microscopy of a helical structure in ribonucleo- 
protein bodies. The structure disclosed seems important 
enough to be reflected in terminology, particularly in view 
of the number of different other terms used in addition to 
‘chromatoid bodies’, most of them (including the latter) 
misleading and confusing. It seems appropriate, therefore, 


Fig. 1. Electron micrograph of ‘chromatoid body’ to show that in a longitudinal section 
it is composed of bands or lamelle arranged in parallel arrays. The helical structure 


of the lamelle can be seen at arrows 


Note that the lamella are composed 
The helical structure is particularly 
seen at arrows 


Fig. 4. Cross-section through lamella 
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at this pomt to propose the mtroduction of a new, more 
specific term, ‘helical RNP bodies’, for chromatoid 
bodies of the same nature as those found in E nvadens 
The new term combines the biochemical composition 
defined by Barker with the helical structure described in 
this article 

We thank Dr Wilham Trager for advice and Dr Witham 
Balamuth for supplying the stran of E znvadens 

This work was supported in part by grants 2H#192 and 
#1407 from the National Institute of Allergy and Infec- 
tious Diseases, US Puble Health Service 
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Effect of DL-Ethionine on the Level of 
Cystathionase in Rat Liver 


WE have previously reported that the level of cysta- 
thionase (‘soluble’ cysteme desulphurase) of rat liver 1s 
mereased when L-methionine 1s injected ın male rats 
maintained on a commercial diet? We have recently 
shown that a simular increase could be obtamed with rats 
placed on a synthetic diet (diet B) contammeg 18 per cent 
casem, furthermore, the level of cystathionase 1s higher ın 
liver of rats maimtained on a synthetic diet (diet C) con- 
tainnmg 60 per cent casem, and we have observed that 
addition of a definite quantity of pL-methionine to diet B 
increases the enzyme-level? These results mdicate that 
some correlation could be established between dietary 
protem and the level of enzyme activity, and suggest that 
‘adaptation’ of cystathionase 1s mediated, at least m part, 
by the content of methionine in the diet As the increase 
m enzyme activity found on varymg methionine intakes 
could be the reflexion of alteration of the content of specufic 
protem in the liver, m the mvestigation described here 
we have determined the effect of addition of p1i.-ethionine 
(S-ethyl/analogue of methionine) to the diets on the level 
of hepatic cystathionase 

We used Wistar rats from the Centre de Sélection des 
Animaux de Laboratowre du CNRS, with mean body- 
weight of 80g, the preparation of the supernatant fraction 
of the liver, the conditions of determmation of hydrogen 
sulphide formation and the composition of the diets have 
been deseribed earher*~* The experiments were conduc- 
ted as follows all rats were placed for 8 days on the 
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diet B, then they were divided m two groups, the fist 
group was maintained on diet B, while the second received 
diet B containing 2 5 per cent pu-ethionme After 8 days, 
rats were weighed and killed, the weight of hver and the 
activity of cystathionase were determined The contents 
of protem im supernatant are measured according to the 
method of Lowry et al ’ 

Other expermments were similarly carried out with rats 
routinely mamtaimed in diet C and diet C+2 5 per cent 
ethionine, furthermore, as from the results of Farber and 
Corban’ ethionme mhuibıts hepatic protem synthesis more 
effectively ın female than in male rats, some expermments 
were performed on female rats All results are expressed 
as moles hydrogen sulphide/ug protem/h 

Table 1 shows the results obtamed m these assays 
From the figures 1t 1s evident that p1i-ethionme increases 
the level of enzyme Such an increase ıs rather surprising 
and the stimulation of cystathionase by p1i-ethionme 
merits further comments The increase of activity was 
observed in male rats mamtamed on diets B and C, but ın 
this last case the increase did not start before 10 days, while 
it 1s faster in rats placed on diet B Furthermore, we have 
observed no difference between male and female rats, 
ethionine 18 equally effective for the alteration of enzymatic 
activity Moreover, while methionme by itself is not a 
substrate for cystathionase, some products formed from 
methionine, hke cystathionme, homoserme and cysteine, 
are good substrates, and the response of enzyme to 
injections of some of these substrates is an merease of 
level! If ethionine is de-ethylated, one can suppose that 
cystathionine and other substrates might arise; however, 
1t seems improbable that de-ethylation of ethionine 1s of 
considerable mportance in the rat? 


Table 1 Error OF ADDITION OF DL-ETHIONINE TO SYNTHETIC DIETS ON 
THE LEVEL OF CYSTATHIONASE 


Body Iiver Meg protem/ml H,8 pemoles/ug 
Diet ee weight supernatant protein/h 
E€ 
I Male rats 
B anya 133 74 13 2 286 + 12 
B+eth (8 days 85 30 104 1,383 + 95 
0 (10 days) 164 60 148 795 + 38 
C + eth (10 days) 116 39 120 840 + 74 
C + eth (19 days) 99 47 128 1,197 + 168 
Ir — rats 
(8 days) 130 63 129 5651 + 97 
6 +eth (8 days) 84 31 117 1,143 + 71 


Natori® has reported that the level of methionine- 
activating enzyme in female rats ıs almost twice that of 
male rats, and he observed that the ethyl group of 
ethionine 1s extensively mncorporated mto the liver RNA 
fraction It might be supposed that action of ethionine 
may be due to the formation of an abnormal cystathionase 
m which methionme 1s partially, at least, replaced with 
ethionme ‘This new protein could have different physico- 
chemical properties and enzymatic activity to those of 
normal cystathionase 

An examination of the properties of purified enzyme 
obtained from livers of normal rats and from livers of 
ethonine-treated rats 1s under vestigation, 
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Excretion of Indolyl Acids in 
Phenylketonuric Monkeys 


EXPERIMENTAL phenylketonuria has been mduced in 
the rhesus monkey by feeding excess dietary phenyl- 
alanine’? The phenylalanine plasma level was markedly 
elevated, and the urinary excretion of phenylketones and 
phenylacetyl glutamine were comparable with that found 
in children with phenylketonuria Behavioural and 
learning tests have demonstrated a severe degree of mental 
retardation in these experimental animals This report 
provides data on the excretion of 5-hydroxyimdolyl-acetic 
acid and indolyl-3-acids in these monkeys and demon- 
strates that the role of tryptophan ıs sumular in both the 
experimental disease and m phenylketonuric infants 

Five normal monkeys and five experimental monkeys 
(Macaca mulatta) were studied over a one-year period 
Each animal was placed in a metabolic chair constructed 
in this laboratory and modified from that previously 
described? Only male monkeys were used and appro- 
priate collection devices similar to those used in pechatric 
patients were attached to the genital area Urine samples, 
taken over 24-h periods, were collected in a bottle kept in 
ice Several crystals of thymol were added to each bottle 
as a preservative The urine was kept frozen at — 10° C 
until ready for analysis The animals received commer- 
cially modified milk erther with or without added phenyl- 
alanine (3 0 g/kg/body-weight/day) and were fed ad lab 
at 4-h intervals The method of Udenfriend et al è was 
used for the determimation of free 5-hydroxymdolyl- 
acetic acid (5-HIAA), and the method of Weissbach et al $ 
for free indolyl-3-acids (indolyl-3-acetic, mdolyl-3-lactic 
and indolyl-3-pyruvie acids) The control animals ranged. 
in age from 3 to 18 months, whereas the experimental 
animals varied from 8 months to 24 months at the time of 
the urine collections 

The analysis of the 24-h urme collections 1s shown in 
Table 1 The excretion of indolyl-3-acids was not signifi- 
cantly different between the experimental and the control 
groups, but the decreased excretion of 5-HIAA in the 
experimental group was highly significant (P <0 0025) 
Although not shown in Table 1 (for reasons of brevity), 
no differences in base line values were found for ether the 
indolyl-3-acids or for the 5-HIAA between the younger 
and older ammals In addition there was no evident 
correlation between the total 24-h excretion of the indolyl 
acids and the weight of the monkey or the length of time 
on phenylalanine diet. 


Table 1 EXCRETION OF 5-HYDROXYINDOLYL-ACETIC ACID AND INDOLYL-3- 
ACIDS IN NORMAL AND PHENYLKETONURIO MONKEYS PER 24 H 


Group No of No of urme 5-HIAA 8-Indolyl-acids t 
animals collections (ug/day) (mg/day) 
Control 5 15 304 + 230* 148 + 2 08* 
Experimental 5 10 47 + 26* 115 + 145* 


* Standard deviations are reported for differences between collections 
¢Total of indolyl-3-acetic, mdolyl-3-lactic and mdolyl-3-pyruvic 


The close biochemical relationship between phenyl- 
alanine and tryptophan and tryptophan metabolites has 
found support in a number of observations Work in this 
laboratory has shown. that excess phenylalanine causes an 
an vitro inhibition of tryptophan hydroxylation in rat 
liver’ It was, therefore, not surprising that decreased 
serotonin was found im the brain and liver of rats fed 
excess phenylalanine* Since 5-HIAA 1s the end excretory 
product resulting from oxidation of serotonin, any decrease 
im excretion represents either an mability to form the 
serotonin precursor (5-hydroxytryptophan) from hydroxy- 
lation of tryptophan or an inability to decarboxylate this 
product Another factor which influences 5-HIAA 
excretion ıs the amount of tryptophan absorbed from the 
intestinal tract before it enters the blood Akedo and 
Christensen’ have reported evidence of competition be- 
tween certam amino-acids in their transfer across the 
mtestine, and it 1s not unlikely that excess phenylalanine 
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may likewise unterfere with the intestinal absorption of 
tryptophan McKean eż al *, and Guroff and Udenfriend® 
have shown that excess phenylalanine and certain other 
amino-acids also inhibit transport of 5-hydroxytryptophan 
across the blood-brain-barrier and thus effectively de- 
crease the formation of serotonin 

An increased indolyl-3-acid excretion by human phenyl- 
ketonmics has been reported by Armstrong and 
Robinson? This merease was attributed primarily to 
sndolyl-3-lactic acid, which is not distinguished from 
indolyl-3-acetic acid in the methods described here The 
site of formation of the 5-HIAA ıs probably different from 
that at which indolyl-3-acids are formed 

Following a tryptophan load test, Toda and Bessman!! 
found an iereased excretion of indican and mdolyl-3- 
acetic acid and a decreased excretion of kynurenie acid, 
xanthurenic acid and N-methylnicotinamide These 
findings are understandable, smce the former compounds 
arise largely from imtestinal putrefaction of unabsorbed 
tryptophan whereas the latter products arise mainly from 
tissue metabohsm of absorbed tryptophan These obser- 
vations would seem to offer further evidence for decreased 
absorption of tryptophan followed by absorption of its 
putrefactive products from the lower intestme* Since a 
muk diet modifies the intestinal microflora, the effect of 
an excess phenylalanme muk diet on excretion of indolyl-3- 
acids was probably an added factor ın our experimental 
monkeys The effect of diet on intestinal flora could also 
be why all phenylketonuric children do not excrete 
increased amounts of indolyl-3-acids Bessman and 
Toda!2, on the basis of indole tolerance tests, suggest that 
the mereased excretion of indican and indolyl-3-acids ın 
phenylketonuric children is due to a more general derange- 
ment of indole metabolism However, another explana- 
tion may be that these compounds are increased mainly 
as a result of decreased tryptophan absorption whereas the 
decreased excretion of 5-HIAA 1s due to alterations in the 
activity of the hydroxylases and decarboxylases as well as 
to effects on the transport of amino-acids 

The decreased 5-HIAA excretion found ın phenyl- 
ketonuric monkeys demonstrates still another biochemical 
sımılarıty of the experrmental condition to that found ın 
the human disease? The return to normal of the exere- 
tion of 5-HIAA by phenylketonuric patients treated with 
a diet low in phenylalanine ıs comparable with removal 
of the phenylalanine excess diet in the monkey 
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Partial Separation of Rat Liver Mitochondrial 
Amine Oxidases 


ALTHOVGH the mitochondrial monoamine oxidase 
(monoamme 0Q,-oxidoreductase (deammatmg), HC 
1434) ıs generally beloved to possess broad substrato 
specificity1, numerous results may be considered as mdirect 
evidence of ‘multiplicity’ of mitochondrial amino oxid- 
ases*-? Nevertheless, separation of mitochondrial amme 
oxidases has not so far beon reported to my knowledge 

This communication deseribes an example of partial 
separation of rat liver mutochondral amme oxidases 
attacking two different amines suitable for spectrophoto- 
metric determmation of the enzymatic activity, namely, 
m-nitro-p-hydroxybenzylamine (PHB) (ref 8) and 
p-uitrophenylethylamine (PN) (ref 9). 

Both substrates were synthesized by Dr N A Kaitrossky 
and G A Leontyeva (Department of Organic Chemistry, 
Institute of Biological and Medical Chemistry) Mato- 
chondria prepared from rat lver homogenates!® were 
treated by hypotonic phosphate, solubihzed in the 
presence of a non-ionic detergent ‘OP-10° (final concentra- 
tion 1 25 per cent) as described earlier!? and adjusted to 
pH 700 All the subsequent operations were performed 
at 3° The solubilized material was applied to a 24 mm x 
95 mm ‘Brushite’ column'*14 Stepwise elution by 01, 
04, 05 and 0 7 M potassium-phosphate buffers, pH 7 00, 
containing 1 25 per cent (w/v) of ‘OP-10’, was carried out 
15-ml fractions of effluent were collected at a flow rate of 
4 ml/min Protein content was determmed by the 
method of Lowry et al 18 with precautions necessary when 
working im presence of phosphates and detergents!’ 
PHB oxidation, was followed by measurmg optical density 
increase (due to formation of m-nitro-p-hydroxybenzalde- 
hyde) at 315 my in 10-mm cuvettes put m a thermostat at 
37° (spectrophotometer S.F--4) for5mm The samples con- 
tamng 02 M potassium-phosphate buffer (05 ml), 
enzyme solutions (0 2-2 0 ml), PHB (final concentration 
5 3x 10-* M) were brought up to 30 ml with water The 
spectrophotometric unit (SU) was defined as a quantity of 
enzyme necessary to cause an increase m optical density 
by 0001 in 1 mm For PN oxidation assay PHB in 
samples described was substituted by PN (1 mg per 
sample) and after mcubation at 37° during 2 h optical 
density measurements at 453 mp in 10-mm cuvettes of 
‘FEKN-5T photoelectric colorimeter were taken The 
assay yields fairly reproducible results and proved to be 
very sensitive The quantity of the enzyme necessary to 
cause the optical density merease by 0 01 ın the standard 
conditions was defined as a unit (un ) of enzymatic activity 
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Table 1 PARTIAL SEPARATION OF RAT LIVER MITOCHONDRIAL AMINE 
XIDASES 
Sarong Combined effluent fractions cae 
Mator freme ooo 
rial 1-8 9-16 | 17-85 | 26-34 Ey 
Volume (ml ) 200 | 1312 1310 | 1495 | 1855 
Phosphate soncen- } 
tration (M/1 ) 01 O1 04 05 07 
Protem content 
mg/ml 2 25 0 225 0 06 0 02 0 02 
Total 450 29 32 7 86 299 271i 952 
PHB-deammation 
Somi (max ) 400 00 06 25 16 
800 0 0 0 37 5 125 6 25 
yo of protein f 
(max 178 00 06 | 1250 50 0 
PN-deamination | | 
Un jm] (max ) 675 10 ' 196 80 57 | 
Total 1,850 0 130 | 7585 | 3270 | 1886 | 902 | 
Un {meg of protein 
(max } 30 0 44 ; 3250 | 4000 | 2850 
i 4 
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Results of one of five similar experiments presented in 
Table 1 indicate that 0 4 M phosphate elutes up to 56 por 
cent of the ‘PN-deaminating’ enzyme applied to the 
column while no ‘PHB-deaminating’ activity could be 
detected ın these fractions At higher phosphate concen- 
trations both enzymatic aetivities are found in eluates 
While up to 90 per cent of imitial “PN-deaminatmg’ 
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activity are recovered in eluates, the recovery of ‘PHB- 
activity’ was rather low Our prelummary observations 
suggest the phenomenon is caused by increased lability 
of tho later enzyme on column chromatography 

Further work on separation and purification of mito- 
chondrial amine oxidases, designated at presont by a 
common term ‘monoamime oxidase’, as well as mvostiga- 
tion of their substrate specificity and effect of inhibitors 
are in progress and wil be published elsewhere in Russian 
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A Pentose identified in the Carbohydrate 
Group of Spongin 

Bergmann and Feeney? have isolated a new thymine 
pentoside from a sponge (Cryptotethia) Isolation and 
identification of the carbohydrate fragment of this nucleo- 
side have been unsuccessful, but the high dextrorotatory 
power of this nucleoside suggests that 1b 1s a xylofuranoside 
rather than the as yet unknown thymine nucleoside 

Previously we had exammed? the carbohydrate group 
of a scleroprotein (spongin) and identified the sugar 
(galactose) by paper chromatography In the work 
recorded here we have identified a different sugar (xylose) 
in the carbohydrate group from Huspongia officinalis 

Euspongia officonalis were cut m very small pieces, 
mixed with 2 N hydrochloric acid and shaken ın a vacuum 
several times to remove the calcrum carbonate The 
material so obtained was washed with distilled water and 
dried in a vacuum. desiccator over phosphorus pentoxide 
To 1 5 g dried sponge were added 150 ml water and this 
mixture heated for 6 h at 80° C under a reflux condenser 
on a water-bath, and filtered The filtrate was concentra- 
ted to 1-2 ml on the water-bath under vacuum (sample I) 
The same procedure was repeated using hydrolysis with 
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0 1 N sulphuric acid at 62° C, the acid neutralized with 
barum carbonate and the mixture filtered and concen- 
trated (sample II) Both samples gave a positive Molisch 
reaction and there was no reducing action with aniline 
hydrogen phthalate reagent? 

Samples I and II were further hydrolysed separately for 
5h with an equal volume of 2 N sulphuric acid and neutral- 
ized with barium carbonate, filtered and concentrated to 
1-2 ml The hydrolysates were run for 30 h on paper 
chromatograms (Whatman No 1 paper descending tech- 
nique) using the organic layer from a freshly prepared 
n-butanol—acetic acid—watermrxture (4 1 5 v/v/v)(ref 4) 
The chromatograms were sprayed with aniline hydrogen 
phthalate reagent and then dried mm an oven at 110° C 
The chromatograms showed a pale spot corresponding to 
authentic xylose (Fig 1)-—-a sugar more generally obtained 
from plants 
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Homarine (N-Methyl Picolinic Acid) in 
Muscles of some Australian Crustacea 


Durine the examination of guanidino compounds in 
trichloroacetic acid extracts of crustacean muscles, 1t was 
observed that treatment of paper chromatograms with 
alkaline «-naphthol diacetyl! sometimes resulted in the 
appearances of a yellow spot ın addition to the pink spots 
characteristic of guanidine and 1ts mono- and di-N- 
substituted derivatives The unknown compound respon- 
sible for this yellow spot was present in muscle extracts 
from the marine crustacea, Moreton Bay lobster (Thenus 
orvenialis), king prawn (Penaeus plebejus), tiger prawn 
(Penaeus esculentus), and spiny crayfish (Jasus ver reaurr), 
but was absent from the corresponding extracts from the 
fresh-water organisms, Murray River crayfish (Huastacus 
elongatus) and fresh-water crayfish (Cherax albidus) This 
variation in distribution prompted further imvestigations, 
and this communication reports evidence for the identi- 
fication of the compound as homarine? 

Preliminary experiments with paper chromatograms of 
crude extracts indicated that the compound strongly 
absorbed ultra-violet light in the region of 270 my. and that 
the formation of yellow colour was due to the alkali and 
a-naphthol contained in the Bariitt reagent! Isolation 
of the compound was achieved by the following method 
10 kg of freshly excised prawn musclo (from eithor P 
plebejus, or P esculentus) was homogenized with 101 of 
methanol in a Waring blender and the mixture allowed 
to stand, with occasional stirring, for several days at room 
temperature The mixture was then filtered, the residue 
was re-extracted with 101 of methanol and the methanolic 
extracts were combined and concentrated to approxim- 
ately 500 ml by vacuum distillation. The copious 
precipitate which formed, during this distillation was 
removed and discarded The remaimuing solution was 
passed several times through columns of ‘Dowex-1’ (OH- 
form; 500 g) and “Dowex-50’ (H+ form, 500 g) 10n- 
exchange resins Progress of the compound was followed 
by ultra-violet absorption (273 mu) and paper chiomato- 
graphy of eluate samples The compound passed unretar- 
ded through the anion exchanger, but was retarded on the 
cation exchanger and appeared in the eluate only after the 
passage of three bed-volumes of distilled water This 
retardation was ın contrast to suggestions that homarine1s 
firmly bound to strong cation-exchangers?:+ Eluates 
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containing the compound were pooled and concentrated 
to a viscous o1l by vacuum distillation Thuis oi] was dried 
wm vacuo over phosphorus pentoxide and recrystallized 
twice from absolute ethanol to yield 4 g of white hygro- 
scopic crystals A sample of these crystals was further 
purified by chromatography on a cellulose column using 
n-butanol, saturated with water, as the mobile phase 
Paper-chromatographic examimation of the recrystallzed 
product, using five different solvent systems, revealed only 
one ultra-violet-absorbing spot in each case No ninhyd- 
rin-reacting materials were detected on these chromato- 
grams 

Comparison of the ultra-violet spectrum of the product 
with published spectra® led to tentative identification as 
homarine This was confirmed by comparisons of other 
proper ties of the isolated compound with those of homarime 
synthesized by oxidation of «-picoline to «-picolime acid 
and methylation of the latter by dimethylsulphate*’ 
(Table 1) The isolated and synthetic compounds also 
showed, identical behaviours on 1on-exchange resins and 
gave the same Fp values after ascending paper chromato- 
graphy ın several solvent systems ‘Thus, Rr values at 
25° C (Whatman No 1 paper) were 0 30 in n-butanol 
glacial acetic acid water (73 10 17) and 0 75 im tert - 
butanol ammonia water (60 30 10) 


Table 1 COMPARISONS OF ISOLATED COMPOUND WITH HOMARINE 
Ultra-violet spectra 
Compound —————; -  _— ccc — 
Amax; pH. 7 Amin, pH 7 Amax; pH 1 |} eat Amax, pH. 7 

Isolated 

compound 274 mp 241 myu 271 my 6,200 
Homarine, 

refs 4and 5| 2735 mu 240 my 270 mu 6,325 





Compound 
C H N 
Picrate of isolated compound | 
(mp 153°~154° C) 42 7 28 151 
Synthetic homaime picrate ı 
(m p 155°-156° C) 42 6 28 153 





+ Values for synthetic homarine picrate calculated for C:3;H,,0,N, 


Synthetic homarme, when spotted on filter paper and 
sprayed with alkaline «-naphthol (equal volumes of 5 N 
sodium hydroxide and 1 per cent a-naphthol in ethanol), 
also gave the yellow colour A number of other related 
compounds were tested with this reagent and yellow 
colours were obtained with N-methyl pyridinium iodide, 
pyridine betame, «-picoline methiodide, and trigonelline 
(N-methyl nicotinic acid) Negative results were obtained 
with pyridine, pyridine N-oxide, nicotimic acid, picolinic 
acid, pyridoxine hydrochloride, betame hydrochloride, 
and choline chloride From these limited investigations ıt 
appears that a pyridinium ring system, contaimig an 
alkyl or substituted alkyl radical as the N-substituent, 18 
required for this colour reaction 

One of us (K M )1s grateful to Prof A H Ennor for the 
opportunity of working ın the Department of Biochem- 
istry, Australian National University, during part of this 
work 
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ee eaglior ppal doseribed a method for separating a 

number of indole derivatives and auxin-like substances in 
at. extracts, using silica-gel partition columns and 
rolewm ether: n-butyl alcohol solvents used with a 


wise elution technique. Further investigations, the 


hnique to include a number of. other useful solvent 
tures. 
Most eluting mixtures consisted of a more polar solvent 
t had been saturated with 0-5 M formic acid, and a non- 
polar one. <A few consisted only of the acid-saturated 
olar constituent. The column, described in detail else- 
_ where!, was prepared by hydrating 8-0 g of silica gel with 
0 ml. of 0-5 M formie acid, then slurring the hydrated 
: silica gel with the eluting solvent and pouring into a glass 
-tube 14 mm internal diameter. The column was about 
-I3 om high after it was packed by applying air pressure 
- from a hand squeeze bulb. Approximately 5 x 10-7 moles 
of each indole derivative were chromatographed and 
-© eollected in 3-ml. fractions on a fraction collector. When 
- mixtures of indoles were chromatographed it was often 
ces necessary to use a step-wise elution technique in which 
_ increasing concentrations of the more polar constituent 
were utilized in order to obtain a satisfactory separation. 
_ Each fraction was taken to dryness in the test tube in 
- -which it was collected in vacuo by use of a rotating evapo- 
< rator (Rotary. Evapo-Mix, manufactured by Buchler 
ae Instruments, Ine., Fort Lee, New Jersey). The indoles 
were afterwards detected with the Gordon-Weber modifi- 
-= gation of the Salkowski reagent?. 
= Most of the solvent mixtures used n-hexane as the non- 
_ polar phase. Hexane does not cause column cracking at 
__ elevated laboratory temperatures as does the petroleum 
ether, b-p. 30°-60°, used in earlier work!. The hexane 
_ solvent mixtures are listed in Table 1, and their chromato- 
graphic properties with seven indoles of widely varying 
_ solubility characteristics in Table 2. As a group the 
_. -aleohol-hexane mixtures were the most versatile. At a 
_. given concentration they could elute a particular indole 
_ more readily than any of the other solvents. With one or 
_ two exceptions they were able to separate the seven 
indoles listed in Table 2. A definite inferiority of one 
_ aleohol over another one was not established, with the 
exception of hexyl alcohol, and possibly n-butyl alcohol, 
where their higher boiling points may be objectionable. 
-The ester-hexane mixtures were intermediate in their 
ability to elute the indoles. They generally effected 
-elution and separation of all the indoles except tryptophan 
and tryptamine. All but two of these esters have | boiling 
oints appreciably lower than the alcohols. This is a 
istinct advantage in laboratories not equipped for 
ient. evaporation of liquids from test tubes. Butanone- 
a slightly stronger eluting solvent than the 
could elute tryptophan and tryptamine. 
‘ocarbon- hexane mixtures were loast 
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closely related non-polar solvents could 
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ilts of which are reported here, have extended this © 
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Table 1. SOME SOLVENTS USED FOR THE SILICA-GEL COLUNN Crromato- 
GRAPHY OF INDOLE DERIVATIVES 
n-Hexane : methylene chloride n-Hexane : ethyl acétate 
n-Hexane : chloroform n-Hexane : n-propyl acetate — 
n-Hexane : carbon tetrachloride n-Hexane : methyl propionate 
n-Hexane : 1,2-dichloroethane n-Hexane : ethyl propionate 
n-Hexane : trichloroethylene 
n-Hexane ; n-butyl alcohol 
n-Hexane : 2-butanone n-Hexane : sec-butyl alcohol 
_ %-Hexane : isobutyl. alcohol 

n-Hexane : methyl formate -> n-Hexane ; t-amyl alcoho 
n-Hexane : ethyl formate © whe: 
n-Hexane : ree sostate 

Table 2, ae de OF onnoiatoanayé y ure. INDOLE 


AVATIVES. FRO Si 


Ethyl indole-3-acetate. B0-100%. 


indole-3-acetonitrile 50-100% o 

Indole-3-butyric acid 100% to not eluted 

Indole-3-acetie acid 100% to not eluted 

Indole-3-acetamide 100. bo. note) | 

Tryptophan: not eluted 

Tryptamine not: eluted. ee 100% 1.100 
Using the solvent. systems above, the: indoles were. generally ‘eluted by 

50 mi. or less of solvent and came off the column as sharp peaks in volumes 


of about 6-15 ml. Substances said to be not eluted did not come oe the 
column when quantities of 100-200 mi. oe the solvents were uet. 


give different results; npani and porrolum ethor 
be p- 302-60°) with 0-2 per cent n-butyl alcohol were able 

to effect separation of ethyl indoleacetate . and indole- 
acetonitrile, whereas n-hexane in similar or any other 
likely concentration was unable todo so: 

With one or two exceptions all the solvent systems 
eluted the seven indoles in the samo order, if indeed they 
eluted and separated them at all. That order was ethyl 
indoleacetate, indoleacetonitrile, indolebutyric acid, in- 
doleacetic acid, indoleacetamide, tryptophan, and ypt 
amine. 

Full details of the solvent. systems urd have been 
purposely omitted since the substances to be dealt with — 
in a particular problem are not likely to be exactly those 
used here. The information given should be sufficient, 
however, to guide the investigator towards a wise choice 
for his own circumstances. 

This work was carried out while the author was a mem- 
ber of the staff of the Department of Pomology, New York 
State Agricultural Experiment Station, Cornell University, 
Geneva. 
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Department of Pomology, 

Cornell University, 
Ithaca, New York. 


? Powell, Loyd E., Plant Physiol., 35, 256° (1900). oe oS 
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98, a ae goriric “name, ‘Dydro 
(I) and 98,102-progesterone (IT), were found: to exert a 
markedly progestational aptivity - when administered 
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orally?*. This suggested the possibility that their inter- 
mediate metabolisms would be different from that of 
progesterone (III). Therefore these two compounds were 
labelled with tritium (at carbon atom 4) (ref. 4), in order 
to examine their urinary metabolites. 

In four experiments each of the two labelled compounds, 
containing 30-60 ue. of tritium (specific activities 0-1 and 
0-5 ue./mg), were administered orally to two post- 
menopausal women, and urine was collected for 6-12 
days. After extraction with ether, the urines were 
hydrolysed exhaustively with 8-glucuronidase (‘Ketodase’, 
Warner-Chilcott Company) and extracted with toluene 
(first toluene extracts). The unhydrolysed radioactive 
material remaining in the urines was then extracted with 


tetrahydrofuran and hydrolysed according to Jacobsohn — 


and Lieberman’. The radioactive substances liberated 
were extracted with toluene (second toluene extracts). 
Virtually no radioactivity was found in the ether 
extracts and in the spent urines. Approximately half the 
total urinary radioactivity was present in the first toluene 
extracts. Thin-layer and column chromatography of these 
extracts revealed that in each case approximately 90 per 
cent of the radioactivity could be attributed to a single 
compound. In the case of I this proved to be 20a-hydroxy- 
98,102-pregna-4,6-dien-3-one (IV), while in the case of 
TI it was 20a-hydroxy-96,10«-pregn-4-en-3-one (V). 

Urinary IV was obtained in a crystalline form with the 
same molar radioactivity as the administered I. Its 
identity with authentic IV is based on its chromatographic 
properties and ultra-violet and infra-red absorption 
spectra, as well as on the determination of melting point 
(174°-176° C) and mixed melting point. 

Urinary V was identified with authentic V on the basis 
of its chromatographic properties, ultra-violet and infra- 
red absorption spectra, and co-crystallization—to constant 
specific radioactivity-—of the radioactive compound and 
the added inactive compound. Also in this case the molar 
radioactivity was the same as that of the administered IT. 

The second toluene extracts, which were obtained 
following perchloric acid hydrolysis, were found to be less 
homogeneous than the first toluene extracts. Paper 
chromatography indicated in each case the presence of at 
least ten radioactive substances. Both IV and V were 
found, although in smaller quantities than in the first 
toluene extracts; also their 206-hydroxy-isomers were 
detected. In the paper chromatography systems used all 
the other radioactive substances had a more polar be- 
haviour than IV and V. Work on their identification 
is in progress. 

We are not aware of the oceurrence of 20a-hydroxy- 
progn-4-on-3-one in human urine after administration of 
progesterone. Since the principal urinary metabolites of 
the retro-steroids investigated are the 20«-hydroxylated 
forms, it seems justifiable to postulate a major difference 
in the metabolism of progesterone and of 98,10«-proges- 
terone. - 

We thank Dr. H. van Kamp of N. V. Philips-Duphar 
Laboratories for putting the authentic compounds TV and 
V at our disposal. 
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- Stockholm, Sweden. — 
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_ PHYSIOLOGY 


Changes of Dehydrogenase Activity during 
~ Transneurenal Atrophy 

Avruover the cytology of transneuronal atrophy in the 
lateral geniculate nucleus is well documented in cati, cyto- 
chemical studies of transneuronal atrophy are lacking. In 
the cat there are 3 lamine in each nucleus. Following 
unilateral enucleation, the neurones of the middle lamina 
of the ipsilateral lateral geniculate nucleus and the first 
and third lamina of the contralateral lateral geniculate 
nucleus undergo transneuronal atrophy. The oppor- 
tunity of observing normal and atrophied lamin side by 
side permits an immediate appreciation of any cytocher i- 
cal changes in the atrophied lamina with respect to the 
adjacent normal control lamina. 

Twenty 10-week-old kittens underwent unilateral 
enucleation, and 2 months later the animals were killed 
and the lateral geniculate nucleus from each side removed 
and sectioned at 25u thickness. Some sections were 
-incubated with the appropriate substrate and the tetra- 
zolium salt nitro-BT according to the technique of 
Nachlas-et al. 

The following enzymes were investigated: TPN- 
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diaphorase, DPN-diaphorase, the dehydrogenase of 
6-phosphogluconate, succinate, lactate-DPN and a- 
glycerophosphate. The remaining sections were stained 


with cresyl violet for routine cytology. 








Fig. 14, Parasagittal section of the right (R) and left (2) lateral geni- 
culate nuclei following enucleation of the left eye. Cresyl violet, Note- 
worthy is the appearance of normal and atrophied lamine side by side. 
B, Section adjacent to that shown in Fig, 14. The substrate is succinate. 
Noteworthy is absence of succinic dehydrogenase activity in. the » 
atrophied lamine TE 


Fig. LA demonstrates the transneuronal atrophy in the 
right and left Jateral geniculate nuclei following enuclea- 
tion of the left eye. Fig. 1B illustrates the marked decrease 
in suceinie dehydrogenase in the atrophied. lamine as 
compared with the normal adjacent lamina. A decrease in 
enzyme activity was characteristic for all substrates except 
a-glycerophosphate, with which there was no difference in 
enzyme activity between normal and atrophied laminz. 

Although these observations are of interest in them- 
selves, their primary importance lies in illustrating an 
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approach to the examination of the cytochemical corre- 
lates of transneuronal atrophy which has the advantage 
of permitting simultaneous observation of control (normal) 
and experimental (atrophied) neurones side by side 
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Glycogenolysis in Aliquots of Glycogen Bodies 
of the Chick 


PREVIOUS attempts to change the glycogen concentia- 
tion in the glycogen body of birds failed’ except for a 
few cases in which ıb was slightly increased®* In the 
experiments recorded here the effect of tissue homo- 
genates on the polysaccharide of the glycogen body of the 
chick was exammed Glycogen bodies of chicks 1-4 
weeks old were isolated, weighed on a Roller Smith torsion 
balance and homogenized ın glass tissue-grinders Ruinger’s 
solution, or isotonic sodium chloride buffered with 0 01 M 
phosphate to pH 7 4, was added to the homogenate ın the 
proportion of 1 ml per mg of tissue Twenty-four aliquots 
of 1 ml were then prepared from the homogenate and 
were divided into 4 groups of 6 each Runger’s solution 
(0 2 ml ) was added to the aliquots of one group and 0 2 ml 
of tissue homogenate (contamıng 20 mg of chick skeletal 
muscle, liver or brain) to the others To the samples of 
the first group, in 2 series of experrments ATP, DPN*+ and 
glucose-6-phosphate (1 mg each) were added ‘Two 
aliquots of each group were extracted’ for glycogen 
immediately, two after 4h and 2 after 24 h of incubation 
at room temperature (70° F) Glycogen was assayed 
colorimetrically by the anthrone methods! 

In the first group of aliquots, contammg only homo- 
genate of glycogen body, 25 per cent of the polysaccharide 
was destroyed in the 24-h incubation (Table 1) Addition 
of ATP, DPN and glucose-6-phosphate (first and second 
series) had no effect In the 3 other groups, to which 
homogenates of other tissues were added, the breakdown 
of glycogen was greater In the presence of skeletal 
muscle homogenate more than 75 per cent of the muitial 
glycogen was destroyed durmg the 24-h meubation 
Bram homogenate was the least glycogenolytic of the 
3 homogenates studied 

An analysis of variance of the data of Table 1 reveals 
that the time differences m each group and the differences 
between the 4 groups are statistically significant 

The results obtained indicate that hydrolysis of the 
glycogen body polysaccharide ıs mereased by homo- 
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genates of other tissues (muscle, liver and bram), suggest- 
ing that ıt is of the same nature as that m these tissues 
Bloom eż al ® and Russell and Bloom” distinguish in liver 
and muscle a trichloroacetic acid (TCA) soluble fraction of 
glycogen (free glycogen) and a TCA imsoluble fraction 
(bound glycogen) In the glycogen body all the glycogen 
is extractable with cold trichloroacetic acid4 ‘This, 
however, does not mean that the polysaccharide in the 
glycogen body ıs different from that of liver and skeletal 
muscle According to Hanson, Schwartz and Barker! the 
amount of the so-called bound glycogen (the TCA insoluble 
fraction) depends on the amount of protein precipitated 
The glycogen body 1s extremely poor ın tissue protein; the 
precipitate m a TCA extract and the amount of bound 
glycogen would be, consequently, negligible 

The relatively low rate of glycogen hydrolysis m aliquots 
of glycogen body alone could not be attributed to the lack 
of phosphorus, the addition of ATP, DPN and glucose-6- 
phosphate was without any effect Similarly, the presence 
of an mhibitor would appear to be ruled out, smce then 
muscle or liver homogenate would be expected to have no 
effect The results suggest that the glycogen body 1s 
relatively poor m glycogenolytic enzymes In favour of 
this hypothesis 1s also the fact that the cells m the glycogen 
body, almost entirely filled with glycogen, are poor im 
cytoplasm and contain only a few mitochondna!* This 
perhaps, explains the low glycogenolytic activity m the 
glycogen body 

A M LERVOLD 
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Inhibitory Effects of Œstrogens on Augmented 
Activity of Endometrial Carbonic Anhydrase 
caused by 4,4’-Methylenedianiline 

PREVIOUS work! has shown that 4,4’-methylenedianiline 
causes an increase in the endometrial carbonic anhydrase 
when admmustered to rabbits The mechanism under- 


Table 1 PERCENTAGE OF GLYCOGEN IN ALIQUOTS OF GLYCOGEN BODY OF THE CHICK AFTER VARIOUS HOURS OF INCUBATION WITH HOMOGENATES OF 
SKELETAL MUSCLE, LIVER OR BRAIN 





Glycogen body alone 


a ef i ef 






Average 


Glycogen body skeletal muscle 





Glycogen body liver Glycogen body brain 
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Table 1 EFFECTS OF CESTROGFNS ON ENDOMETRIAL CARBONIC ANHYDRASE INCREASE CAUSED BY 4,4’-METHYLENEDIANILINE 





Series of compound No of rabbits 






Mechylenedianiline (Estrogen by oestrogen 
(1) Control 5 0 0 76+11* 
(2) Methylenedianline 9 500 321 t384 
(3) Methylenediamlime + 5 500 02 O+4 987 
(Estradiol 4 0 02 146 +20 78 
4 0 002 291 +43 14 
(4) Methylenedianuine + 4 02 7349 (100) 
Ethyny! cestradiol 4 0 02 101 +12 90 
4 0 002 142+19 73 
(5) Methylenedianiline + 4 02 80 +16 98 
Hexcestrol A 0 02 8747 91 
0 002 = 


* Mean + SE 
t Percentage mhibition 1s expressed as Tan 


Rm — Re 
combination of methylenediamiline and cestrogen, C = control level 
lying the activating effect of methylenedianilme on the 


endometrial enzyme 1s considered to be dependent on the 
adrenals, presumably due to the release of progestogen 


.arisng by a block of adrenal corticosteroidogenesis 


Smee evidence? concerning antagonisms between cestro- 
gen and progesterone on endometrial carbonic anhydrase 
has been given, attempts were made to clarify how certain 
cestrogens affect the response of endometrial carbonic 
anhydrase to methylenedianiline 

A modified Clauberg test? was used ~ Immature albino 
rabbits, approximately 1 5 kg in weight, were primed with 
5 ug of cestradiol once daily for seven days The animals 
were then subjected to treatment for 4 days with methyl- 
enedianiline and cestrogen The standard total dose of 
methylenedianiline was 500 mg and cestrogen was used in 
logarithmic spaced doses of 0 002-0 2 mg 

The rabbits were then killed by breaking ther necks 24 h 
after the last injection ‘The uteri were removed and rinsed 
with cold saline The endometrium was dissected, 
weighed rapidly on a torsion balance and homogenized 
with distilled water for carbonic anhydrase analysis The 
carbonic anhydrase content of homogenate was then esti- 
mated by the method of Mryake and Pincus‘, the activity 
being expressed m terms of enzyme units/g wet weight of 
the endometrium? i 

The results are shown ın. Table 1 When a total of 500 
mg of methylenediamline was given systemically, an 
increase in the content of endometrial carbonie anhydrase 
was invariably noted However, followmg treatment with 
a combination of methylenediamline and each cestrogen, 
a typical fall in the enzyme activity was observed, the 
extent of which depended on the dosage of cestrogen In 
a dose of 0 2 mg. the full effect of methylenedianihne was 
completely nullified by cestradiol, ethynyl cestradiol and 
hexcestrol However, some difference in degree of mhib- 
ition exists among each cestrogen Degree of response 
was directly related to the log dose of cestrogen ın a nearly 
straight lne 

The results recorded here suggest that the cestrogens 
used are effective m mbibrtmg the methylenedianilime- 
mduced endometrial carbonic anhydrase merease In 
previous work, treatment with cortisone effected a sub- 
stantial mhibition of the endometrial carbonic anhydrase 
response to methylenediamline It was suggested that 
the response was due to the suppression of production of 
ACTH by cortisone In numerous observations’, the 
ability of cestrogen to cause hypertrophy of the adrenal 
cortex which 1s attributed to a release of ACTH in rats has 
been emphasized A different view was proved by Vogt’s 
demonstration’ showing that ın the rabbit neither the 
adrenal histological structure nor the corticoid secretion 
was altered by the treatment, probably due to species 
difference in the response of adrenal histology to cestrogen 
Also, ıt has already been shown’ that cestrogens them- 
selves do not affect the activity of endometrial carbonic 
anhydrase In the investigation reported here it is thus 
possible that cestrogen-progestogen antagonism in the 


Dose (mgm janimal]) 













% Inhibition of 


Carbonic anhydrase 
methylenedianline 


conten 
(E U fzgm wet tissue) 








a x 100, Rm= uterine enzyme response to methylenedianiline alone, Re = uterme enzyme response to 


uterus 1s responsible for the ineffectiveness of methylene- 
dianiline 

I thank Prof T Suzuki for ns advice This work 
was supported by a grant from the Population Council, 
Inc , New York 
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HA-MATOLOGY 
The Xg Blood Groups of Negroes 


SAMPLES of blood from 219 unrelated Negroes, mostly 
from New York or Jamaica, have been tested for the 
X-linked blood group antigen Xg? The antigen 1s signifi- 
cantly less frequent in these Negroes than 1t 1s ım Caucas- 
ians as the following comparison shows 


Male Female Male Female 

Agiat+) Xg(a-) Xglat+) Xga-) 
Negro 65 54 80 20 
Caucasian 516 280 674 80 


gi forldf = 47 ¢foridf =75 


The number of Negroes ıs small because tests have 
mainly been confined to members of diagnostic panels and 
to parents of famiuhes in lnkage studies The 1,550 
Caucasian samples were mostly from British people, this 
number includes 1,008 samples previously reported 

Gene frequencies calculated from the figures for males 
and females are 


X gt ag 
Negroes 0 550 0 450 
Caucasians 0 661 0 339 


Phenotype frequencies calculated from these gene 
frequencies are very close to those observed (Table 1) 


Table 1 Xe PHENOTYPE FREQUENCIBS IN NEGROES AND CAUCASIANS 


Negroes Caucasians 
Males Females Males Females 
E Exp Obs Exp Obs Exp Obs Exp Obs. 
Xg(a+) 0550 0546 0797 0800 0661 0848 O885 089£ 
Xg(a~) 0450 0454 0203 0200 0889 0352 0115 0106 


We thank Dr A “Cahan, of Knickerbocker Buologies, 
New York, and Dr J D Mann, of the Butterworth 
Hospital, Grand Rapids, for generous gifts of the precious 
anti-Xg? The samples of cells from Negroes were sent 
mostly by Dr Cahan, Dr I Dunsford, Sheffield, Dr V A. 
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IMMUNOLOGY 


Protective Effect of Killed Trypanosome 
Vaccines with Incorporated Adjuvants 


ATTEMPTS to control protozoal diseases by active 
Immunization were unsuccessful until Mulligan et alt 
showed that chickens could be partially protected against 
sporozoite-induced Plasmodium gallinaceum mfection by 
means of an mactivated sporozoite preparation Freund 
et al >? later immunized ducks agamst P lophurae by 
incorporating the antigen m the aqueous phase of a 
water-in-oul emulsion contammeg killed mycobactena 

We have been examining the adjuvant effect of a large 
number of miscellaneous substances on diphtheria toxoid 
and of some of these on Trypanosoma congolense antigen 
A selected group of the adjuvants most effective with 
T congolense antigen have also been tested with T cruzi 
antigen 

The antigen was prepared by separating trypanosomes 
fiom the blood of heavily infected mice Mouse red blood 
cells were agglutinated by the addition of mouse erythro- 
cyte antiserum or phytohemagglutinnm The trypano- 
somes trapped by the agglutmated red blood cells were 
collected by washing with saline The separated trypano- 
somes were then washed twice with cold glucose saline and 
concentrated into a suitable volume The trypanosomes 
were killed by rapid freeze-thawing The killed trypano- 
some suspension (which constitutes the antigen) was pale 
pink to red in colour, depending on the numbers of red 
blood cells which ıb contained It was stored at — 20° 
until used 

Many substances were examimed for adjuvant action, 
the results of which will be described in & later publica- 
tion In this communication, results with three substan- 
ces are described (1) Quallara saponm, (2) a quaternary 
ammonium surface active agent, ‘Arquad 2HT’, (3) an 
alkylamine, n-hexadecylamine Solutions or suspensions 
of these substances mm water were prepared containing 
1 mg/ml, 5 mg/ml and 5 mg/ml, respectively Mice were 
immunized, against T congolense by injecting subcutane- 
ously a mixture of 0 1 ml trypanosome antigen (equivalent 
to 1 0x 10° trypanosomes) and 0 1 ml of adjuvant solution 
or suspension Two doses of vaccine were given with 
14 days between doses The mice were challenged by 
inoculating 10x10° trypanosomes subcutaneously, 14 
days after the last rmmunizing dose The T cruzt vaccine 
consisted of a mixture of 01 ml antigen (equivalent to 
60x 105 trypanosomes) and 01 ml adjuvant Groups 
of 9 or 10 mice were rmmunized with T cruzs vaccme in 
the same way as with T congolense vaccine and were 
challenged with 20x105 T cruz: trypanosomes The 
stains used were T congolense stram NIMR and T cruzi 
siran Y After challenge, the tail blood of each mouse 
was exarmmed microscopically for trypanosomes Micio- 
scopical exammations were started 3-5 days aftor 
challenge and repeated thereafter 3 times per week 

The results with T congolense (Table 1) and T cruzi 
(Table 2) show that whereas the antigen or adjuvants 
given separately had no protective effect, the mixture of 
antigen and adjuvant provided a considerable degree of 
protection ın mice With both T congolense and T cruze 
antigen, saponin proved to be the best adjuvant The 
T congolense vaccine gave a sterile immunity in 5 out of 6 
mice, and the T eruzs vaccine mcreased the survival time 
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Table 1 PROTECTION OF MICE AGAINST Trypanosoma congolense CHALLENGE 
Mean pre-patent Proportion of 


Treatment period, days negative survivors 
(max == 24) at 10 days 

N one 71 1/7 
rquad 2HT' alone 44 0/7 
m-Hexadecylamine alone 48 0/6 
Saponin alone 62 1/8 
Antigen alone 50 0/7 
Antigen + ‘Arquad 2HT’ 66 1/7 
Antigen + n-hexadecylamune 161 4/7 
Antigen + paponin 21 2 5/6 

Table 2 PROTECTION OF MICE AGAINST Trypanosoma cruzi CHALLENGE 


Mean survival 


Treatment tune, days Mean parasiteemia* 
{max = 33) 

Exp 1 
None 124 186 
Antigen alone 115 183 
Antigen + ‘Arquad 2HT’ 18 4 107 
Antigen + n-heaadecylamme 128 70 
Antigen + saponin 193 72 
xp 2 
None 150 128 
Saponin alone 10 3 203 


* Mean parasitemia = number of trypanosomes seen m 20 microscopical 
fields (x 10 ocular, 4-mm objective) at height of infection per mouse 


and decreased the parasitemia A sterile immunity was 
not achieved with T cruz: vaceme 

Fieund’s adjuvant, with or without killed mycobac- 
teria, was not effective with T congolense antigen No 
adjuvant activity was observed with potash alum 

The duration of protection conferred by T congolense 
vaccino was tested by rechallenging the surviving mice at 
suitableintervals Twelve woeks after tho last immunizing 
dose of vaceine, 11 out of 22 mice were immune to infec- 
tion with the same strain of T congolense At 19 weeks, 
4outof6micowereimmune The residual protection was 
further tested by injecting 1 0x 10° trypanosomes of a 
different strain of T congolense (Buswale) In this group 
of mice, 19 weeks after vaccmation, 2 out of 5 animals 
remained 1mmune to challenge 

Antigens, other than those derived from T congolense or 
T cruz. trypanosome cells, were examined for protective 
effect when mixed, with adjuvant Plasma or serum col- 
lected from mice heavily infected with trypanosomes but 
itself froe from trypanosomes, mnjected with adjuvant m 
the same way as trypanosome antigen, protected against 
challenge With T cruzi, the plasma antigen (equivalent 
to Weitz’s exo-antigen*) was more effective than trypano- 
some antigen With the plasma antigen the average 
parasitemia was 5 per 20 fields, compared with 272 in the 
untreated controls 2/8 mice remained free from trypano- 
somes The crithidial forms of T cruzi grown wn veho and 
the culture medium therefrom, were found to have con- 
siderable protective effect 

Other flagellates zoologically related to Trypanosoma 
were examimed for protective properties when prepared m 
the same way as the trypanosomes and mixed with 
adjuvant No cross-protection was seen agamst T 
congolense challenge, but some degree of cross-protection 
was observed agamst T cruz: challenge Protection 
against T cruz. challenge was observed with Crithedia 
fasciculaiaand Leptomonas collosoma and, to a much smaller 
degree, with T melophagvum and T mega The culture 
medium in which C fasciculata and L collosoma had 
grown also showed a protective effect agaimst T cruze 

The experiments have shown that the addition of 
adjuvants to weak antigens from trypanosomes and 
related protozoa can merease resistance to challenge in 
mice Further details of these expermments will be 


pubhshed shortly elsewhere Paine Jonsons 
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Prolongation of Homograft Survival in 
Mice with Single Doses of Cyclophosphamide 


Iz ıs customary, ın prolonging the survival of homo- 
grafts with a chemical agent, to give frequent doses of the 
agent over a prolonged period Effective agents are 
generally toxic, and their use 1s attended by considerable 
mortality, ın both laboratory animals and man The 
immune response 1s not uniformly susceptible to nhibition 
by these agents throughout 1ts course}, nor 1s 1b uniformly 
active It is hkely, therefore, that dose-schedules not 
closely adapted to this changing sensitivity and activity 
of the immune response may, on one hand, subject the 
recipient to unnecessary toxicity and, on the other, fail to 
attack the immune response sufficiently durmg its most 
vulnerable period It ıs therefore of some importance to 
establish the principles on which optimum dose-schedules 
may be based 

The complexity of this problem necessitates a stepwise 
approach Initially we have mvestigated whether a single 
dose of a drug can sigmficantly prolong the survival of a 
homograft and whether there is an optimum time for 
administering this dose 

Tail or abdomimal skin from (C57BIx A2G) F, hybrid 
male mice was grafted on to suprapannicular beds on the 
chest wall of male A2G recipients The anmeals weighed 
14-22 g at the start of the experiment The drug chosen 
was cyclophosphamide, since we found 1t to have the high- 
est therapeutic index of several effective agents when used 
to suppress the antibody response to a bacterial vaceme? 

At various times before or after grafting, recipients were 
given cyclophosphamide, 200 mg/kg subcutaneously, 
dissolved in physiological saline, 1 ml /20 g body-weight 
Grafts were first mspected 9 or 10 days after grafting and 
then every 1-2 days thereafter The ond-poimt adopted 
was the time of complete breakdown of the graft 

The results are shown in Fig 1, from which 1t appears 
that a smgle mjection of cyclophosphamide 1s maximally 
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+4 
Day of administering cyclophosphamide 
Effect of single doses of cyclophosphamide on survival of homografts 
Pomts indicate animals in which grafts were completely rejected af the time 
shown im the ordinate Recipients were grafted on day 0 The cyfeophos 
phamide injection on day 0 was given 1-2 h after grafting 
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effective in prolongmg the survival of homografts in the 
mouse if given at any time from shortly after grafting to 
about the 4th day afterwards Admunistration before 
grafting, or on the sixth day, has relatively little effect 
The results are analysed statistically in Table 1 

We have also found that a smgle mjection of 200 mg/kg 
cyclophosphamide given 2 days after graftimg to A2G 
recipients bearing grafts of C57Bi skin prolonged the mean 
survival time from the normal of 12 0+2 2 days to 170 
+23 days This difference ıs highly significant (P= 
<0001) A single imjection, therefore, given at the 
appropriate time, significantly prolongs homograft sur- 
vival even ın the presence of strong H2 incompatibility In 
further experuments we hope to find the optimum times of 
injection. of two or more doses of drug 

We thank the Medical Research Council for financial 
assistance to one of us (M C B), and Mr M Chainey 
and Mrs M Finey for assistance 
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Action of Tumour Growth and Tissue 
Products on the Zonal Distribution of Liver 
Glycogen in Rats and Mice 


In 1947, Young et al t reported a decreased deposition 
of glycogen in the livers of tumour-bearing mice given a 
glucose load after a fasting period Goran- 
son et al? were unable to demonstrate any 
real difference ın the levels of hver glycogen 
m fasted controls and tumour-bearing rats 
and showed that the phosphorylase activity 
m the lhver was about the same im both 
groups On the other hand, the blood sugar- 
levels of tumour-bearmg animals according 
to Goranson et al? is reduced in alloxan- 
induced diabetes As pomted out by 
; Boyd et al* the carbohydrate metabolism 
in human bemgs may be abnormal m 
: malgnant disease These authors demon- 
strated a decrease ın glucose toleranco m 
. cancer patients which was reversed to'normal 
by treatment with cestrogens 
: It has been suggested that the disturbance 
. of the carbohydrate metabolism m tumour- 
.  bearmg mdrividuals, including the low liver 
glycogen deposition, 1s due to the shunt of 
available glucose to the tumour on account 
of 1ts high glycolytic rate5® 
We studied the zonal distribution pattern 
of the glycogen in the livers of rats and mice 
bearing tumours or injected with tumour and 
normal tissue supernatant and now report 
our results 
Male Wistar rats, weighing 150-200 g, 
were implanted subcutaneously with the 


t l 1 
+5 +6 


Table 1 EFFECT OF SINGLE DOSES OF CycloPHOSPHAMIDE ON SURVIVAL OF HOMOGRAFTS 
Group Controls; -4 -3 —2 -i 0 +1 +2 +23 +4 +6 
Mean survival time (davs) 141 14 4 172 177 16 23 5 19 9 22 7 20 7 19 9 
0 0 13 10 4 11 10 18 11 i g i j 
Variance 6 66 67 209 9 34 36 641 35 2 517 478 166 57 
P — > 05 | 002-005 | 0002-001 | > 05 | 0001-0002 | 001-002; < 0001 | 601-002 | 0002-001 | 605-01 





* The significance of eich difference from controls was determined by a modified t-test, taking into account the differing variances 
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shida sarcoma and killed 2, 3, 5, 7, 9, 12 and 15 days 
ter the implantation. Rats bearing the Yoshida sarcoma 
, ascitic form were killed 2, 3, 4 and 7 days after the 
“Intraperitoneal passage. 

Male Swiss mice bearing the Ehrlich ascites tumour 
-were killed 2, 3, 5, 7, 9, 12 and 18 days after the intra- 
peritoneal passage. 

_ The tissue supernatant was prepared in the following 
‘way: fragments of the Yoshida sarcoma or of the normal 
tissues to be tested were homogenized with 20 ml. of 
chilled saline solution in an electrical blender for 3 minutes. 
_ The resulting homogenate was centrifuged at 20,000 r.p.m. 
(Spinco L-rotor 30) for 20 min at 10°. The supernatant 
was removed and injected into the subcutaneous tissue of 
the back of each animal in the dose of 3ml. for the rats and 
1-5 ml. for the mice. The normal organs tested were liver 
and kidneys. 

Another group of animals was injected with cell-free 
ascitic fluid from either Yoshida or Ehrlich tumour in the 
dose of 2 ml. for the rats and 1-5 ml. for the mice. The in- 
jections were always homologous. A control group of rats 
and mice was similarly injected with saline. The injected 
animals were killed at 2, 6, 18 and 24 h after the injection. 

The distribution of liver glycogen in tumour-bearing 
animals, either in solid form or as ascites, is conspicuously 
different. from the normal. When fully established the 
alteration consists in disappearance of glycogen from the 

- periportal area and decrease in the cells of the centro- 
lobular zone. With rats bearing the solid Yoshida sar- 
coma the change is seen as early as 2 days after the trans- 

plantation. During the whole period of observation (15 

days) no other change is superimposed and the liver picture 

is about the same as that found at 2 days. With the 

Yoshida ascites tumour the alteration was not detected 

until 4 days after the intraperitoneal transferring and was 

consistently more intense than that observed in the 
animals with the solid form of the growth. A noticeable 
individual variation regarding the amount of glycogen 
mobilization was present in the animals bearing the solid 
form and was less evident with the ascites tumour. Very 
few animals showed a nearly complete depletion of 
glycogen throughout the whole liver. 

The Ehrlich ascites tumour-bearing mice killed from 

5 days up to 18 days after the intraperitoneal passage 

showed remarkably constant and uniform depletion of 
glycogen from the periportal area and decrease in the 
eentro-lobular zone. The individual variation was 
negligible in this group. 
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Fig. 1. 


Normal liver showing the even distribution of glycogen. 
Periodic acid-Schiff method. {x 150) 
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Changed liver. Depletion of ghycogen. in the paripottal area. 


Fig. 2, 
Periodic acid--Sehiff method. 


Diminution in the centro-lobular area, 
{x 150) 


Kats and mice injected with homologous cell-free aacitic. 
fluid, tumour supernatant and normal tissue supernatant. 
also exhibited periportal glycogen depletion and centro- 
lobular diminution. The effect was not observed at 2 h, 
was irregularly seen at 6 h and was fully established at. 
18 h after the injection. The effect seems to be a short- 
lived one since at 24 h after the injection the normal 
glycogen distribution was again present in the treated. 
animals. 

Fig. 1 is from rat liver and shows the usual uniform. 
distribution of glycogen. 

Fig. 2 exhibits the described. periportal depletion and 
centro-lobular diminution of glycogen observed in our 
experimental groups. The histological picture is repro- 
duced in all experimental animals, either rats or mice. 
The animals injected with saline never showed any altera- 
tion in their liver glycogen distribution. 

The observation that. the glycogen depletion in the 
livers of rodents treated with tumour supernatant is in 
every way similar to that found in tumour-bearing animals. 
invalidates the suggestion that this phenomenon is only 
concerned with the demands of a growing tumour for the 
available body glucose. On the other hand, the finding that. 
the administration of either tumour or normal organ, 
products can induce the same pattern of glycogen mobil- 
ization indicates that no specific tumour agent in the 
manner of a postulated toxo-hormone’'® is responsible. for 
the observed alteration. Rather, it seems that this. effect 
is part of a non-specific stress reaction against cell products 
overload, as has already been pointed out by Hilf et al.*. 
Perhaps the terminal cachexia of the animals. bearing these 
tumours may be explained on terms of a chronic stress 
situation of which the liver glycogen change is a significant. 
component. z 
J. P. GUIMARAES 
M. C. Sanros MOTTA 
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$ nagnet: and the other half of the litter in an 
mmy magnet. The aluminium cages were 
eight: and 75 mm in diameter, with hard rubber 
yurrounded by an open tray, where food and 
ovided. A forced air blow prevented the 
ying for long periods outside their cage. They 
mpted to escape, hereby proving the adequacy 
using conditions, — 
were conditioned for four days to the con- 
pment b ofore the magnet was energized. The field 
- strength at the centre of the cage was 5,900 ce with an 
a average gradient. of 100 c/em. As can be seen from the 
weight curve, shown in Fig. 1, the field retarded the 
-growth of the mice. We may note a sharp minimum on the 
third day, which seems to be the result of a shock due to 
the field, from which they shortly recover. If we disregard 
this minimum, the growth-rate does not start to decrease 
during the first few days; thereafter, however, the weight 
of the mice in the magnet significantly lags behind that of 
the litter-mate controls. The one male mouse started to 
< Jose weight on the eleventh day in the field and died shortly 
thereafter. This ‘lethal’ effect of the magnetic field on 
males has been observed several times since then? and is 
a phenomenon worth further investigation. The females 
did not. exhibit any adverse symptoms. 
Removed. after four weeks’ residence in 
the field they mated, and gave birth to 
healthy litters 20 days later. (The normal 
gestation period of mice is 20 days.) 
Tt is well known that there are many factors 
which can influence the growth-rate of mice. 
It is conceivable that the magnetic field acts 
via one or another of these factors; but it 
cannot be excluded that a magnetic field slows 
down mitotic activities in general. In the 
= Jatter case, we would expect that the retarda- 
< tion-rate would. increase with the mitotic 
a activity of the tissue or organ in question, as 
is the rule with other external inhibiting 
agents. -For this reason I investigated in 1948 
and since then the effect of the magnetic field 
on the. development of embryos in the uterus 
of mice and on the growth of transplanted 
and spontaneous tumours in mice. The 
observations support the foregoing assump- 
tion 
‘The effect: of the magnetic field on the 
growth-rate of young mice is an. effect which | 
is far less sensitive to environmental condi- 0 
tions than most other effects, if comfortable 
housing conditions are provided and the 
position. of the animals does not ohang rela- 
= tive to the maghotio vectors. | 
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rga nisms placed it in ‘static. i ie 
the exception of two (joule 
duced currents and the heat gener- 

in paramagnetic substances as a conse- 
quence of the alignment of dipoles against 
thermal agitation) are vector. phenomena. 
The cumulative physical effects resulting from 
these phenomena, responsible for the trigger- 
ing of biomagnetic effects, are, therefore, 
reversible effects. A frequent change in the 
position of the specimen relative to the field 
vector, or relative to the gradient vector, 
will lead to an attenuation, eventual 
“annulment of the cumulative physical effect, 
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Of th fluence of ai static magnetic field tl 
A mice were started in 1948 at et 


ra period of four ce in the vertical field of | 





Fig. 1, 
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thomi i in “wertioak fields, since ‘mice: seldom “take ‘supine 
positions. _ 

During the past years farther exporiments have. bien per- 
formed with ten Alnico permanent magnets of 275 Ib. each. 
The cages were 3% in. in diameter and 14 in. high, with 
plastic bottoms, food and water supply, and connected too 
inclined exercise galleries. Two types of fields. were. 
used: in one the field strength was 4,200 œ with an _ 
average gradient of 80 ce/em (called in the following homo- _ 
geneous’); in the other the field strength was on average — 
3,600 œ and the gradient at the centre of gravity of the - 
mouse 650 oe/em (called in the following ‘inhomogen ) us’). ee 

The dummy magnets were simulated by 2-in. thick iron - 
pole pieces, to avoid effects caused by the biological effect ~ 
of cosmic radiation®. Tho dummy cages were located 2 ft. 
from the magnet cages, but shielded against the stray 
field of the magnets. The cages were cleaned by the tail 
movement of the mice and every second day washed i inan 
automatic washer. 

For weighing purposes the two or three mice niasa in 
the same cage were transferred to a plastic cup and weighed 
with the cup. However, the error in weight, due to loss in 
fæces and urine, is negligible, even if the weighing is done 
without a cup. One droplet from a full-grown mouse 
weighs only 65 mg, and well-treated micé, used to the” 
person handling them, never urinate during the weighing 
process. A considerable error can, however, be introduced 
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2, Growth: retardation. of Swiss female mice iin a homogeneous Hne- a. 


and iri an inhomogeneous (dashed line) magnetic field 











in a homogeneous field. The first column 
= contains the total weight of three mice per . 
. eage before placing them in the field; the E 
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Smas: 8 Swiss 30-DAY-OLD FEMALE MICE 
; t of three mice per. cage 








J es e Beld In dummy magnets 
ae W F. a2 4 AW ay l Wae ¥ 46 Waa A Wis 
SEB 640. 22-8. 42-0 64-0 67-0 285 
o 475 66-0 102 42-0 FLO 750 810 
oe 6EO P5 20-8 430 61-0 64-0 19S 
. 62-65 +p 270 450 705 720 26-2 
EE: s 0 19-2 450 71-0 72-0 26-5 
BB YEU oO 46-0 69:5 73-0 25°% 
. GES. ki 1423 460 760 TiO 245 
87-0. 705 198 Aro FOO 78-8 OBB 
65-5 > G65 145 S25 740 765 BTB 
«O75 0O 148 63-5 736 Tih B82) 
P Ei 46: a 26-00 


yore conte £33 g 
; Variance: 103 g 
hainen ‘aitforence ae an magnet and dummy: = 2 “59 + 068 g 
E l t= pBh n= 18; P.: + 1,860, 


+. Table 2. GROWTH. DIFFERENCES UP TO THE. ELEVENTH Day 


Strain Age M iD Field AW a - AW np 

Swiss 60 30/30 homogeneous ~ 1-66 + 0-50 

Swiss 30 50/50 homogeneous ~~ 221 + O46 

E RF 60 70/90. homogeneous ~ OOF + 0-33 
M,N Swiss 60 120/120 inhomogeneous -—0-48 + 6-17 
Swiss 30 60/60 inhomogeneous ~&80 + 0-38 


ss if weighing is carried out during or around the normal 


feeding time of the mice. The weight of a mouse can be 


o agp higher in the morning than in the evening, and 
since mice usually feed in groups, some amount of 
difference may arise between magnet and dummy groups. 

I have, therefore, investigated the weight. variation. of 
malice over a 24-h period, as well as recorded with electric 
> devices their feeding habits. 

between 11 p.m. and 5 a.m. and young mice have a second 

= snack between 8 a.m. and 11 a.m. However, i in the after- 
noon, between 2 p.m. and 6 p-m., the mice rest. Measuring 
-= the weight of a larger group of mice, individually, day by 
- — — day around 4 p.m., revealed that the daily weight fluctua- 


Their main feeding ‘time lies 


me tion. does not exceed 0-55 g by young and 0-49 g by old 
. This fluctuation strictly follows a Gaussian distri- 
ce bution, implying that in a series where 30 animals are 
_ treated and 30 are used as controls the difference in the 
_ growth-rate can be established with an accuracy better 


~ than 0-20 g. 


Table 1 shows the results of one of the 


series in which 30-day-old mice were treated jọ 





- second and third column, the weight on the t a 

tenth and twelfth days in the magnet, and i : 
the fourth column, the weight difference up o A á. 
to the eleventh day. Columns 5-8 contain í E 
the same results for the dummy groups. We . E 
-can see that the average growth was 5-74 gm ` 5 
for the mice in the magnets and. 8-33 gm for ; : 
he mice in the dummy magnets.’ The differ- =< és 
nce in growth-rate during the first: 11 daysis 10° | E. n 
refore 2:59 + 0-68 g; the effect is signifi- | . 
it a probability level of 121,560. = 

», that: the individual a . 

group i is almost twice à 

mmy group, indicating 3 = 

s individual gp | . : 

o a different. “For example, the $ : 

mice in 1 the fourth 1 row seem not to : - 

E i EASTER 1—~ 








NATURE 


87 


older. Young mice do not stop growing in fields of such 
magnitude, whereas older mice sometimes may lose weight. 
Fig. 2 shows the daily change in weight of he : 
results of nine series, in which Swiss fema i ce 
treated in homogeneous and inhomogeneous fields. respec 
tively. We can see that the effect’ of the’ homogeneous. 
field is far greater than that of th lomogene 
In both. casos. the ninin j 
of residence. 
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Phytoplankton: Production i in the 
South-eastern Pacific — 


Tue distribution of phytoplankton: concentration and 
its photosynthetic rate in the surface waters of the south- 
eastern Pacific are shown in Figs. 1 and 2. Measurements 
were made during the following cruises: Costa Rica Dome, 7 
November~December 1959; Step-I, Septemb: vor—Dece p 
1960; Swansong, October-December 1961; and the 
cruise of the Esmeralda (Chilean Navy), J uly-August 1962. 

The concentration of chlorophyll a (refs. 1, 2) was used as 
an index of standing stock of surface phytoplaa mk ton; the 
production of the phytoplankton was measured by the 
carbon-14 method? under natural light at surface tem- 
peratures. 

Greater phytoplankton concentrations and production 
exist in regions of divergence, vertical mixing, shallow 
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7 High ‘prodac on occurs: along: 
coas “owing to Toplani At of plant nutrients by strong 
upwelling. -Because the Peruvian anchovy feeds directly 
on. this rich souree of phytoplankton it is able to exist 
in such numbers that guano birds and fishermen took 
10 x .10% tons in 1962. 

- Production is relatively high between the Galapagos 
| Islands. and the coast, apparently the result of enriched 
surface water from. coastal upwelling off northern Peru 
being driven to the north-west by the prevailing south- 
Off central and southern Peru these pre- 
here winds inerease in force seaward. The seaward 
-inerease of the resulting Ekman transport causes a 
in moderate offshore produc- 








oe tion. 
| Off central Chile the prevailing southerly winds in 

August decrease in force westward so no divergence can 
be expected as off Peru, but Ekman transport may carry 
_ enriched surface water westward from the coastal up- 
welling regions. The divergence between the Peru 
_ Oceanic Current‘ and the Peru Counter Current* may also 
eontribute to this wide zone of moderate produc- 
tion. 

At the Costa Rican Thermal Dome’, centred at 9° N., 
89° W., upwelling and a shallow mixed layer enable pro- 
duction to be considerably greater than in surrounding 
waters. 

Equatorial upwelling and vertical mixing between the 
South Equatorial Current and the sub-surface Cromwell 
Current explain the high production found near the 
equator. The shallow mixed layer along the north bound- 
ary of the Counter Current and along the equator, and 
the divergence’ between the South Equatorial Current and 
southern edge of the South Equatorial Counter Current‘, 
all may contribute to the increased production of the 
region between 10° N. and 10°S. This productive strip 
in the eastern tropical Pacific is exploited by the Japanese 
long-line fishermen, who obtain best catches of tunas and 
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Toxic Properties of the Saliva of Cassis. 


Tue large gastropods of the genus Cassia feed or various 
achinoids'. Despite its toxic sharp. spines, even the black — 
sea urchin, Diadema antillarum, is the prey of the helmet. 
conch, Cassis tuberosa. The feeding habits described by 
Schroeder? show that C. tuberosa actively pursues the 
urchin and appears to overwhelm it physically, despite the 
phalanx of spines that Diadema brings to bear on any 
point ofattack. Even forthe tough-footed Cassia, this is a 
tour de force, since the microneedle points of the spines 
readily pierce the sole of the foot.. One wonders whether 
the helmet is quite as reckless:as first appears, or whether 
he is aided by tricks other than a headlong charge. 
Schroeder also reports “ .... its long proboscis may be 
seen greedily feeling among the spines for the urchin’s 
body”. . Cassis also everts his proboscis: when he is 
broken from his shell, and then usually squirts a jet of 
clear fluid in different directions as he whips his proboscis 
about. This saliva is toxic to numerous marine organisms 
and conceivably could be used offensively as well. as 
defensively. The work recorded here was undertaken to 
show the manner in which the poison acts on Diadema. 

Small urchins (3-4 em body. diameter) were immersed 
in saliva (lot B) diluted 1/1,000, 2/1,000, and 4/1,000 (total 
volume 250 mi., excluding the volume of the urchm). 
There was immediate pigment release and 
violent waving of the spines. Movement was 
co-ordinated, however, and the urchins 
repeatedly climbed the side of the finger 
bowl... At the end of 20 min all three had lost 
the response to shading. The different doses 
showed a graded response to touch: when 
spines were lightly touched, the urchm. in 
1/1,000. responded. by converging spines 
towards the point of contact; 2/1,000 yielded 
only general unco-ordinated - spine movè- 
ment, and the urchin in 4/1,000 responded 
only when the body was prodded. Continued 
prodding induced. spine-waving at succes- 
sively farther distances from the point of- 
stimulus. The response to: increased 1 light 
(a8 paths Da was 3 also -plock 
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Salis At 4/1,000 
theres was an » inithedinte release: of pieenk and inereased 
waving of spines. In three minutes the response to shading 
as lost in concentrations of 4/1,000, 2/1,000, 1/1,000, and 
0-5/1,000. The response to prodding disappeared i in 6 min 
t 4/1,000, in 38 min at 2/1,000, and was not lost at 1/1,000. 
“another sories, saliva (lot A) decre: ed the | response of 
agments to shadow and touch in. diluti 
0,000. There was a questionable depteaiion at 3] 10,000. 
By means of small doses it was not possible to block the 
light response alone. The effect of the toxin at any effec- 
tive dilution progressed and then declined, so that a level 
_ ‘state at any one stage of inhibition was not attainable. 
‘The spontaneous recovery of fragments under sup- 
<o posedly continuous exposure was subjected. to further 

analysis. Such fragments transferred to fresh solutions 

“were again affected. Untreated pieces placed in the old 
solution were inhibited little, or not at all. Dilutions in 
sea-water left at room temperature retained their activity, 
however, if not in contact with Diadema. 
| Cassis tuberosa has large paired salivary glands com- 
prising a large hyaline posterior portion from which a duct 
= passes through the smaller brown opaque anterior lobe. 
An aqueous brei of these glands inactivates Diadema, so 
~ the gland is indicated as the source of the toxin. The other 
two species of Cassis on Bimini, C. madagascarensis and C, 
—— flammea, also have large paired bilobed salivary glands 
with toxicity comparable with the glands of C. tuberosa. 
The helmet conch is supplied with a poisonous saliva 
-.- eapable of incapacitating the surface organs of the black 
— — urchin and thereby decreasing his mobility and the 
| effectiveness of his spines. It would now appear that the 
_ play of the proboscis among the spines of the urchin, as 
described by Schroeder’, serves to deliver the poison to 
the body surface, where it is most. effective. 
‘The saliva blocks response to touch and to all the 
different’ responses to light: spine convergence on a 
shaded area, inhibition of spine movement under steady 
gee ‘GHumination, and increased movement under increased 
light’. 
>» The active principle of the saliva would appear to be a 
neurotoxin, since it first inactivates the sensory receptors 
or their afferent nerves. Receptors cannot be distin- 
| guished morphologically from nerves, but the physiological 
_. evidence points to a sequence of events in the receptor- 
effector arc’: The systems responding separately to 
mechanical and actinic stimulation’ are separately 
affected by the toxin. It can block photoreception tem- 
`; porarily without interfering with the tactile sense, or with 
_ transmission of the impulse throughout the body. Below 
_ a damaging level, the effect is reversible, even when it has 
proceeded to the extent of eliminating all response and all 
ntaneous movement. Immobilized pieces placed in 
fresh sea-water regain activity in a few minutes. The 
urchin, or even a piece of the body wall, can inactivate the 
oison. Ascribing this inactivation to bacterial decom- 
ition would appear unjustified, since the saliva is 
ibiotic, and solutions allowed to stand at room tem- 
rature maintain full toxicity for 24 h. Loss of activity 
accompanied by a drift towards neutrality (the saliva is 
‘strongly acid), but saliva initially neutralized retains its 
paralysing properties. 
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Long-distance Migration of Atlantic Salmon 


In recent years reports have appeared!~* of Atlantic 
salmon bearing English or Scottish tags being caught on- 
the west coast of Greenland, and Atlantic salmon tagged 
in Canada‘ have also been caught inthe same area. — 

Two further records are now to hand, both in respect of 
salmon tagged as smolts at this Ministry’s research ala 
tion on the River Axe, south Devon DFs 
The first, ® male, waat i 











ene a patie was Taak 
recaptured near Kangerdluarasor 3 
W.) in the Julianehaab Distri » of west nd o 
November 19, 1962. It was then p c n long § nd weighed 
4-7 kg. E 

The minimum distance travelted by ‘the: first: fish (the 
longer journey) was approximately 2, 300 miles from the 
point of tagging to the point of recapture. 

Nielsen? states that the duration of the freshwater life, 
before migration as smolts, of the west coast of Greenland 
salmon catch indicates that these salmon are, for the most 
part, of more southern, non-Greenlandic . origin. As 
increased numbers of smolts were tagged in English and 
Welsh rivers last year further recaptures off Greenland of 
British-tagged fish are anticipated this autumn. _ 

We thank the Ministry for Greenland, Charlottenlund, 
Denmark, for sending details of the tocapturos. | R 
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Hexagonal Patterns i in , Cell Manibranes 


Dourmashkin, Dougherty and. Harris? demonstrated. a 
hexagonal pattern on some viral and mammalian mem- 
branes treated with saponin. . They took the view that the 
pattern was revealed by the removal of certain lipid com- 
ponents and suggested that their observation supported 
the mosaic structure. proposed. for cell membranes. by 
Parpart. and Ballentine? in which lipid. cylinders, 90 Ain 
diameter and spaced at 150 A centre to centre, are enclosed: 
in a protein mesh. Muir* has produced the same effect in 
the plasma membrane. of rat: intestinal ae oye in 
vivo treatment with saponin.: _ oe 

Kavanau' has proposed, on the hapis of other 
a new theory of membrane: structure and fun 
on the concept of a hexagonal mosaic p 
lipid component in discrete bim 
can transform to a more. oj 
columns under prescribed, c 

‘Bangham and Horne’ and Glauert, Dir 
however, have shown that patterns- 
Dourmashkin: et al. can be indi ced in: 

















treatment wk saponin. These ' 
figures are formed by the insertion of 5 saponi molecules 
into the film. Husson and pio zzati? also, using 2 X-ray 









can be detected, whereas nese a lamellar str 
in cell membranes prepared by the use: of 9 
phosphate. They conclude that their results argue against 
an intrinsic pattern in the normal membrane. 

In a recent investigation® of the fine structure of the 
marine protozoan Gromia oviformis we were unable to 
find anormal cell membrane. Instead, we found at the cell 








Fig, 1. 


Electron micrograph of tangentially sectioned ‘honeycomb 
membrane’ of Gromia oviformis, showing the hexagonal pattern. 
(x 286,000) 


surface a number of layers which for convenience of 
reference we called ‘honeycomb membranes’. These 
exhibited in tangential sections, Fig. 1, a hexagonal array 
of hollow cylinders about 100 A in diameter, each con- 
taining a central hole of 30 A diameter, with a centre to 
centre spacing of 210 A. Linking septa connected each 
cylinder to its neighbours. In cross-section it was 
apparent that up to ten membranes were ineluded in the 
complex. Kavanau has referred to this as possibly 
representing a case of a membrane locked in the ‘open’ 
configuration by structural modifications. We would like 
to emphasize one or two points which may be relevant. 

Following the demonstration by Luzzati and Husson’ of 
similar structures as transitional phases in lipid-water 
systems we have entertained the idea that the honeycomb 
membranes might represent a high permeability state of 
a normal cell membrane in response to some physical or 
chemical stimulus, but if this were so we are quite at a 
loss to say what could have induced it. Alternatively, we 
have considered the possibility that they might be an 
artefact arising during the course of fixation and embed- 
ding, but for this there appears to be no precedents, and, as 
far as we are aware, these processes proceeded normally. 
No saponin or other surfactant was used in the prepara- 
tion, which was a straightforward fixation in Caulfield’s 
solution with methacrylate embedding. Sections were 
stained with permanganate after mounting. Hence, it 
appears unlikely that the structure was produced by 
insertion of foreign molecules in the same way as those 
discussed by Bangham and Glauert. 

The existence of the connecting septa between the 
eylinders of the Gromia membrane would appear to put 
- difficulties in the way of direct transformation between 
the observed structure and the usual bimolecular mem- 
brane. Further, the conditions of fixing and dehydration 
were such as to favour Kavanau’s ‘closed’ configuration. 
To this extent, then, we may say that the structure 
observed probably represents a stable condition, normal 
in the living animal. Unfortunately, no further animals 
were available with which to repeat the preparation; but 
on this occasion the structures were seen in two individuals 
embedded entirely and on the inner surfaces of two shells 


Wohlfarth-Bottermann” and our own unpublished obser- 


_. vations on an all 
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1 organism, Allogromia laticollaris, 
3 no such system, but a normal 





plasma membrane. 9 6n. : corr 

Since we were unable to demonstrate a normal plasma. 
membrane in Gromia, whether the honeycomb structure 
is intra- or extra-cellular remains unresolved. It may be 
that it is more properly related to the cell wall mosaics 
shown by, for example, Houwink™ in micro-organisms. 
Regardless of its precise position and function, however, 
it does represent an instance of molecular architecture 
apparently corresponding very closely to the membrane 


‘models proposed on one hand by Parpart and 


Ballentine, and on the other by Kavanau to account for 
the properties of such membranes in terms of their chemi- 
cal composition. a o 
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Growth of Single Cells from Higher Plants 
on Synthetic Media 


Tuar isolated single cells of higher plants can develop 
into cell groups and tissues was first demonstrated by the 
use of ‘nurse’ cultures! Recently single cells of higher 
plants have been more easily grown by a ‘plating’ method; 
although the step from the ‘nurse’ culture to the ‘plating’ 
technique has required the addition of complex com- 
ponents, especially of coconut milk, to-the basic synthetic 
media*. Media supplemented either by coconut milk or by 
yeast extract have been used in all published successful 
experiments in which extensive cell divisions of isolated 
cells have been observed. Because we know almost 
nothing about the active principle or principles of coco- 
nut milk and since at least with certain tissues the appear- 
ance of polyploid cells is furthered by coconut milk?, 
experiments were undertaken with the view of growing 
single cells on chemically defined, synthetic media. 

The first experiments involved a relatively fast-growing 
strain of Haplopappus cultures, which has been. grown 
since 19594 on 0-6 per cent agar media containing White’s 
nutrient® and 2,4-D at a concentration of 5x10 g/ml. 
These cultures are soft and can be spread into single cells 
and small cell groups by means of a spatula. They were 
spread in this way on the surface of the agar medium in a 
sterile Petri dish. It was soon apparent that under these 
conditions cell division occurred only in the small cell 
groups——up to 5 and 10 cells and more-——but not in the 
single cells. The results were better if the cultures were 
grown for 2 or 3 months in test-tubes on the same medium, 
but with the phosphate-level (sodium dihydrogen phos- 
phate) raised from 1-7x 10-5 to 8-5x10-* g/ml, then 


transferred to Petri dishes with the same high phosphate . o 


medium to which was added gibberellic acid (10-* g/ml.) 
and spread after a growth period of 10 days in the dishes: 
With this method divisions were observed in about 15 
per cent of the single cells. This proved that isolated 
single cells are able to grow on synthetic media and, in 
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ie (a) Single cell 8 days after isolation: 
isolation ` 


two out of 58 dishes, the formation of cell clusters (up to 
60 cells) from such cells did occur. However, in most 
eases the Haplopappus cells turned brown. and died after 
"only one or a few divisions. 
> I therefore looked for a tissue which would spread as 
well as.the Haplopappus cultures but in which this dying 
. out of cells would not occur. A tissue answering this 
-requirement is the crown gall tissue of o Vitis vinifera’, 
which grows excellently on a 0-7 per cent agar medium 
--eontainmg the macroelements according to Heller’, 
- - Berthelot’s solution of microelements®, 5 per cent glucose 
and, in addition, vitamin B, (10-* g/ml.). When using 
this medium, the upper parts of cultures (0-6 g) were 
< transferred after a growth period of 8-10 weeks in test- 
tubes to Petri dishes and spread immediately; division of 
single cells could be observed (see Fig. 1 a-c) with an 
average plating efficiency of 40 per cent-—in extreme cases 
even 70 per cent of the isolated cells divided. Some of 
these cells have now developed into tissue colonies of the 
=- normal size. 
Although the division of the isolated Vitis cells occurs 
|. very regularly there are interesting variations in their 
behaviour. Usually division of the isolated cells starts 
_ during the first 12 days after spreading. However, others 
remain quiescent for between 30 and 50. days. Most of 
<- these quiescent cells were in regions of the agar free from 
> other cells and cell groups and their division was found to 
_. oeeur as such regions of the agar became invaded with 
growing cells. It is therefore concluded that the initiation 
of division in such cells is dependent on them coming 
under the sphere of influence of actively growing cells. 
= Ithank Prof. R. J. Gautheret of the Faculté de Science 
de Paris for providing me with the crown gall cultures of 
Vitis vinifera. 
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ČHIKUNGUNYA virus is one of the boat inducers of 
nterferon in chick cells, and many of the conditions which 
ffect the yield of interferon have been elucidated'*, 
ommunication reports an investigation of the relation- 


Fig, 1. Celldivision in an isolated single cell of crown n gall tissue of Pitis vinifera (x e, 125). 
{h the same cell after 12 days; (e) 18 days after 
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ship between the amount of Chikungunya 
virus inoculated into chick cell cultures and 
the subsequent yield of interferon. Dilutions 
of Chikungunya virus were prepared and 
placed in bottle cultures of chick cells which 
were then placed at 37° for 24 h. Super- 
natant, fluids were. collected, heated at 65° for 
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the greatest amount of wired. ‘than by thos se 
infected with approximately 0-1 plaque-for ning units/cell,. 
Even with 0-01 plaque-forming units/cell a cans iderable 
amount of interferon was produced, Three experiments 
have all given similar results. In other experiments. . 
fresh medium was placed on interferon: producing cultures- 
24 h after infection and re-ineubated for an additional 
24 h. The amount of interferon found was usually 
less than 15 per cent of the first 24-h yield, indicating that 
most of the interferon was produced in the. first: 24 h 
after infection. 

Similar titrations by Burke and Taaacet using ultra- 
violet-inactivated influenza virus and chick chorioallan- 
toic membranes showed no such zone of inhibition at high 
virus doses. These findings suggest that infection of cells 
with active plaque-forming virus inhibited the production 
of interferon. A comparison of the amount of interferon — 
produced by stock preparations of Chikungunya virus with | 
partially inactivated Chikungunya virus preparations was 
made and the results. are given in Table 1. Considerably 
more interferon was produced by the partially inactivated 
preparation of virus than by the stock virus even though 
the same dilution of the virus preparation was utilized 
in both cases. It has already been shown that. com- 
pletely inactivated Chikungunya virus would induce the 
production of interferon in chick cells’... These results 
give evidence that interferon production by. preparations 
of Chikungunya virus was due to ‘inactive’: virus in the 
stock preparations. It would: be anticipated. that con- 
ditions which tend to inactivate this virus would enhance 
interferon production. This would fit with the observation. 
that the yield of interferon. in an 11 h single cycle of growth | 
of Chikungunya virus was higher at 42° than at 35° (ref. 2), 
since greater inactivation of the virus should, occur ab the: 
higher temperat ure. Ray dees GG 















production of interferon in rat deroor ee 
Sindbis virus was inhibited at kei ws mop cit 
results, as well as these reported 
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preparation oË Chikungunya. virus was incubated at 35° for 4 h. 
ations: of virus were used at the same dilution. 










, interferenco’ phenomenon described by 


work was supported i in part by a Public Health 
fellowship (HS P~-17932) from the National 
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Hesponses of Germ-free Mice to Friend 
Virus 
CONSIDERABLE interest has developed in the germ-free 
animal as an assay system for potential oncogenic viruses. 
Theoretically it should provide a more uniform test 
system than the conventional animal with its unpredict- 


e ‘able microflora which may influence unpredictably the 


-response to the agent being studied. For this reason we 
undertook a comparative study of Friend virus infection 
in germ-free and conventional mice of the same strain. 


his: communication concerns the results of this investi- 


3 tion. 
: S The The disease produced by Friend virus was first charac- 
‘terized by Friend? and later studied by a number of other 
workers“, Basically it consists of a neoplastic prolifera- 
- tion of reticulum cells with an associated erythroblastosis, 
polycythemia and leucocytosis. The disease is invariably 
: fatal i in 1 susceptible mice. 












maintained in: isolators. he or 
were mice of the same s irait whic 
ordinary laboratory conditions and wer 
cages. These were also obtained from 
Breeding Laboratories. 

Throughout this experiment, the geiméfree 7 
tionalized’ animals ate the same sterilized di and were - 
maintained in similar cages. Both groups were main- 
tained in isolators and exposed to similar handling AS a 
control of environmental factors other than fecal n micro- 
flora. The open-animal-room. animals were housed in- 
open cages but in the same room in which the isolators 
were located. They received the same diet as the other 
two groups. Weights and count determinations were 
made on a minimum of 10 animals per group. 

Samples of diet, bedding, stools and water were regu- 
larly cultured as a check on the germ-free environment of 
the isolators. Routine microbiological testing was 
limited to a search for bacteria, fungus, parasites, and 
pleuropneumonia-like organisms. At the end of the 
experiment, the blood, excal contents, lung, liver and. 
spleen from the germ-free mice were cultured as a final 
check on the maintenance of a germ-free environment. 

Seven-week-old mice were inoculated intraperitoneally 
with 0-2 ml. of a cell-free filtrate prepared from the 
spleen of a Friend. virus-infected mouse. Bacteriological 
studies of the filtrate were negative. 

The investigations of uptake of iron-59 utilized: the 
procedures previously reported’. The iron-59 solutions 
were checked for bacteriological sterility prior to adminis- 
tration. 

Results showing the response of germ-free, convention: 
alized and open-animal-room mice to Friend virus are 
presented in Tables 1, 2 and 3. At 7 days no appreciable 
response was apparent in any group. However, at 14 and 
21 days all infected groups showed some ovalbana of _ 














“Table 1. RESPONSE OF FRIEND VIRUS IN GERM-FREE, CONVENTIONALIZED, OPEN-ANIMAL-ROOM HAUSCHKA RANDIR Swiss MICE INFECTED 
WITH VIRUS FOR SEVEN DAYS 





Weight (g) 

Experimental groups Spleen Liver 

ou T (a) Germ-free without virus O11 1-18 
0-05-@-1 1-0-1-5 

(b). Germ-free with virus | 0-18 1°37 
. 0-11-03 1-3-1°5 

TE (a) Conventionalized without virus | 0-16 25 
. eer > 0-1-0-2 11-1-4 

(i) Conventionalized with virus 0-22 1-37 
i A ; NEEE VA 0-15-27 1-2-1-7 

. TEL (a) Open-animal-reom without virus i 0-10 1-77 
| ane E a aE a be 0-99-)-12 15-19 

SE (b) Open-animal-room with virus 0-15 LH 
A, eng P sl 0-13-0-16 14-24 







B a 3 a | Fxperiinental groups | 








Spleen 
i I (œ) "Germ-free without virus ! 0-09 
: 0-07-0-11 
| (b) Germ-free with virus a i 
| IL (a) Conventionalized without virus 033 5 
| (b) Conventionalized with virus | oo? 
i ye 
| JIL (a) Open-animal L-room, without virus | m15 
i (h) Onen-snimal-room, with virus 0-34 
| | 0-13-0-55 





p ia oF Feann vaos IS GERM-FREE, CONVENTIONALIZED, OPEN-ANIMAT -ROOM HAUSOHKA-MIRAND/ICR Swiss Mice 
en aah . WITH VIRUS FOR FOURTEEN Days . 
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l Experimental groups 
G (a) Germ-free without virus 


Spleen 


0-14 
0:12-0:15 


l (b) Germ-free with virus 2-14 
oe t he "2-62 
IZ (a) Conventionalized without virus 16 
E ts 0 12-0" 19 
(6) Conventionalized with virus 1:26 
ae M : o 41-2 29 
| HY (a) Open-animal-room without virus 
he as Lig 116 20 
{b} Open-animal-room with virus o. 
a 080-2 24 


liseaso but the response was considerably greater in the 
jerm- free group as measured by splenic weight, hemato- 
Cerit, and peripheral blood erythrocyte and leucocyte 
Jevels. The rise in erythrocyte level was accompanied by 
_ the appearance of erythroblasts in the peripheral blood and 
_ am increase in blood volume. Histological examination 
of the livers and spleens of all animals confirmed the 
greater severity of the disease in the germ-free group. 
However, the general pattern of the disease was the same 
as that. described previously®~’. Perhaps it is of some 
interest to point out that the liver weights of germ-free 
mice were generally smaller than those of the convention- 
_alized and open-animal-room mice. 
In a previous investigation we found that the 24-h 
2 uptake of iron-59 by the spleen was an excellent para- 
meter for following early manifestation of this disease 
because of its marked sensitivity as an index of erythro- 
| poiesis®. The results in Table 4 clearly show that the 
greatest increase in 24-h splenic uptake of iron-59 occurred 
_ inthe germ-free group. 







ee Gable 4, ERYTHROPOIETIC ACTIVITY AS JUDGED BY 24-n Tron-50 UPTAKE 
OF SPLEENS FROM HAUSCHKA-MIRaAnD/ICR Swiss MICE. INFECIED WITH 
a FRIEND. VIRUS FOR 14 DAYS 


Average 24 h ti uptake (%) 
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< Additional data at 28 and 35 days post- -infection also 
; ORG the greater severity of the disease i in the germ-free 
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were unsuccessful, 


preparations were made. Th 
described" and has since: bee 
same result. i 
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able 3. “RESPONSE: OF FRIEND VIRUS IN GERM-FREE, CONVENTIONALIZED, OPEN-ANIMAL-Room HAUSCHKA-MIRA: ND/ICR Swiss MICE INFECTED 
sta th gh eco . WITH VIRUS FOR TWENTY-ONE DAYS . . 
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Effect of Phosphate and Borate o on the e Infectivity | 
of some Viruses during Purification — 3 


In a method! developed i in 1958 for purifying pasumber 
mosaic virus, infected tissue was homogenized in 05 M 
potassium phosphate buffer containing 0-1 per cont thio- 
glycollic acid. To chelate possible metal contaminants — 
in the phosphate, 0-001 M sodium EDTA was also added 
before the thioglycollic acid in subsequent tests. The 
filtrate was clarified by adding n-butanol (to an 8:5. per 
cent final concentration) and this was followed by. low- 
speed centrifugation (30 min at 8,000 r.p.m, in the No. 30 
rotor of a Spinco model L ultracentrifuge). ‘The virus in 
the resultant supernatant was pelleted by ultracentrifuga- 
tion (60 min at 30,000 r.p.m. in the No. 30 rotor), the virus 
pellets resuspended in 0-05 M phosphate buffer (pH 7-5) 
and the suspension finally clarified by low-speed centri- 
fugation. 

The same method, or with minor modifications, has 
been used recently for the purification of other viruses: 
including cauliflower mosaic virus?, potato virus F 
alfalfa mosaic virus‘, celery yellow ve : 
black ring virus and beet ring spot: vir 
re curl virus®. These. viruses, except f 

F (ref. 7) and alfalfa mosaic: virus?, are ) 8p. 
like cucumber mosaic virus. 

Attempts were made by m 
mosaic virus using the san 
the f 
infectious as indicated, b; 
leaves of Chenopodium amaranticolor 

By this time, Shepherd and d 
mosaic virus using the cucumb 
they reported that their final prepa 
infectious only if resuspended in. o 02 M Þor: to 

Subsequent tests by me of this modification of F tho 
phosphate method failed to give infectious preparations 
of lettuce mosaic virus. It was then decided to substitute 
0-5 M borate buffer (boric acid adjusted with sodium — 
hydroxide to pH 7-5) for phosphate throughout. the wholo 
procedure and, when this was. done, | highly infectiou: 


































‘In addition. to infectivity. a l ipitin t 
tests were made of the final preparations of lettuce mosaic 























winds: purified i in 5 borato and pisphate diot antiserum and eithe: 
obtained by injection of rabbits with borate purified 


infectious virus. The borate preparations gave a strong 
precipitin reaction but the phosphate preparations gave 
little or no reaction. 

As the phosphate method was known to be unsuitable 
for the preparation of the rod-shaped lettuce mosaic virus it 
-was decided to compare the phosphate and borate methods 

for the purification of several viruses. Those chosen were 
the rod-shaped viruses causing lettuce mosaic, turnip 
“mosaic, and potato mild mosaic (potato virus X), and the 


oe -epherioal ‘viruses causing cucumber mosaic and arabis 





ic. The method was as follows. Two lots of tissue 
ae r il -infectivity were obtained by cutting infected 
- leaves: longitudinally. These were then homogenized 


-.(4-0-g of leaf per 1-5 ml, of buffer) in phosphate or borate 
o> o buffer (0-5 M, pH 7-5) each containing 0-001 M sodium 
< EDTA and 0-1 per cent thioglycollic acid. The subsequent 
-purification procedure was the same as that described for 

~ lettuce mosaic virus except that the ultracentrifuge virus 


_ pellets were each resuspended in 0-5 ml. distilled water. 
‘The relative infectivity of the two types of final prepara- 
tion at various dilutions was then determined by local 
lesion assay (or systemic infection in the case of arabis 
mosaic virus) after inoculation to C. amaranticolor. The 
results obtained with the five viruses are given in Table 1. 
All have been confirmed in several repeat experiments. 


Table 1. INFECTIVITY on C. amaranticolor oF FIvE VIRUSES AFTER PURI- 
FIUATION FROM PHOSPHATE AND Borate HOMOGENATES 











Mean No. of local lesions 






































per half-leaf 
Virus and propagation host | Dilution of ———————~—-— 
| preparation | Phosphate Borate 
be preparation preparation 
i undiluted 1 157 
Lettuce mosaic virus (lettuce) | 1/10 0 57 
| Oo 0 | 6 
kakmanta aaan | ra eise a antennas 
| undiluted 2 | 886 
Turnip mosaic virus (turnip) | 1/10 1 157 
1/20 0 | 24 
| 10> 6 48 
| Potato virus X (tobacco) 10-4 | 3 10 
| 10° OL | 7 
an hiaan: Sa acca RE. 
Cucumber mosaic virus 1/10 1 - 250 $42 
{tobacco} 1/100 46 11 | 
| 1/500 | 42 1 
, a a aes eee ee Zhe 
| 14 | 10/10* | 10/10 | 
Arabis mosaic virus ! 10-5 | 2/10 18/10 
» (petuni ia) 10-4 0/10 1/10 | 
107 | o0 01o 
Lz | i 
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x Denominator is the number of C. amaranticolor plants inoculated and 
the numerator is the number of plants afterwards with systemie symptoms. 


_As shown, the preparations of the rod-shaped viruses 
were of high infectivity when prepared in borate, but of 
very low infectivity when prepared in phosphate. By 
contrast, much smaller differences were obtained with the 
two spherical viruses, the infectivity of arabis mosaic 
virus being greater from the borate preparation and that of 
cucumber mosaic virus being i from the phosphate 
preparation. 

The foregoing infectivity tests were made only on the 

final: Paten To determine when, during the purifi- 
. cation ss-in phosphate, the loss of infectivity of the 
the rod-shaped viruses occurred, samples 

at various stages and tested on the 
ranticolor. The three viruses reacted 
sfound that although the original filtrates 
Ke ; mogenates in phosphate or borate buffer 

{containing sodium EDTA and thioglycollic acid) were 
equally infectious, those in phosphate had lost infectivity 
after clarification with butanol and centrifugation, whereas 
those in borate had not. 

Possible reasons were. considered, for the loss of. infec- 





tivity of the three rod-shaped viruses when butanol was. J 
added. to the phosphate preparations. ‘It was thought 


most likely that the virus particles had become aggregated 


: tion or, q 
- because they \ ore » aggregated. = Alterna 


for a a examination. 










sidered that they might have been disrupted Hn the 
butanol treatment. Electron microscope examination of 
the final preparations of the three viruses prepared both in 
phosphate and in borate, however, showed that. neither 
explanation was correct. Both types of preparation con- 
tained equivalent numbers of largely unaggregated virus 
particles of normal size and shape. It thus appears that, 
following the phosphate clarification procedure, there was 
no change in the gross appearance of the rod-shaped virus 
particles although their infectivity was destroyed. Lettuce 
mosaic virus prepared in phosphate was also serologically 
inactive against antiserum prepared from infectious 
(borate-prepared) virus. The reasons for these effects are 
being further examined. 

I thank H. L. Nixon, Rothamsted Experimental : 
Station, Herts., for making the electron microscope 
examinations. 





J. A. TOMLINSON 
National Vegetable Research Station, 
Wellesbourne, Warwick. 
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MISCELLANEOUS 


Microscopic Examination of Cell Monolayers 
grown in Plastic Bottles 


PuLastic culture bottles composed of a non-toxie poly- 
styrene have been shown to be superior to polyvinyl or 
‘Pyrex’ glass bottles for estimating the radiation sensi- 
tivity of cell monolayers cultured in vitro}. 

During the course of investigations involving the irrad- 
iation of monkey kidney cells grown on the surface of 
polystyrene bottles, it was observed that exposure of the 
bottles to toluol caused the dissolution of the plastic, 
leaving the intact monolayers floating free. This suggested 
a method for processing and examining the free. mono- 
layers. 

The cell sheet adhering to the surface of the bottle i is 
suitably fixed. The choice of fixative is important, as 
some (for example, Zenker’s and: ‘Helly’s) cause brittle- 
ness of the cell sheet with consequent fragmentation. Of 
the fixatives tried, the best results were obta ed with 
Bouin’s or Susa, although methanol or ethanol > 
24 h at 4° C appeared to be satisfacto hol- 
formalin may be used provided that prolonged washin is s 
carried out prior to staining. | tee 

After fixation, a section of the plastic, the: s 
mieroscope slide, is cut from the bottle by: mean: of hot 
knife and processed (washing, staining, dehydra 
in ordinary staining dishes. The stained 
immersed in toluol in individual. coplin ji be 
few minutes the plastic starts to soften, a 
shaking the monolayer is dislodge 
may be teased on to a glass slide an Le 



























no a901 October 5; 1963 
FORTHCOMING EVENTS 


(Meetings marked unth an asterisk are open to the publac) 


Monday, October 7 


CIBA FOUNDATION (at the Royal Institute of British Architects, 66 
Portland Place, London, W1), at 5 pm —Prof V Ramalhngaswami 
‘Perspectives ın Protein Malnutrition” (15th (Annual) Ciba Foundation 
Lecture) 


BRITISH SOCIETY FOR THE PHILOSOPHY OF SCIENCE (in the Jomt Staff 
Common Room, University College, Gower Street, London, W C 1), at 
5 30 pm—Prof C A Mace “Explanation im Psychology” 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, London, S W 1), 
at 5 30 p m —Informal Discussion on “The Uses of Steel Vis-4-Vis Concrete” 
introduced by Mr J F Pamand Prof A L L Baker 


SOCIETY OF ENGINEERS (at the Geological Society, Burlington House, 
Piccadilly, London, W 1), at 580 pm—Mr F W Hyde ‘Radio 
Astronomy” 


INSTITUTION OF MECHANICAL ENGINEERS, LUBRICATION AND WEAR 
GROUP (at 1 Birdcage Walk, Westminster, London, S W 1), at 6 pm — 
Discussion on “Grease or O11?” 


INSTITUTE OF INFORMATION SCIENTISTS (at the Swedenborg Society Hail, 
20 Bloomsbury Way, London, W C1), af 615 pm -Mr Robert Maxwell 
“The Economics of Publishing Scientific Material” 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (joint meeting with 
the EWELL COUNTY TECHNICAL COLLEGE CHEMICAL SOOLETY, at the County 
Technical College, Reigate Road, Ewell, Surrey), at 7 pm—Dr J 
Haworth “Anaesthetics” 


Tuesday, October 8 


ZOOLOGICAL SOCIETY OF LONDON (at the Zoological Gardens, Regent’s 
Park, London, N W 1), at 5 p m Scientific Papers 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SEOTION (at the Royal 
Society of Tropical Medicine and Hygiene, 26 Portland Place, London, W 1), 
at 530 pm—Mr J D Harris “Silica and Silcates”’, 7 pm-—Dr W PF 
Watson “Cyclisation of Natural Rubber” 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 1 
Birdcage Walk, Westminster, London, S W 1), at 6 pm-—Annual Meeting 
Annual Report for 1962-63 and induction of new Chairman 6 30 pm-—~ 

Mr S H Grylls ‘The History of a Dimension” (Chairman’s Address) 


PLASTICS INSTITUTE (at the Wellcome Building, Euston Road, London, 
N,W.1), at 680 pm—Mr K © Waldron ‘Plastics in the Car Industry *, 


ROYAL SOCIETY OF MEDICINE, PSYCHIATRY SECTION (at 1 Wimpole Street 
London, W 1), at 8 p m —Dr J S I Skottowe “Our Craft” (Presidential 
Address) 


Wednesday, October 9 


BRITISH INTERPLANETARY Soorstry (in the Lecture Theatre of the Royal 
Aeronautical Society, 4 Hamilton Place, London, W 1), at 9a m —Symposium 
on ‘‘Advanced Propulsion” 


COLOUR GROUP (GREAT BRITAIN) (in Lecture Theatre No 3 Physics 
Department, Imperial College, Prince Consort Road, London, S W 7), at 
3 pm—RHeports on the Conference of the Commission Internationale de 
l’Eclarrage (C I E ) held in Vienna, June 1963 


GEOLOGICAL SOCIETY oF LONDON (at Burlington House, Piceadilly, 
London, W 1), at 5 pm—Dr G Fielder “Strike-Slip Faulting in the 
Vaporum Region of the Moon’, Mr S L Jam, Dr P L Robinson and 
Mr T K R Chowdhury “A New Vertebrate Fauna from the Triassic of 
the Deccan, India”, Prof A Desio, Dr E Martina and Dr G Pasquaré 
“The Geology of Badakhshan (North-East Afghanistan)” 


BRITISH INSTITUTION OF RADIO ENGINEERS, ELECTRO-ACOUSTICS GROUP 
(at the London School of Hygiene and Tropical Medicme, Keppel Street, 
Gower Street, London, WC 1), at 6p m —Dr J C Barton “Novel Types 
of Magnetic Recording Heads” 


INSTITUTION OF MECHANICAL ENGINEERS, APPLIED MECHANICS AND 
Sream PLANT GROUP (at 1 Birdcage Walk, Westminster, London, S W 1) 
at 6pm—Mr H J Bernhard ‘Flange Theory and the Revised Standard 
BS 10 1962—Flanges and Bolting for Pipes, Valves and Fittings” 


Socrery OF CHEMICAL INDUSTRY, Foop GROUP Gomt meetmeg with the 
OILS AND Fars Group, at 14 Belgrave Square, London, S W 1), a6 615 pm 
—Dr D A Walker ‘Fats in Relation to Ice Cream” 


SOCIETY FOR ANALYTICAL CHEMISTRY (in the Main Chemistry Lecture 
Theatre, Imperial College of Science and Technology, London, 8 W 7), at 
6 30 p m —Meeting on “Thin Layer Chromatography” 


SOCIETY OF INSTRUMENT TECHNOLOGY, MEASUREMENT TECHNOLOGY 
SECTION (at Manson House, 26 Portland Place, London, W 1), at 7 pm-— 
Mr P Hutchins “Measurement Techniques for the Control of Efficiency 
and Safety of Nuclear Chemical Plant” 


Thursday, October [0 


INSTITUTE OF PHYSICS AND THE PHYSICAL SOCIETY, ACOUSTICS GROUP 
Qn the Physics Department, Imperial College of Science and Technology, 
London, S W 7), at 3 pm—Meeting on “Some Aspects of the Wilson 
Committee Report on Noise” 


INSTIEUTION OF CIVIL ENGINEERS, HYDROLOGICAL GROUP (at Great George 
Street, Westminster, London, S W 1), at 5 30 p m —Informal Discussion on 
“What ıs Hydrology? How is 16 Apphed?” mtroduced by Mr P O Wolf 


CHEMICAL Society Gn the Anatomy Theatre, King’s College, Strand, 
London, W C 2), at 6 p m —Prof H EH Gunnnmg E W T Steacie Memorial 
Lecture 


INSTITUTION OF MECHANICAD ANGINEERS, NUCLEAR ENERGY GROUP 
(at 1 Birdeage Walk, Westminster, London, S W 1), at 6 p m —Discussion 
on “A Basis for Comparison of the Operating Economy of One Nuclear 
Power System with Another, and with Conventional Generating Systems” 


NATURE 
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OIL AND COLOUR CHEMISTS’ ASSOCIATION (at the Royal Society of Tropical 
Medicine and Hygiene, Manson House. 26 P i x 
at 7 pm—Mr PR De j ortland Place, London, W 1) 
Properties” 


RADAR AND ELECTRONICS ASSOCIATION (at the Royal 8 rt 
J ohn Adam Street, Adelphi, London, W C oy at 7pm oa wena Witton : 
Optical Masers, How They Work and What They Do” 


ROYAL SOCIETY OF MEDICINE (at 1 Wimpole Street, London, W 1), at 
8 pm —Sir Charles Harington, KBE, FR “The , , 
Medicine” (Nuffield Lecture) S “The Debt of Science to 


, 


“Instrumental Prediction of Pamt Application 


Friday, October [| 


UNIVERSITY OF LONDON (at the Royal Vetermary College, Royal College 
Street, London, NW), at 4 pm—Prof John Francis (Giverny SE 
Queensland) ‘The Cattle industry m Tropical and Sub-Tropteal Australia” * 


Saturday, October 12 


LONDON County Councm (at the Hornman Museum, London Road 
Forest Hull, London, S E 23), af 2 30 p m —Mr H YT Norris ‘Mauritanian 
Society, Its Poetry and Music” * 


Monday, October 14 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W C 2), 
by e = R pe aa OUER on “Patents and British Industry Today” opened 
or 


INSTITUTION OF MECHANICAL ENGINEERS, MANIPULATIVE AND MECHANICAL 
HANDLING MACHINERY GROUP (at 1 Birdcage Walk, Westmmmster, London, 
S W 1), at 6 p m —Discussion on “Modern Advances 1n the Design and Use 
of Aufomatic Vending Machines” 


ROYAL GEOGRAPHICAL Socimry (at 1 Kensington Gore, London, S W 7), 
at 6pm—Mr Eric E Shipton, CBE “Patagonian Adventure” (colour 
films with commentary) 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (joint meeting with the 
SURFACE AOTIviry GROUP, at 14 Belgrave Square, London, $ W 1), at 
6pm—Dr J M Corkill “The Structure of Thin Detergent Films” 


PLASTICS INSTITUTE, ENGINEERING SUB-GROUP (at “The Ring” Black- 
friars Road, London, S E 1), at 6 30 pm —Mr P J Gough ‘“Toolmaking 
by Spark and Blectro-chemical Erosion” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appomtments on or before 
the dates mentioned 

ASSISTANT EXPERIMENTAL OFFICER (with a degree im science, horticulture 
or agriculture, or equivalent) for physiological studies on vegetable crops— 
Rer National Vegetable Research Station, Wellesbourne, Warwick 

etober 

RESEARCH FELLOW (with an M Se or Ph D degree and/or research experi- 
ence 1n one of the following fields neutron physics, fluctuations in electronic 
devices, vacuum physics and electron optics, wave optics or solid state 
physics including X-ray crystallography) IN THE DEPARTMENT OF PHYSICS 
—The Staff Officer, College of Advanced Technology, Gosta Green, 
Birmingham, 4, quoting Ref 9/63/6 (October 14) 

SENIOR LECTURER (with a special interest m physical-organic chemustry, 
preferably experience m teaching, and capable im imitiating mdependent 
research) IN THE DEPARTMENT OF CHEMISTRY—Clerk to the Governing Body, 
Chelsea College of Science and Technology, Manresa Road, London, S W 3 
(October 14) 

ASSISTANT LECTURER (preferably honours graduate in zoology or physiology 
with suitable postgraduate experience) IN ANATOMY AND HISTOLOGY IN THR 
DEPARTMENT OF AGRICULTURE, Sutton Bonington, near Loughborough— 
The Registrar, The University, Nottingham (October 15) 

READER IN BIoPHYsics—Clerk to the Governors, Chelsea College of Science 
and Technology, Manresa Road, Chelsea, London, S W 3 (October 21) 

STUDENT IN THE DEPARTMENT OF CHEMISTRY for research on the prepara- 
tion and properties of nickel cobalt films—The Registrar, The University, 
Hull (October 21) 

PROFESSOR OF PHILOSOPHY, PROFESSOR OF SOCIOLOGY, PROFESSOR OF 
PHYSICS, PROFESSOR OF CHEMISTRY, and a PROFESSOR OF MATHEMATICS — 
The Registrar, Unrversity of Kent, Westgate House, Canterbury, Kent 
(October 26) 

FELLOW IN THE DEPARTMENT OF DEMOGRAPHY, Research School of Social 
Sciences, Institute of Advanced Studies, Australian National University— 
The Secretary, Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S W 1 (Austraha and London, 
October 28) 

CHAIR OF PURE MATHEMATICS at the University of Canterbury, New 
Zealand—Secretary, Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, S W 1, or The Registrar, 
University of Canterbury, P O Box 1471, Christchurch, New Zealand 
(October 31) 

CHAIR OF SocroLoay—The Registrar (Room 22, O R B ), The University, 
Reading (October 31) 

LECTURER OR ASSISTANT LECTURER IN MATHEMATICS at the University of 
Singapore-~The Secretary, Inter-University Council for Higher Education 
Overseas, 29 Woburn Square, London, W C 1 (October 31) 

PLANT PHYSIOLOGIST, Principal Scientific Officer grade or Senior Principal 
Scientific Officer grade (active research worker with wide experience of 
research in plant physiology, particularly as apphed to practical problems 
in the production of economic crops)—The Secretary, Glasshouse Crops 
oe A gc Worthing Road, Rustington, Littlehampton, Sussex 

ctober 

SENIOR LECTURER IN THE DEPARTMENT OF PSYCHOLOGY, University of 
the Witwatersrand, Johannesburg, South Africa—-The Secretary, Association 
of Commonwealth Universities (Brance Office), Marlborough House, Pall 
Mall, London, 8 W 1 (South Africa and London, October 31) 

TEMPORARY RESEARCH ASSISTANT (graduate m botany, biochemistry or 
chemistry) IN THE DEPARTMENT OF BOTANY, to assist in aspects of amuno- 
acid metabolism in plants being conducted by Dr L Fowden—tThe Secretary, 
University College, Gower Street, London, W C 1 (October 31) 

LECTURERS (2) IN EDUCATION AT THE UNIVERSITY OF OTAGO, Dunedin, 
New Zealand-~—The Secretary, The Association of Commonwealth Universi- 
ties (Brance Office), Marlborough House, Pall Mall, London, S W 1, or The 
Registrar, University of Otago (London and New Zealand, November 2) 
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CHAIR OF ZOOLOGY—The Secretary, Queen’s University, Belfast, Northern 
Ireland (November 30) 

RESEARCH ASSISTANT at the Radcliffe Observatory, Pretoria—The Seere- 
ay to me oe Trustees, 7 Lincoln's Inn Fields, London, W C 2 

ecember 

ANIMAL NUTRITIONIST (with a degree in agriculture with postgraduate 
traimng or experience in biochemistry, anrmal physiology or animal nutrition, 
or an honours science degree with postgraduate trammg or experience im 
animal husbandry, and preferably experience of nutrition work m the 
tropics) IN THE HAST AFRICAN AGRICULTURE AND FORESTRY RESEARCH 
ORGANIZATION, for investigation of metabolism of tropical and temperate 
type cattle with a tropical environment—The Director of Recruitment, 
Department of Technical Ca ana Eland House, Stag Place, Victoria, 
London, S W 1, quoting Ref T/RC 264/864/02 

BIOCHEMIST, Basic grade (university graduate 1m chemistry or biochemistry, 
or ARIC) IN THE CHEMICAL PATHOLOGY DEPARTMENT, for duties which 
will include assays of protem bound 1odine and other specialized estimations, 
with tranmg in all aspects of clinical biochemistry-~The Clerk to the 
ret eae St Bartholomew’s Hospital, London, E C1, quoting Ref No 

BIOLOGIST (with postgraduate experience m microbiology) to jom a group 
carrying out research on problems concerned with the genetics of bacteria 
and bacterial viruses-—~The Director, Medical Research Council, Microbial 
a Research Unit, Hammersmith Hospital, Ducane Road, London, 

LECTURER (man or woman, with good academic qualifications and 
preferably some teaching experience) IN MATHEMATICS—The Principal, 
Avery Hill Trarnmg College, Bexley Road, Eltham, London, S E 9 

LECTURER (with at least a good honours degree m chemistry, some teaching 
and research or mdustrial experience, and an active interest m research) 
IN INORGANIO CHEMISTRY, to teach to Grad RIC ,B Sce Generaland HNC 
standards—The Principal, South-Bast Essex Technical College and School 
of Art, Longbndge Road, Dagenham, Essex 

NON-MEDICAL BIOCHEMIST (basic grade)—Dr M Lubran, Pathology 
Department, West Middlesex Hospital, Isleworth, Middlesex 

RESKARCH ASSISTANT (qualified for registration for Ph D degree and 
with a special interest m organic chemistry) IN THE DEPARTMENT OF 
CHEMISTRY—The Secretary, Queen Elizabeth College (University of London), 
Campden Hill Road, London, W 8 

SENIOR TECHNICIAN (Grade TI) (able to supervise and organize technicians 
and technical services) for the teaching section of the Department of 
Geology—-The Assistant Bursar, The University, Reading 

TECHNICIAN or SENIOR TECHNICIAN (female) for research work in mam- 
mavan physiology—The Administrator, University Laboratory of Physiology, 

xfor 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


General Register Office Census 1961 England and Wales County 
Report—Monmouthshire Pp xxui+96 (London HM Stationery Office, 
1963 ) 20s net (307 

The British Drug Houses, Ltd The Determination of Fluidity of Cotton, 
Rayons and Cellulose Acetate usmg “Shirley” Cuprammonimm Hydroxide 
Solution Pp 8 (Poole The British Drug Houses, Ltd , 1963 ) {18 

Foundations of Scientific Poley By Dr Stephen Toulmm Pp 6 
(London Dr Stephen Toulmm, The Nuffield Foundation Umt for the 
History of Ideas, 1963 ) [18 

Government of Northern Ireland Mimstry of Agriculture Leaflet 
ar Careers m Agriculture Pp 8 (Belfast Ministry of AO 

8 

Bullet of the British Museum (Natural History) Botany, Vol 8, 
No 2 The Diatom Genus Capartogramma and the Identity of Schizostauron 
By R Ross Pp 47-92+plates 1-2 (London British Museum (Natural 
History), 1963) 14s [78 

Department of Scientific and Industrial Research The Work of the 
Torry Research Station and Humber Laboratory for Research on the Pro- 
blems of Handling and Preservation of Fish and Fishery by-Products-~a 
Brief Description Pp 24 (London Department of Scientific and Industrial 
Research, 1968 ) 78 

Morganite Research and Development Limited The Northfields Labora- 
tories—~Descriptive Brochure Pp 11 (London Morganite Research 
and Development Limited, 1963 ) (78 

Department of Scientific and Industrial Research Building Research 
Station Building Research—Quarterly List of Publications, List No 25, 
April 1963 Pp 7 (London Department of Scientific and Industrial 


Research, 1963 ) l [78 

General Register Office Census 1961 England and Wales County 
Report——Denhighshire Pp xxui+55 13s 6d net County Report— 
Anglesey Pp »an+46 Ils 6d net County Report—Carmarthenshire 
Pp xxui+56 13s 6d net (London HM Stationery Office, 1963) [78 

Gateways Guide to Courses of Further Education mm Middlesex, 1963- 
1964 Part1 Vocational Courses Pp 55+x1 Part 2 General Interest 
and Recreational Courses Pp 50+¥ (London Middlesex County Council 
Education Committee, 1963 } 128 

The Edinburgh School of Agniculture The Edinburgh and East of 
Scotland College of Agriculture Calendar for 1963-1964 Pp 66 (Edin- 
burgh The Edimburgh School of Agriculture and The Edmburgh and 
East of Scotland College of Agriculture, 1963 ) [128 

General Register Office The Registrar General’s Quarterly Return 
for England and Wales Births, Deaths and Marriages, Infectious Diseases, 
Weather, Population Estimates, Quarter ended 31st March, 1963 (No 
457, Ist Quarter 1963) Pp 32 (London HM Stationery Office, 1963 ) 
2s 6d net [128 


Other Countries 


United States Department of the Interior Geological Survey Bulletin 
1131 Geology and Mmeral Deposits of the Turtle Lake Quadrangle, Washing- 
ton By George E Becraft and Paul L Weis Pp v+73+plates 1-6 
Bulletin 1134 Ordovician Graptolites of the Basin Ranges in California, 
Nevada, Utah, and Idaho By Reuben J Ross,Jr and William B N Berry 
Ises 177+plates 1-14 (Washington, DC Government Prmtmg Office, 

3 


07 

Ministére de l'Agriculture de la Province de Québec Le Conseil des 

Recherches Agricoles Recherches Agronomiques-—Sommaire des Résultats, 

1961-1962 Pp 20 (Extrat du Rappoty du Mumstére de l'Agriculture 
de la Province de Québec pour l’Année finissant le 31 Mars 1962 ) (Québec 

Ministére de l'Agriculture de la Province de Québec, 1963 ) [807 
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United States Department of Commerce Weather Bureau Technical 
Paper No 48 Characteristics of the Hurricane Storm Surge By D Lee 
Harris Po ea 189 (Washmeton, DC Government Prmting Office. 
1963 ) 70 cents 

Canada Department of Mines and Technical Surveys Geological Survey 
of Canada Miscellaneous Report No 7 The National Parks ın Ontario a 
Story of Islands and Shorelmes Pp iv+70 50 cents Memoir No 313 
Devonian Stratigraphy of Northeastern Alberta and Northwestern Saskat- 
chewan By A W Norris Pp x1+168 250 dollars Paper 63-18 
Rocks and Minerals for the Collector Sudbury to Wmnipeg By Ann P 
Sabina Pp i1+69 75 cents (Ottawa Queen’s Printer, 1963 ) [307 

National Academy of Se:ences—National Research Council, Washington 
Publication 1078 Damage to Livestock from Radioactive Fallout m Event 
of Nuclear War (A Report by the Subcommuttee on Livestock Damage of 
the Advisory Commuttee on Civil Defense, National Academy of Sciences— 
National Research Council) Pp vi+93 (Washington, DC National 
Academy of Scrences—National Research Council, 1963 ) 2 dollars {307 

Bulletin of the American Museum of Natural History Vol 125, Article 2 
Types of the Tachimdae (Diptera) in the American Museum of Natural 
Hastory By Paul Henr: Arnaud, Jr Pp 101-1388 (New York American 
Museum of Natural History, 1963) 1 dollar [307 

Records of the Australian Museum Vol 25, No 10 (19th June, 1962) 
The History and Significance of the Fossil Casuarwus lydekhero By Alden 
H Miller Pp 235-238 Vol 25, No 11 (19th June, 1962) Two New 
Scleractinian Corals from Australia By John W Wells Pp 239-242+ 
plates 16-18 (Sydney The Australian Museum, 1962 ) [307 

United States Department of Agriculture Agriculture Handbook No 
240 Controllmg Insects and Diseases of the Pecan By Max R Osburn, 
WilhamcC Pierce, A M Phillips, John R Cole and George L Barnes Pp 52 
(Washington, DC Government Printing Office, 1963 ) 25 cents [807 

Chicago Natural History Museum fFieldiana Botany Vol 29, No 10 
Tropical American Plants, Y By Lows O Willams Pp 545-586 (Chi- 
cago Chicago Natural History Museum, 1963 )} 75 cents [807 

‘Transactions of the American Philosophical Society New Seres, Vol 53, 
Part 4 The Western Journals of Dr George Hunter, 1796-1805 Hdited 
by John Francis McDermott Pp 183 (Philadelpua ‘The American 
Philosophical Society, 1963 ) 3 dollars {807 

Canada Department of Mmes and Technical Surveys Geological Survey 
of Canada Geological Maps—Prelimimary Series Map 30-1963 Yukon 
Territory and Northwest Termtories Map 1039A Alberta and North- 
eastern British Columbia showing O11 and Gas Fields (information to January 
age Ninth edition (Ottawa Director, Geological Survey of ee 


Bulletin of the Florida State Museum, Biological Sciences Vol 7, No 4 
Catalogue of Fossi] Birds By Pierce Brodkorb Pp 179-293 (Gaimesville, 
Fla  Flormda State Museum, 1963) 140 dollars [18 

World Health Organization Information Circular on Insecticide Resis- 
tance, No 35, September 1962 Pp 16 (Geneva World Health Organiza- 
tion, Division of Environmental Health, 1962 ) {18 

Repubhe of Cyprus Ministry of Commerce and Industry Geological 
Survey Department Bulletin No 1 The Mineral Resources and Mining 
Industry of Cyprus By T B S Gorman and L M Bear Pp xv+208 
(Nicosia Geological Survey Department, 1968) 20s [18 

United States Department of the Interior Geological Survey Bulletin 
1083-E Geology of fhe Edgemont NE Quadrangle, Fall River and Custer 
Counties, South Dakota By Garland B Gott and Robert W Schnabel 
Pp v+127-190+ plates 12-16 Bulletin 1121-J Geology of the Duck 
Creek Pass Quadrangle, Montana By WilhsH Nelson Pp 1v+56+plate 
1 Bulletm 1130 Geology of the Mount Pinchot Quadrangle, Southern 
Sierra Nevada, Califorma By James G Moore Pp yvn+152-+plates 1 and 
2 Bulletin 1141-D General Geology of the Jackson Mountains, Humboldt 
County, Nevada By Ronald Willden Pp 1v+65+ plates 1-3 (Washing- 
ton, DC Government Prmting Office, 1963 ) 18 

New Zealand Marme Department Fisheries Technical Report No 8 
Biological and Economic Aspects of the Elephant Fish Calloshynchus malar 
Bory in Pegasus Bay and the Canterbury Bight Pp 1+54 (Wellington 
Government Printer, 1963 ) 18 

Canada Department of Mimes and Technical Surveys Geological 
Survey of Canada Miscellaneous Report No 6 Jasper Nationa] Park 
Behind the Mountams and Glaciers By David M Baird Pp wi+184 
150 dollars Index to Publications of the Geological Survey of Canada 
(Supplement for 1961, 1962) Pp wn+71 35cents Paper 62-25 Geology 
of the Bante, Gypsum, Manganese, and Lead-Zinc-Copper-Silver Deposits 
of the Walton-Cheverie Area, Nova Scotia By R W Boyle Pp 1+386+ 
map 75 cents Paper 62-33  Dahadinn: and Wrigley Map-Areas, Dis- 
tnet of Mackenzie, Northwest Territories By R J W Douglas and D K 
Norris Pp n+834-+2maps 75cents (Ottawa Queen’s Printer, 1963 ) [18 

Tre Organization for Economic Co-operation and Development Pp 254 
seen) The Organization for Economic Co-operation and ines 

Records of the Domimion Museum, Wellington Vel 4, No 14 (29 
March, 1983) The Southern Black-Backed Gull (Larus dominicanus) Lich- 
tenstemmn—Measurements, Plumage Colour, and Moult Cycle By F C 
Kinsky Pp 149-219 Vol 4, No 15 (24 May, 1968) The Iattoral Marme 
Mollusca of the Snares Islands By R K Dell Pp 221-229 Vol 4,No 16 
(24 May, 1963) A Moa-Bone from the Sea-Floor in Cook Strat By C A 
Fleming Pp 231-233 (Wellington Dominion Museum, 1968 ) [18 

European Organization for Nuclear Research, CERN Annual Report, 
1962 Pp 165 (Geneva European Organization for Nuclear Research, 
CERN, 1983 ) [18 

Chicago Natural History Museum ‘Fieldiana Geology Memoirs Vol 4 
The Paleocecological History of Two Pennsylvania Black Shales By Ramer 
Zangerl and Eugene § Richardson, Jr With contributions by Bertram G 
Woodland, Robert L Miller, Richard © Neavel, and Harry A Tourtelot 
Pp x1+353 (55 plates) (Chicago Chicago Natural History Museum, 
1963 ) 10 dollars [88 
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General Purpose 
Thermostatic 


This Bath is designed to cover a wide field of 
usefulness in all laboratories and presents a lower 


priced alternative to our high performance ‘Standard 


Thermostatic Bath’. 
Working interior dimensions 20” x 92” x 44”, 


Illustrated catalogue on request to 
Laboratory Thermal naement Ltd. 
Greenfield, Nr. Oldham. f 


Telephone: Saddleworth 3221/2 





MICROMANIPULATORS f 


NATURE 


A Pentazet 
takes 
40,000 frames 
a second 


...Dy remote control! 


XXXi 








A 


Extreme precision at very high speed with great simplicity 
of operation — a Pentazet combines all three indispensable 
qualities for scientific work with quite unique features Itis 
a camera perfected in Germany and designed for the whole 
range of scientific duties Note the special features 


if you use a 


MICROSCOPE 


you need a 


SINGER 


FULLY PATENTED 


MIGROMANIPULATOR 


Singer micromanipulators are used in 
most laboratories all over the world 
Three types available 

Mk I Low power for magnifications 
xI to x200 

Mk H For magnifications x1 to 

x 500 

Mk HI High power for magnifications 
x100 to x 1,000 plus 


The most advanced instruments for 
micromanipulation As described by 
Barer and Saunders-Singer with further 
Improvements 


Full details and demonstrations upon 
request to 


SINGER INSTRUMENT CO. LTD., 
Fountain Court, 83 London St, 
Reading, Berkshire, England 
Telephone Reading 53613 





KS 





These features make a Pentazet unique 


m Operates at speeds up to 40,000 frames a second 


m Built-in heating device for exposures down to—30°C, 


adjustable automatically by thermo-switch 


m Can be used as recording device by simple connection 


to cathode ray oscillograph, 


records single movements of 1 millisecond and less. 


m Image lens has focal length of 45mm, relative aperture 


of 1 2 


m Telescopic fens permits 8x magnification of normal lens 


image 


m The lens can be focussed down to 1’8” (0 5 metres). 
m 3 pressure keys operate electric controls in compact 


switchboard 
ma Can be operated by remote control 


m The camera's laterally unreversed, upright pictures can 


be copied without reprinting 


PENTAZET 


16mm and 35mm, the scientist's high-speed camera 


For more information about the Pentazet, write to: 


The Rank Organisation 


RANK STUDIO EQUIPMENT 


Woodger Rd » Shepherds Bush ° London W12- Tel: SHEpherds Bush 2050 
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CLASSIFIED ADVERTISEMENTS 


are charged at 12s for the first line and 
68 per line thereafter Lines m capitals or 
contamng words in capitals 12s per bne 
Semi-displayed £4 ics per single column 
inch Colour (orange) £15 extra Is B 
charged for the re-direction of replies to 
advertisements with a box number 


ADVERTISEMENTS SHOULD BE 
ADDRESSED TO T G Scott and Son, 
Limited, 1 Clement's Inn, Strand, London, 
WC2 Telephone HOLborn 4743 Tele- 
grams Textuahst, Estrand, London 








APPOINTMENTS VACANT 


SOUTH AUSTRALIAN INSTITUTE 
OF TECHNOLOGY 


NORTH TERRACE, ADELAIDE, 
SOUTH AUSTRALIA 


HEAD OF DEPARTMENT OF PHYSICS 


Applications are imvited for the above posi 
tion The salary 1s that of a University Reader 
in SA, £A3,000 by £Ai100 to £A3,300 


Applicants should hold at least a Master’s de- 
gree m Physics and should preferably have had 
some industrial and teaching experience 


This Department, unul now a part of the 
Mathematics and Physics Department, provides 
a degree course im Industrial Physics in the 
Faculty of Technology of the University of 
Adelaide It also gives service courses in Physics 
at various levels for other degree courses in 
Technology and Apphed Science The Depart- 
ment 1s also responsible for a vanety of subjects 
for Diploma and Certificate students, including 
Radiography, Radiotherapy and Optometry Post- 
graduate short courses on special topics are being 
developed 





Subject to the general direction of the Head 
of the School of Applied Physics, the appointee 
will be required to supervise and develop the 
work of his Department 


At the completion of six years of service, the 
appointee may apply for paid leave of absence 
for up to one year to obtam further experience 
abroad Other assistance may be granted at the 
discretion of the Council 


The appointee will be eherble to jom the SA 
Government Superannuation Fund He will be 
assisted in meeting reasonable travelling and re- 
moval expenses 


Applications, gwing personal, academic and 
professional details, as well as an approximate 
date for commencement of duty, should reach 
the Agent-General and Trade Commusstoner for 
South Australa (from whom further information 
may be obtained) at 50 Strand, London, W C2, 
not later than November 15, 1963 


ROWETT RESEARCH INSTITUTE 


BUCKSBURN ABERDEEN 
(ANIMAL NUTRITION AND ALLIED 
SCIENCES) 

Applications are invited for the post of Scien- 
tific Officer/Semor Scientific Officer ın the Physio- 
logy Department A good honours degree m 
physiology or biochemustry 1s required An addı- 
tional veterinary qualification would be an ad- 
vantage, as would research experience m the 
field of animal metabolism A suitably qualrfied 
candidate could work for a higher degree Salary 
range £791 to £1,309 or £1,438 to £1,772, placing 
according to age, qualifications and experence 
FSSU © superannuation Further particulars 

available 

Apply, with fullest particulars, naming three 
referees, to the Secretary of the Institute, by 
Noyember 1, 1963 


UNIVERSITY OF ALBERTA 
FACULTY OF AGRICULTURE 


VACANCY 
ASSISTANT PROFESSOR OF ANIMAL 
PHYSIOLOGY 
DEPARTMENT OF ANIMAL SCIENCE 
Ph D or equivalent in animal physiology, minor 
in biochemistry preferred Duties include funda- 
mental and apphed research with farm and 
laboratory animals with emphasis on environ- 
mental physiology, teaching, hmuited extension 
work Starting salary $7,500 to $9,000, depend- 
ing on qualifications, to begin between January 
1 and July 1, 1964 
Apply, giving names and addresses of three 
references, to Head, Department of Animal 
Science, University of Alberta, Edmonton, 
Alberta Closing date November 30, 1963 
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TEA RESEARCH INSTITUTE 
OF CEYLON 


DIRECTOR 


Applications are invited for the post of Director ın succession to 
Dr D L Gunn, CBE High academic qualifications and extensive 
experience of research and of the administration of research are 
required 


‘The post may be filled either by direct appointment or by second- 
ment from a research institution or university for a period of at least 
three, but preferably more, years 


The Institute 1s sttuated at an altitude of 4,500 feet above sea level 
in a climate in the past found satisfactory by expatriates, including 
their young families, during lengthy careers with the Institute It 1s 
financed by a cess on exports of tea and has a gross annual income 
of about £200,000 It has ten research divisions headed by specialist 
officers in addition to advisory divisions The work of the Institute 
is of great 1mportance to the tea industry ım Ceylon and to the 
economy of the Island The working scientific language is English 


The terms are salary scale £4,250 by £125 to £5,250 free of tax, 
entertainment allowance of £400 per annum, a free furnished house , 
free use of an official car with driver for both official and private 
purposes, provision exists for grants for education of children in 
Europe, overseas leave of six weeks annually on full pay with 
passages, covering also wife and up to four children, there is a 
district medical scheme to which the Institute 1s a subscriber, half 
of approved medical expenses of the Director and his family are paid 
by the Institute, contributory provident fund arrangements of 15 
per cent of salary from each side, which may be used to continue 
existing arrangements, such as FSS U, or to make new arrangements 
The duration of the contract 1s subject to negotiation It ıs desired 
to fill the post as soon as possible 


For citizens of Ceylon, India, and Pakistan, the salary scale 1s 
Rs 2,000 by Rs 75 to Rs 2,300 per mensem, plus Dearness Allowance 
of Rs 18160 per mensem for a married man or Rs 139 10 for a single 
man Education allowance and overseas leave cannot be offered 
and the entertainment allowance 1s Rs 250 per mensem, but the other 
terms are the same 


Formal applications in full detail, together with any specific 
enquiries from suitably qualified persons, should be addressed both 
to (a) The Chairman of the Tea Research Institute of Ceylon, 
“Lynwood,” 50 Edinburgh Crescent, Colombo 7, Ceylon, and also 
(b) Dr F R Tubbs, CBE, Director, East Malling Research Station, 
East Malling, Maidstone, Kent, England, to arrive before November 
11, 1963 


Members of the Institute’s Scientific Advisory Committee in 
the United Kingdom, 1e, Mr F C Bawden, FRS, Rothamsted 
Expenmental Station, Harpenden, Herts, Professor T A Bennet- 
Clark, FRS, Department of Botany, University of East Angla, 
Earlham Hall, Norwich, Norfolk, Nor 05G, and Professor G E 
Blackman, FRS, Department of Agriculture, University of Oxford, 


England, may also be consulted on general aspects of the Institute 
and its work 


October 5, 1963 


October 5, 1963 
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PRINCIPAL RESEARCH 
FELLOWSHIPS IN GOVERN- 
MENT ESTABLISHMENTS 


To enable scientists of mgh calibre to 
undertake short-term research m the Seen- 
ufc Civil Service, awards of PRINCI- 


PAL RESEARCH FELLOWSHIPS are 
announced 


TENURE Period of 1 year to 3 years 
{with possibility of extension to 5 years) 

VAL Fixed annual stipend between 
a Peat £2,640 Superannuation under 


QUALIFICATIONS A candidate must 
produce evidence Gncluding published 
work) of a considerable period of frutful 
research and be accepted as a leading 
worker in his/her field 


EXAMPLES OF POSTS 

i Royal Aircraft Establishment, Farn- 
borough, Hants -~Work im the field of 
ASTRONAUTICAL ENGINEERING 


2 Royal Botamc Gardens, Kew —TAX- 
ONOMIST for monographic work 1n 
difficult plant groups 


3 Post Office Research Station, Dollis Hull, 
London —Advanced developments m 
TELECOMMUNICATION SCIENCE 


Research Fellows will be expected to 
propose their own fields of research 


The award of SENTOR or JUNIOR RE- 
SEARCH FELLOWSHIPS will continue as 
heretofore 


Senior Fellowship between £1,420 to 
£1,755 annually 


Junior Fellowship between £975 to 
£1,310 annually 


A high standard 1s set and candidates must 
hold Ist or 2nd Class Honours Degree and 
have completed 3 years (Senior) or 2 years 
Guntor) of postgraduate research 


INQUIRIES to Crvil Service Commission, 23 
Savile Row, Landon, W 1, quoting $/570 





AIR MINISTRY 
SCIENTIFIC ADVISER 


Scientific Officers/Sentor Scientific Officers 
required in Whitehall and RAF Com- 
mand HQ in the Home Counties 


The SCIENTIFIC ADVISER controls 
OPERATIONAL RESEARCH into a wide 
variety of problems affecting the efficient 
functioning of the RAF to-day and tts 
development to meet future demands 
Previous experience in operational research 
not essential, but flexibility and ortgmality 
of mind, wide range of interests and leader- 
ship are necessary 


APPLICATION Form and booklet from Mm- 
istry of Aviation, Est 2/3 A3, Room 516, 
The Adelph: John Adam Street, WC 2, 
quoting HC/2D/0909 


SCIENTIFIC OFFICER/SENIOR 


SCIENTIFIC OFFICER 
SALARIES SO £79]~£1309 
{Increments and special £95 award for 
approved post-grad experience) 
SS O £1438-£1772 
(Starting salary may be above minimum) 
Salaries are supplemented in the London Area 


QUALIFICATIONS 

S Ist or 2nd Class Hons Degree or 
Dip Tech in appropriate subject 
Age under 29 

As above plus at least 3 years post- 
graduate research Age 26 to 31 
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D.S.I R. 


GEOLOGICAL SURVEY AND MUSEUM, 
London 


At least 2 posts, based in London, con- 
cerned with GEOPHYSICAL SURVEYS imn 
the field Maie candidates preierred The 
posts are graded Geologist (Scientific Ofm- 
cer) or Semor Geologist (Senior Scientfic 
Officer} Good promotion prospects Non- 
contributory pension 

At least Ist-year umiversity qualifications in 
Geology and m Physics or Mathematics re- 
quired Expenence in Applied Geophysics 
an advantage 


APPLICATION FORMS from Civil Service 

Commission, 23 Savile Row, London, W 1, 

uane $/5756/63 Closing date October 
3 


2 


WARREN SPRING LABORATORY, 
Stevenage, Herts 

ASSISTANT EXPERIMENTAL OFFICER/ 
EXPERIMENTAL OFFICER m Chemical 
Engineering Diviston for work covering 
wide field in chemical engineering and 
apphed chemistry, including automatic and 
computer control of plant, gas-solid and 
gas-liquid suspensions, technology of pow- 
ders and slurries, appited catalysis and sur- 
face chemustry Interest ın plant as well as 
laboratory work reqtured 


APPLICATION Forms from Director at above 
address Closing date October 15, 1963 


DEPARTMENT OF 
AGRICULTURE AND 
FISHERIES FOR SCOTLAND 


MARINE LABORATORY, Aberdeen 


EXPERIMENTAL OFFICER/ASSISTANT 
EXPERIMENTAL OFFICER for STATIS- 
TICS SECTION, to assist with design 
analysis of experiments, analysis of stats- 
tics of commercial fisheries, production of 
Statistical tabulations Male candidates 
must be prepared for periods of duty at 
sea Degree, inciuding statistics with 
mathematics or economics, or professional 


qualifications im statistics plus appropriate 


experience essential 


PARTICULARS from Estabhshment Officer, 
Room 166, St Andrew’s House, Edinburgh, 
1 Closing date October 15, 1963 


MINISTRY OF AVIATION 


EXPLOSIVES RESEARCH AND 
DEVELOPMENT ESTABLISHMENT, 





: Waltham Abbey, Essex 


MECHANICAL ENGINEER {graded 
SENIOR SCIENTIFIC OFFICER), with 
wide interest ın physical properties of 
metais and non-metals, to jom team study- 
ing various practical physical and mechani- 
cal engineering problems calling for novelty 
in approach and expermmental flair Re- 
search experience in mechanical engineering 
or the physics of solids essential 

WRITE for booklet and application form to 
Dr G H S Young at above address, 
quoting HC/2D/0923 


ASST. EXPERIMENTAL 
OFFICER/EXPERIMENTAL 


OFFICER 
SALARIES AEO £490 fage i8) - £69] 
(age 22) — £858 (age 
26) — £1053 
EO £1164-£1431 
Salaries are supplemented In the London Area 


QUALIFICATIONS 

Degree, Dip Tech, HNC or equivalent 
in appropriate subject Under age 22, 
minimum qualtfication is 2 GCE 'A’ levels 
in Scientific subjects AEO age 18-27 
EO 26-30 
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Full details of careers in the SCIENTIFIC CIVIL SERVICE are avarlable 
on request from Civil Service Commission, 23 Savile Row, W L 
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ORGANIC CHEMIST 


Commencing salary up to £2,000 per 
annum with FS.S WU superannuation 

The Animal Health Trust require an 
Organic Chemist to assist the Head of the 
Forensic Laboratory mm the direction of 
research and roume screening of body 
fluids for pharmacologically active agents 

Appiicants should have a good honours 
degree in chemistry or biochemistry with 
postgraduate experience ın toxicological 
analysis and/or detoxication and = show 
evedence of abrity to direct and co-ordinate 
work of junior staff 

Application forms from Head of Foren- 
sic Laboratory, Equine Research Station, 
Newmarket,” West Suffolk 

Ciosing date for receipt of applications 
November 18, 1963 





CANADA 


FISHERTES RESEARCH BOARD 
PHYSIOLOGIST, ENDOCRINOLOGIST 
or BIOCHEMIST 
$7,300 to $10,500 


DUTIES. To conduct research on hor- 
mones m marine life in such a manner as 
to complement a continuing biochemical 
research programme on adrenalcortical and 
sex hormones tn fish 


QUALIFICATIONS. A PhD degree 
Demonstrated research ability essential 
Post-doctoral or other experience in the 
metabohsm, mode of action, or isolation 
and idenufication of steroid hormones 
desirable 


RESEARCH ASSOCIATE 
$5,200 to 38,500 


DUTIES: Under the general guidance of 
senior scientists to assist in research related 
to studies on tissue culture and fish diseases 


QUALIFICATIONS: Graduation from a 
university of recognized standing with a 
Bachelor’s degree or better Demonstrated 
research ability 

Each of the successful candidates will be 
appointed to a salary covnmensurate with 
qualifications and experience 

Submut complete résumé to Director, 
Fisheries Research Board of Canada PO 
Box 429, Halifax, Nova Scota, Canada 





BRISTOL COLLEGE OF SCIENCE 
AND TECHNOLOGY 
ASHLEY DOWN, BRISTOL, 7 
Department of Chemistry and Biology 


Applications are mvited from Organic or 
Biochemists for appointment as 


TECHNICAL ASSISTANT 


to assist in research in synthetic and meta- 
bolic studies 


Experience with radioactive tracers would 
be an advantage burt not essential 


Candidates should hold a good HNC 
or be graduates 


Salary £650 per annum  Superannuable 
post 


Applications should be addressed to the 
Secretary and Registrar Please quote 
reference CST 63/706 





MANCHESTER COLLEGE OF 
SCIENCE AND TECHNOLOGY 


Research Assistant required for work on the 
Cross-linking of High Polymers in soluuon The 
apphcant should have an honours degree in 
chemistry or physical chemastry (or a good 
GRIC), with preferably some Research cx- 
perience The successful applicant will be en- 
gaged on research sponsored by the Department 
of Scientific and Industrial Research Salary on 
appointment £825 per annum rising to £850 per 
annum in the second year Superannuation under 
FSSU 

Apphications, giving full details, should be ad- 
dressed to Professor R H Pe’ers, Department of 
Polymer and Fibre Science, the Manchester Col- 
lege of Science and Technology, Sackville Street, 
as soon as possible 
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Relum io = 
Research in Britain 


Are you a British scientist in Canada thinking 
of returning to work in Britain? You 

may find what you are looking for, without 
having to go home first, in the Civil Service, 
the United Kingdom Atomic Energy Authority, 
or the Central Electricity Generating Board. 





Research Fellowships and Permanent Appointments 


` There are openings in all branches of science. 
The order in which they are most numerous is 
(i) physics, mathematics, engineering, and 
metallurgy; (ii) chemistry and biochemistry; 
(iii) biology. The research ranges from 
the most fundamental to the most applied. 


A selection board of scientists will 

be coming to Ottawa on 7th January, 1964 

If you would like an appointment with them, 

would you write by 11th November, 1963, 

to: Mr. P. C. Davidge, 

Senior UKAEA Representative in Canada, 

c/o Atomic Energy of Canada Ltd., Chalk River, Ontario. 


An announcement to British scientists in the U.S A will be made in November 


Issued jointly by the Civil Service Commission, 
the U.K. Atomic Energy Authority, and the Central Electricity Generating Board. 


October 5, 1963 





CENTRAL ELECTRICITY 
GENERATING BOARD 
require 
SCIENTIFIC ASSISTANTS 


Young men and women with an interest 
in experimental work are invited to apply 
for posts as SCIENTIFIC ASSISTANTS 
in the Maternals Division at the Central 
Electricity Research Laboratones, Leather- 
head, Surrey 

Vacanties exist for Screntific Assistants to 
work under the supervision of graduate 
Scientists on investigations into the be- 
haviour of special steels and ceramics at 
high temperatures using mechanical tests, 
optical and electron microscopy and X-ray 
techniques 

Applicants should have obtamed at least 
five GCE "O" level passes and prefer- 
ably, at least two “A ** level passes im 
Science subjects 

Scientific Asststants are encouraged to 
Study for higher qualifications by part-time 
day release 

Salanes according to age (minimum start- 
ing salary £350 per annum) with prospects 
of obtaining £1,080 per annum 

Apphcations, stating age, qualifications, 
experience, present position and salary to 

Berryman, Personnel Officer (Head- 
quarters), 24/30, Holborn, London, EC 1, 
by October 14, 1963 QUOTE REF 
N/322 


LOWER INDUS PROJECT 


The team engaged on this large scale im- 
vestigation and development project which 
covers an area of about 15 million acres is 
to be increased by TEN AGRICULTURAL 
SPECIALISTS preferably men with over- 
seas experience in irrigated Agriculture 


The new posts will be filled by men with 
experience m one or more of the follow- 
ing crop trials, reclamation of salme land 
trials, agricultural surveys, crop sampling 
Surveys, economic surveys, studies mto the 
water requirements of crop plants Project 
planning and feasibility assessment will be 
required of at least two of the appo:mted 
Specialists 


All Appointments are initially for two 
year contracts Salaries and Allowances 
are negotiable and will vary with the par- 
ticular Specialization Free furnished accom- 
modation will be provided m each case 


Essential details only m the first instance, 
to The Personnel Manager, Hunting Tech- 
nical Services Limited, 6 Elstree Way, Bore- 
hamwood, Hertfordshire 





PILKINGTON BROTHERS LIMITED 
Glass Manufacturers, require a 


PHYSICIST 


age between 25 to 30 years, at their Re- 
search Laboratories to carry out basic 
research work covering theoretical and ex- 
perimental imvestigations of heat transfer 
and model studies of viscous and non- 
viscous flow in glass-making processes 


The work anvolves design and analysis of 
experuments at small-scale laboratory and 
pilot plant level 


A good honours degree im Physics 15 
essential with some experience of univer- 
sity or industrial research 


The salary ts m a range which can rse to 
£2,000 per annum 


Appheations should be made, quoting 
RES/J3, to L P Laidlaw 
GROUP STAFF DEPARTMENT, 
Pitkington Brothers Limited, 
Grove Street, St Helens, Lancashire 


APPLICATIONS ARE INVITED FOR A 
Post-doctoral Fellowship ın haemoprotein chem- 
astry Sound background m physical organic 
chemistry andfor modern analytical techniques 
are essential —Apply to Dr G R Schonbaum, 
Department of Biochemusiry, Unrversity of 
Alberta, Edmonton, Alberta, Canada 
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Instrumentation Division Manchester 





AEI 


SCIENTIFIC 
APPARATUS 
SALES 


AEI have a number of opportumties m the Analytical Instruments 
Section of their Scientific Apparatus Sales Department The Depart- 
ment 1s a rapidly expanding one, and makes a wide range of scientific 
equipment including mass spectrometers, X-ray spectrometers, electron 
microscopes, and particle accelerators 











CHEMISTS An Honours graduate ıs required with strong interest 
in organic chemistry and keenness to prove himself in a new and expand- 
ing field The work involved ıs the introduction of mass spectrometry 
methods to organic chemistry groups throughout the world 





b 


TECHNICAL SALES STAFF Several Honours gradu- 


ates ın chemistry, physics, or other scientific discipline are required for 
commercial work The duties cover larson between prospective users 
and AEI Application Laboratories 





The preferred age limits for both appomtments would be 24 to 30 
Freedom to travel overseas would be essential and a foreign language 
would be an advantage 


Please write, giving brief details of age, qualifications, experience, and 
present salary, and stating which type of post interests you, to 


STAFF MANAGER (E25) ASSOCIATED ELECTRICAL 
INDUSTRIES LTD - TRAFFORD PARK : MANCHESTER, |7 


~ + 





RADIOLOGICAL 
PROTECTION 


We wish to recrimt two men for mteresting new posts concerned with radiation protection 
measures for our aircraft and equipment at London Airport 


SUPERVISOR 


To investigate and report on radioactive contamination found and make recommendations 
on the protection measures necessary Applicants should have a BSc or other appropri- 
ate professional qualification and the abiluy to orgamze and administer a monnoring and 
protection programme Salary range £1113 to £1308 per annum 


ASSISTANT i 


Preferably aged 21 to 25, to record levels of contammation and generally assist the Super- 
visor in his duties Although a scientific background is desirable, we will consider those 
of high intelligence who have a keen tnterest in this work and the capacity for develop- 
ment under traming Salary range £735 to £894 per annum 


Apply in writing to Personnel Officer, Head Office (NA), British European Airways, Bealine 
House, Ruislip, Middlesex 
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COMMONWEALTH OF AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


DIVISION OF PLANT INDUSTRY 


FELLOWSHIP IN 
MOLECULAR BIOLOGY 


Applications are invited for appomtment to a Research Fellowship in Molecular Biology 
m the Drvision of Plant Industry, CSIRO, Canberra 


The Division of Plant Industry has recently established a Unit of Molecular Biology 
This Unit at present consists of five scientists and is now seeking to appoint another 
Fellow The work presently m progress meludes the study of replication and expression 
m RNA viruses, the evoluuon of enzymes and the mapping of active snes, molecular 
mechanisms of adaptation, of regulatory processes, and of differentiation 


The Division of Plant Industry, situated m Canberra, comprises some 130 scientists 
conducting pure and applied research m Genetics, Plant Breeding, Biochemistry, Physio- 
logy, Microbiology, Inorganic Nutrition, Ecology, Agricultural Physics, Agronomy, and 
Plant Introduction 


The Division 1s well equipped with mstruments for the characterization of macro- 
molecules, iwncludimg preparative and analytical ultra-centrifuges, isotopic equipment, 
recording spectrophotometers, and electron microscope, and electronic computer facilities 


Applicants should possess a Ph D degree m an appropriate field, or have had post- 
graduate research experience of equivalent standard and duration, supported by satisfactory 
evidence of research ability 


Dependent upon qualifications and experience, appomtment will be made at a salary 
of not less than £A1979 per annum up to £A3,015 per annum Appointment of an 
applicant having outstandimg qualities of leadership in research and eminence in the 
broad field of study would be considered up to a maximum of £A3,873 per annum Salary 
rates for women are £A188 per annum less than the corresponding rate for men 


The Fellowship 1s initially for three years with the possibility of extension 1f mutually 
desired 


Consideration may be given to the continuation of FSSU or, alternatively, if a 
secondment 1s arranged with the present employer, the Organization may be able to 


arrange to reimburse the employer’s share of other superannuation schemes 


Return fares paid for the appointee and his dependent family 


supplied on application to 


Further particulars 


Mr P F Buter, Chief Scientific Liaison Officer, Austrahan Scientific Liason Office, Africa 


House, Kingsway, London, W C 2, 


to whom applications (quoting Appointment No 130/614) should be addressed by Nowem- 


ber 2, 1963 


AUSTRALIA 


If you are thinking of taking up an appointment in Australia you 
are cordially invited to write to us for helpful information and 
advice on the various aspects of Australian conditions and affairs 

“ Australia—A Guide for Newcomers” 1s one of a number of 
publications designed especially to help those contemplating residence 
m Australia, and a copy will be freely sent on request 


Please write, call or telephone 


THE NATIONAL BANK OF AUSTRALASIA LIMITED 


Information Department 


Chief London Office 


UNIVERSITY OF MANCHESTER 


Applications are invited for the posts of Lec- 
turer and Assistant Lecturer in the Department 
of Physics in the Faculty of Science The re- 
search imerests of applicants should he in the 
High Energy Physics field, in which the Depart- 
ment has an active programme Duties to com- 
mence as soon as possible Salary scales Lec- 
turer, £1,250 to £2,150 per annum, initial salary 
according to qual:fications and experrence , Assist- 
ant Lecturer, £1,000 to £1,150 per annum 
Membership of the FSSW and Childrens 
Allowance Scheme 

Applications should be sent not later than 
November 15, 1963, to the Registrar, the Univer- 
sity, Manchester, 13, from whom further par- 
ticulars and forms of application may be ob- 
tained Applications by a:rmail letter in the first 
instance will be received from overseas candi- 
dates, who should state the names and addresses 
of at least three persons to whom reference can 
be made 


6-8 Tokenhouse Yard, EC2 


Telephone MONarch 8070 





UNIVERSITY OF EDINBURGH 
DEPARTMENT OF MEDICAL PHYSICS 
LECTURESHIP 

Applications are invited for the post of Lec- 
turer in the above Department Salary scale 
Lower £1,250 by £110 to £1,690, Higher £1 805 
by £115 to £2,150 by £110 to £2 700 per annum, 
with placement according to qualifications and 
experience, and with superannuation benefit and 
family allowance where apphcable The success- 
ful appicant will include among his duties 
those of University Radiauon Protection Officer 
and will be expected to undertake and supervise 
research in this and related fields The success- 
ful applicant will be expected to take up duty in 
October, 1963, or as soon as possible thereafter 

Further particulars may be obtained from the 
undersigned, with whom applications (six copies), 
giving the names of two referees, should be 
lodged not later than October 12, 1963 

CHARLES H STEWART, 
Secretary to the University 


SOUTHERN RHODESIA 
MINISTRY OF AGRICULTURE 


App ications invited from holders of Agricultural 
degrees (pass or honours) with majors in appro- 


priate subjects Post-graduate experience a 

recommendation 

1 POULTRY OFFICER~-Matopos Research 
Station 


Design and execution suitable research pro- 
gramme, tncluding the conducting of egg- 
laying tests and poultry advisory work 


2 AGRICULTURAL CHEMISTS-~Chemuistry 
Branch 
One post Analytical Laboratory, Salisbury, 
concerned with analysis by chemical and 
spectrographic methods, agricultural products 
and matertals Duties analytical and ad= 
VISOTy 
The other post Soil Survey Section, sol 
surveys for Land Settlement, Irrigation and 
other schemes Staff usually spend winter 
months in the field and for the remainder of 
the year are occupied in the Salisbury offices 
and laboratories on analysis of the samples 
collected and compilation of maps and 
reports 


3 SEED RESEARCH OFFICER, SALISBURY 
Applicants should have an honours degree m 
ether Plant Pathology or Microbiology 
Dutres include imvestigation of seed-borne 
diseases, detecuon and control, and various 
aspects of seed physiology 


4 ANIMAL HUSBANDRY OFFICER— 

Matopos Research Station 

Appheants should possess Degree with 
Animal Husbandry major subject A diploma 
m sheep and wool a recommendation 
Duties include physiological and nutritional 
Studies on exotic and indigenous beef breeds 
and assisting in all matters pertamning to beef 
production m the lower rainfall areas of 
Southern Rhodesia 


Fal 
Salaries are in the Professional Officer scale 
£900 by £100 to £1,200 by £75 to £1,350 by £60 
to £1,770 by £65 to £1,900 per annum 


Entry pomt depends on qualifications and expert 
ence 


Pension Benefits—Good leave conditions—Low 
Income Tax—Good sporting facilities--Attractive 
chimate—Fares Pard 


Applications to and further details from 
Secretary (R), Rhodesia House, 429 Strand, 
London, WC2 


Closing date October 16, 1963 


GOVERNMENT OF UGANDA . 
VACANCY FOR A BIOCHEMIST 


The Department of Technical Co-operation in- 
ytes applications for the post of Brochemnst, 
Uganda Duties To work with other members 
of the research staff mn establishing modern bio- 
chemuica] techniques for research into adaptation 
and diseases of domestic livestock m Uganda 
The programme is concerned principally with the 
study of scrum proteins in relation to unmunity 
to tropical animal diseases and the estimation of 
dmg levels m the animal body Qualifications 
Candidates must possess a first- or second-class 
honours degree in chemustry, or veterinary quali- 
fications with additional specialization m bio- 
chemistry Experience of the application of 
modern bro-chemical techniques to the study of 
animal diseases desirable but not essential 
Terms Appointments on contract for one tour 
of 21 to 27 months in the salary scale £1,266 to 
£2,448 a year Gratuity (taxable) of 25 per cent 
of emoluments on satisfactory comp'tetion of con- 
tract Initial salary according to expemence 
Government quarters usually available at a low 
rental Free passages for officer, wife and 
dependent children Education allowances 
Generous leave 

Applicants should normally be nationals of the 
United Kingdom and Great Britanm Apply to 
the Director of Recruitment, Department of 
Technical Co-operation, Eland House, Stag Place, 
Victoria, London, S W 1, stating full name and 
giving brief particulars of qualifications and ex- 
perience quoting RC 217/153/04/C1 


UNIVERSITY OF LONDON 


CHAIR OF MEDICAL MICROBIOLOGY AT 
ST MANS OT Uk MEDICAL 





The Senate mvite applications for the Charr 
of Medical Microbiology tenable at St Thomas's 
Hospital Medical School (alary in the range 
£3,645 to £4,445 a year) 

Applications (ten copies), must be received not 
later than November 20, 1963, by the Academic 
Registrar, University of London, Senate House, 
WC, from whom further particulars may be 
obtained 


October 5, 1963 








ROYAL PERTH HOSPITAL 


WESTERN AUSTRALIA 
HOSPITAL MICROBIOLOGIST 
Apphecations for the above post are invited 
‘from medical graduates with suitable experience 
in Microbiology The Hospital Depanment of 
Microbiology ıs under the control of the Director 
of Hospital and Uneversity Services mm Micro- 

biology 

The successful candidate will be required to 
assist the Director (Professor N F Staniey) in 
the administration of the routine laboratory and 
chnical services of the Hospital Department of 
Microbiology, to act mn the absence of the 
Director and to carry out special imvestigatrons 
from tune to time 


Royal Perth Hospital is the mam teaching 
hospital of the Medical School of the University 
of Western Australia The Hospital Department 
of Microbiology ts well equipped, adequately 
, staffed for the performance of ail modern micro- 
biological techmques, functions in close associa- 
tion with the University Department of Micro- 
biology in the adjacent School of Medicine and 
the Virus Research and Diagnostic Laboratory of 
the Department of Public Health 


SALARY Withm the range of £A3,800 to 
£A4,350 per annum, commencing rate according 
to qualifications and experience Salary will com- 
eneg from the date the appoimtee takes up 

uty 


CONDITIONS OF SERVICE Include annual 
leave, long service leave (three months on full 
| pay after each seven years service) and sick leave 
Study leave may be granted as a privilege for 
some special purpose approved by the Board 
Contribution to the State Superannuation Scheme 
is required, or alternatively, the Hospital would 
consider subsidizing the appomted officer’s exist- 
ing commutments under an approved scheme or 
endowment policy 


TRANSPORT EXPENSES A travel grant 
equivalent to minimum First Class sea passage 
will be provided for successful applicant and 
family (under 16 years of age), together with an 
allowance of £8200 for the cost of removal of 
personal effects, etc (excludmeg furniture and 
motor vehicie}, subject to a bond to remain m 
the Hospital’s service for a minsumum period of 
three years 


A memorandum of Information including 
further details of the Department of Microbiology 
1s available upon request 


Further information concerning Royal Perth 
Hospital and the State of Western Australia may 
be obtained from the Agent General for Western 
oe Savoy House, 115 Strand, London, 

2 


Applications in wntme should include date of 
birth, qualifications, experience, present and pre- 
vious appormntments, a list of publications, a 
recent photograph and the names and addresses 
of three referees 


CLOSING DATE November 30, 1963 


Joseph Gniffith, 
ADMINISTRATOR 


AUSTRALIAN NATIONAL 


UNIVERSITY 


SENIOR LECTURER IN PHYSICS OR 
THEORETICAL PHYSICS 


Applications are ivited for appotntment to the 
new post of Sentor Lecturer in Physics or 
Theoretical Physics in the Schoo] of General 
Studies of the University The appointee wil] be 
required to take up duty on January 1, 1964, or 
as soon thereafter as possible Apphcants should 
hold the degree of Doxtor of Phitosophy in 
„~ Physics or equivalent qualificauon Some teach- 
ing experience 18 desirable but not essential Re- 
search interests m the Departments of Physics 
and Theoretical Physics are im the fields of 
atomic collision processes, atomic diffusion in 
metals, the design and use of shock tubes, and 
theoretical physics The salary range for a senior 
lecturer ıs at present £A2,450 by £A110 to 
£A3,000 per annum Commencing salary will be 
ccordance with qualifications and experience 
at present under review 

rmation and the forms which 
an application may be ob- 
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GHANA ACADEMY OF SCIENCES 


Appheations are invited for the following 
vacancies im the Cocoa Research Institute, Tafo 

Secretary Duties Applicant to be responsible 
to the Director for the general admunistration of 
the Institute, knowledge of accounting will be 
an advantage Qualifications Applicants, who 
must be between the age of 20 to 45, showd 
hold a degree of the ACIS or the ACCS 
Salary in range £1,050 to £1,900 per annum 

Entomologist Duties Responsible for research 
work on insect pests of cocoa Qualifications 
Good honours degree or higher degree in zoo- 
logy with postgraduate experience in entomology 
Salary To be determined according to qualifica- 
tion and experience is in the range £1050 to 
£2,300 per annum (for Ghanaians) and £1,260 to 
£2,750 per annum (for expatriates) 

Spectrographer Duties To include running 
and maintenance of a spectrographic laboratory 
concerned with mineral analyses of plants and 
sols Quahficanons A good honours or higher 
degree in physics or chemistry with postgraduate 
expenence m the running and maintenance of a 
spectrographic laboratory concerned with mineral 
analyses of plants and soils Experience im 
handing and measuring radioisotopes would be 
an additional advantage Salary To be deter- 
mined according to qualifications and experience 
i im the range £1,050 to £2,300 per annum (for 
Ghanatans) and £1,260 to £2,750 per annum (for 
expatriates) 

Appomtments are on contract terms for a 
period of four tours each of 15 to 18 months’ 
duration including leave For Ghanaians appornt- 
ment will be for five years in the first mstance, 
including two months leave in each calendar year 
Staff Provident Fund Scheme facilities available. 

For further information and application forms, 
please write, stating the post m which you are 
mterested to the Director of Recruitment, Ghana 
High Commission, 248 Tottenham Court Road, 
London, W 1 


ROYAL COLLEGE OF ADVANCED 


TECHNOLOGY 
SALFORD 


DEPARTMENT OF MECHANICAL 
ENGINEERING 


RESEARCH STUDENTSHIPS 


Applications are invited for a number of Re- 
search Studentships Applicants should have a 
good degree or Diploma in Technology in Mech- 
amcal Engineering or im an apphed = science 
Applicants with ajternative qualifications of high 
standard may also be considered Each person 
appointed will jom one of the research groups m 
the Department and will carry out research for 
a higher degree or for either Membership of the 
College of Technologists (MCT) or the Fellow- 
ship of this College There are new and well- 
equipped laboratories and good workshop facili 
ues available The Studentships are renew~ 
able annually up to a maximum of three years 
and carry an annual grant of £500 to £900 The 
commencing point may be above the minimum 
Addinonal income of up to £100 per annum 
may be denved from carrying out demonstrating 
work ın the Department 

Further particulars may be obtained from the 
Secretary, Royal College of Advanced Techno» 
logy, Salford 5, Lancs, to whom applications 
should be submitted by October 31, 1963, quotung 
reference ME/55 


UNIVERSITY OF ADELAIDE 
CHAIR OF INORGANIC CHEMISTRY 


Potential applicants for the Char, for which 
applications were invited by advertisement last 
month, are notified that the 


CLOSING DATE FOR APPLICATIONS HAS 
BEEN POSTPONED 
until] October 30, 1963 


Full particulars may be obtained from the Sec- 
retary, Association of Commonwealth Unnversi- 
ties (Branch Office}, Marlborough House, Pali 
Mall, London, SW 1, or from the Registrar of 
the University 

Applications ün duplicate), should reach the 
Registrar of the University not later than Octo- 
ber 30, 1963 


UNIVERSITY OF MELBOURNE 
DEPARTMENT OF STATISTICS 


Appheations are mvited for a position of Senior 
Lecturer ın Statistics The salary range ıs 
£A2,450 to £A3 000 per annum Imta! salary 
will be determined according to qualifications and 
expenence Superannuation similar to FSS U 
in Great Britain wi! be provided 

Conditions of appointment may be obtained 
from the Secretary Association of Common- 
wealth Universities (Branch Office), Mariborough 
House, Pall Mall, London, SW 1 3 Applications 
rs wn Austraha and London on November 39, 
963 
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COMMONWEALTH 
AGRICULTURAL BUREAUX 


Apphcations are mvited for the post of Direc- 
tor, Commonwealth Mycological Institute, Kew, 
England The requirements are a wide know- 
Jedge of plant pathology (particularly of tropical 
crops) and experience in research in the subject, 
administrative ability and experience, hterary 
taste, and some knowledge of languages 
Familiarity with systematic mycology and identifi- 
cation work ıs essential, and acquaintance with 
medical and veterinary mycology and scientific 
publication processes are also desirable Salary 
scale £3,150 to £3,212 10s to £3,275, plus £60 
London werghting at each pomt, with provision 
for superannuation 

Applications should be submitted by December 
31, 1963, to the Director, Commonwealth Myco- 
logical Institute, Ferry Lane, Kew, Surrey, 
England, from whom full particulars, mcluding 
reguiations regarding provision of passages to 
overseas candidates on first appointment can be 
obtained 


MANCHESTER COLLEGE OF 
SCIENCE AND TECHNOLOGY 


(Facuity of Technology in the University of 
Manchester) 

Appheations are invited for the post of Special 
Research Assistant to work with a research team 
engaged on synthetic aromatic organic chemistry 
The research and development work involved 15 
particularly mteresting and requires practical skill 
and ability, combined with a sound working 
knowledge of orgamic chemistry It 1s not m- 
tended that the successful applicant should be 
registered as a research student Salary accord- 
mg to qualifications, in the range £880 to £1,200 

Application forms may be obtamed from the 
Registrar of the College, Sackville Street, Man- 
chester, 1, within ten days of this advertisement, 


UNIVERSITY OF THE WEST 
INDIES 


Applications are invited for (a) Lectureship or 
(b) Assistant Lectureship m Agricultural Econ- 
omics at St Augustine, Trinidad, from graduates 
with honours degree m economics and postgradu- 
ate specialization m agriculture or agricultural 
economics, or honours degree in agriculture or 
aencultural economics and postgraduate special- 
mation in agricultural economics Some know- 
ledge of tromecal and West Indian agriculture 
desirable but not essential Preference given to 
candidates with interest or expemence m pro- 
duction economics Duties include assisting in 
teaching economic principles and their application 
to agriculture to undergraduates and postgradu- 
ates Salary scales (a) £1,300 by £60 to £1.660 
by £80 to £2,100 per annum (b) £1,050 by £50 
to £1,200 per annum Child allowance £150 per 
aonum first child, £100 per annum second, £50 
per annum third FSSU Housing allowance 
of 10 per cent of salary, or, if avatiable, un- 
furnished accommodation wil be Jet by Univer- 
sity at 10 per cent of salary Up to five full 
passages on appointment, on normal termination 
and on triennial study leave 

Detailed applications (six comes), naming three 
referees, by October 28, 1963, by persons hving 
in the Americas and the Caribbean area to Regis- 
trar, University of the West Indies, Kingston, 7, 
Jamaica, and by all other persons to Secretary, 
Inter-University Council for Higher Education 
Overseas, 29 Woburn Square, London WC1l 
Further particulars may be obtained similarly 


RHODES UNIVERSITY 
GRAHAMSTOWN 


Applications are invited for the post of Lec- 
turer in Entomology from January, 1964 The 
salary scale ıs £1,170 by £60 to £1,650 per 
annum <A vacation savings bonus, according to 
Public Service Regulations, 1s also payable Pre- 
vious experience and qualifications may be taken 
into consideration in determining the comment- 
mg salary The salary scale given above is under 
review and it is hoped that it may be possible to 
introduce an wumproved scale in 1964 

Full particulars and application forms may be 
obtained from the Secretary, Association of 
Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, SW 1 
Applications close in South Africa and London 
on October 31, 1963 














SPILLERS LIMITED REQUIRE A YOUNG 
graduate, to run extensive experments on 
chicken and turkeys—the post may Suit an agri- 
culture graduate wanting to enter this fieid The 
post will be permanent and superannuated, and 
a profit sharing scheme is tn action Salary ac- 
cording to trammeg and experence —Apply to Dr 

J Head, Spillers Limited, Animal Nutrition 
Research Laboratory, Middle Aston House, Nr. 
Steeple Aston, Oxford 
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CALLING 
GRADUATES 
OVERSEAS 






Do you like the idea of working in an international and 
expanding research organization which provides a real 
challenge in a wide range of fields ? Unilever Research in 
the United Kingdom has vacancies in its four Research 
Departments for physical and organic chemists, physicists 
and biochemusts. If this appeals to you, come and meet 
the Staff Officer of the UK laboratories who will be 
visiting the U S.A and Canada in November of this year 


Please write for an appointment or 
for further information to: 
Dr. A. CROSSLEY, 


Unilever House, Blackfriars, 
London, E.€.4, England. 


Ref No. UR.100 








Mi UNILEVER RESEARCH 








“ Applications are invited for Rothmans Fellow- 


\ npn 


October 5, 1963 ;;. 


be 
(SECOND ADVERTISEMENT) 
MANCHESTER EDUCATION 
COMMITTEE 3 
JOHN DALTON COLLEGE OF ! 
TECHNOLOGY 4 


METALLURGY DEPARTMENT—~COLLEGE 
OF SCIENCE AND TECHNOLOGY 

Applications are invited for the post of Grade 
IV Head of Department of Metallurgy m the 
John Dalton College of Technology This De- 
partment already exists and 18 at present housed 
m the Department of Metallurgy of The Ma^- 
chester College of Science and Technology, a! 
offers a Sandwich Course m Metallurgy leaa: 
to the Higher National Diploma and to !*. 
Licentiateship and Associateship of the Insti.a- 
tion of Metallurgists, there is also in operation 
a day-release course for the Higher National Cer- 
tificate 11 Metallurgy These courses are expected 
to develop when the department moves into the 
new John Dalton College of Technology in 
September, 1964 Salary in accordance with the 
Burnham Further Education Report, 1961, as 
amended, viz £2,365 to £2,560 

Forms of application, etc (sae), from the 
Chef Education Officer, PO Box 480, Deans-- 
gate, Manchester 3, returnable by October 14, ,! 
1963 Please quote reference number FE/1 es 









Previous applications will be considered red X t 
(SECOND ADVERTISEMENT) ayr A 
UNIVERSITY OF EDINBURGH 
DEPARTMENT OF ZOOLOGY ‘4 


Research Assistant, with experience in Embryo- s 
logy and/or Biophysics, 1s required by the De- 
partment of Zoology for work on the effect of ©- 
drugs on the uptake and distnbution of water in 
the developing embryo The appointment will be 
for three years in the first instance Salary 7 
within the range of £1,000 to £1,150 per annum, ii 
pus FSSU 

Applications (three copies), with curnculum 7 
yitae and the names of two referees, should pe ` 
sent to Dr P H Tuft, Department of Zoology, , | 
University of Edinburgh, West Mains Road, agm 
Edinburgh, not later than October 31, 1963 3 

CHARLES H STEWART, ’ 
Secretary to the University wi 
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ROTHMANS FELLOWSHIPS Ea 
















































shins ‘which are awarded under the Rothmans t 
University Endowment Fund set up by Rothmans 
of Pall Mali (Australa) Limited to enable ~ 
Fellows to undertake postgraduate work within a 
university or approved institution The Fellow- 
ships will be awarded at two levels The Senior 
Fellowship ıs of an annual value of not more 
than £A4,000 The Junior Fellowship is m two 
grades, the first of an annual value of from 
£A1,000 to £A1,250, the second of an annual 
value of not more than £A2,300 <A Fellow may 
be paid travelling expenses mcurred m taking up 
the Fellowship and returning to his home In 
addition, an amount of £A500 per annum to- 
wards fees and expenses including the purchase 
and maintenance of equipment may be paid to 
the University or institution where the Fellow is 
working Preference in the award of the Fellow- 
ships wil be given to those applicants who wish i 
to work in an Australan university or institution 
and only im exceptional circumstances wil an 
award be made in respect of work to be done 
elsewhere Applicants must have had at least 
one year’s postgraduate research experience 
Application forms and further details may be 
obtained from the Secretary, Association of Com- 
monwealth Universities (Branch Office), Marl- 
borough House, Pall Mall, London, SWi Ap- 
plications close on November 30, 1963, with H 
McCredie, Secretary, Rothmans University En- 
dowirent Fund 


UNIVERSITY OF OTAGO 
DUNEDIN, NEW ZEALAND 
LECTURESHIPS OR SENIOR 

LECTURESHIPS IN PSYCHOLOGY 

Applications are invited for two posts in the 
newly established Department of Psychology It 
Is hoped to make the appointments at the Lec- 
turer level, but an appomtment at Senrogem 
turer level would be considered Ta 
applicants will be expected ang 
develop their own research, è 
which will be avaiable she 
pointments will be in the 
mental psychology, and t 
im this field in the field 
and personality, or in 
and physiological psyc! 
turer, £1,250 to £1,7 


Secretary, Associati 
sites (Branch Offi 
Mall, London, S” 
the University 
Zealand and Lom 
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Portrait of fa man with 1 with fifty ly problems a off his mind! 


He's off for the night with the Tritomat at work. By the morning 50 
samples will be counted, 50 problems solved . automatically with 

the results tabulated and not an assistant needed The TRITOMAT 

. -prings automation to Radio-Chemistrv and Biology, reducing 
man-hours to minutes. Measures low energy beta emitting 


j 
| isotopes, for example - Tritium and Carbon 14 - in liquid samples 
| 


Aston tiv Tite Se nadati ‘oao onr 


or E h yk S 


The IDL TR™OMAY 
changes u 


igyad corp e ni 
tp 4 
vy on Wildteg vit eo. th acm” 


ty Caer ames oot 2 ee Poe Perf u HES f 


a | eae {x S 
and Single er Doub'e cab I Gi és atia t 12°, effici 


i 
) 
| nackaround zů, <i 
| 


IDL TRITOMAT 


AUTOMATIC LIQUID- 
SAMPLE CHANGING 


TRITIUM 
SCINTILLATION 
COUNTER 





at tit rec dea craap | Spee sing p dE mit aly 
aispeses Phat u Surtees} afp eran " 
g For full particulars of the Tritomat and other IDL Nucteonic instruments wrie or phone 
a 
A ISOTOPE DEVELOPMENTS LTD., BATH ROAD, BEENHAM, READING, BERKS. 
y, Telephone Woolhampton 2121-5 EN member of lhe Elot A tomatic: Group 
I 





` xiv NATURE October 5, 1963 





= 


HERES SOMETER AGW IN OVENS 


‘ue Go — has these advantages ih HOTBOX 





allenkam 













Direct temperature 


Totall enclosed 
y calibration 


elements 










3 ft, by 3 ft. shelf 


Takes I& in. (46 
area 


cm) pipette boxes 





i pn ue 
ee aa » 1 $h * Wier fi 


vee ‘SCORES ‘HEAVILY. 1 Mite. 
AT ALL POINTS TO; GIVE ALL. ROUND VALUE 
AT THE:ATTRACTIVE ‘PRICE OF 


£28.15.0 


@ Maximum temperature 200° C 
@ Temperature fluctuation less than 1° C above 50° C., 
@ Polished interior. 


@ Recommended for drying and sterilizing. a 

H W D H wW D e ae 
Dimensions, internal I3 x 19 x [31m (33 x 48 x 33 em) i 
Dimensions, external 22 x 23 x 19 ın (56 x 59 x 48 em) 


Ask for deta:ls 
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Gallenkamp | Supply the worlds laborais alone 
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Technico House, Christopher Street, London, EC2 Tel BiShopsgate 32I| 


WIDNES STOCKTON-ON-TEES 
Victoria House, Widnes, Lancs Tel Widnes 2040 Portrack Lane, Stockton Tel Stockton 6344] 
Poata in Great Britain by FISHER, KNIGHT & Co, Lro , The Gainsborough Press, St Albans, and published by MACMILLAN & Co , LIMITED, at 


t Martin’s Street, London, W C 2, and S Sr Martin's Press, Inc , 175 Fifth Avenue, New York 10, N Y , U S A —Saturday, October 5, 1963 
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) achievement. 


Technical genius, organised ideas and practical 

experience have been combined to make the 
? TECAMIR) Micro-tensile Testing Machine the 
only instrument in the world capable of measur- 
ing forces of between | milligram and 400 
grams and extensions from a few Angstroms 
to [5 millimetres without drift 
With a repeatability better than !0-¢ mill- 
metresand without bolting it to virgin rock this 
beautiful instrument brings new possibilities 
into “whisker” work Write or phone for 
full details 


veces (Cambridge) Limited, Duxford, Cambridge, England. Dial Sawston 2246; also 





Techne/Princeton) Limited, 661, Brunswick Pike, Princeton, N.J., U.S.A. Dial area code 609, 921-2817 


Soon 


~ 
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ICN MIMICS EFFECTS OF THYROXINE ON 
ISOLATED LIVER MITOCHONDRIA 


Cyanogen lodide (ICN) has been found to mimic in 
mast respects Thyroxines effects on isolated iver 
mutochondra (1) It is stable in water and serves as 
a donor of bẹ 


ICN behaves Itke Thyroxine in these respects 


1 A quantity as small as 106M produces substantial 
water uptake and swelling tn rat liver mitochondria As 
with Thyroxine, ICN produced swelling is inhibitec by 
serum albumin and strong sucrose (0 75M) 


2 Antimycin A, Amytal and Cyanide also inhibit ICN 
produced swelling Thyroxine has been reported to dis 
play similar properties (2 3) 


3 EDTA is effective against ICN produced swelling It 
is also effective against thyroxine (4) 


4 ATP causes rapid shrinking of ICN swollen mito 
chondria It behaves exactly the same with Thyroxine 
caused swelling (5) 


25 gram bottle, $150 gm 5 gram bottle $190 gm 
1 gram bottle, $2 25 gm 


0532 E Reil 3 Roche R Miche! O Michel S Varoane Biochem 
Biophys Acta 62 622 11962} @) A L Lekninger B L Ray 
M Schneider J Biophys Biochem Cytol § 97 (1989) GIA L 
ithninger B. L Ray Biochem Biophys Acta 26 643 {1957} 
#4} F Tepiey 3 Mol Chem 222 325 (1956) (PJA. L Lehmnger, 
ibed 234 2387 (19593 
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SPEEDIVAC’ 


Vacuum Dial Gauges 
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UNIQUE HYPOGLYCEMIC AGENT FOUND 
FOUR TIMES AS POTENT AS TOLBUTAMIDE 


4 Dimethy! Amino N Methyl 2, 2 Oiphenyl! Valeramide 
HCt was recently reported to be four tires as potent 
as to'butamide tn lowering blood sugars 


It appears to act through a different mechanism than 
hypoglycemic agents which increase the oxidation of 
glucose 


Dulin et al conclude that 4 D M DV appears to act by 

inhibiting liver glucose output -not by glucase oxidation 

or inhibition of metakolic effect of adrenal hormones (1) 

10 gram bottle $450 gm 5 gram battle, $4 90 gm 
1 gram bottle $5 50 gm 


0) W E. Duln F L Schmidt M © Blanks G H Luna Proc Soe. 
Expt! Biol Med 199 729 (1962) 


All chemicals described are for chem cat and investigational usa 
only They are no offered for chn cal or grug use The literature 
reference should not be interpreted as either an endorsement or 
disapp oval of the biochemical by the cited myestigator 


SEND FOR OUR LATEST CATALOG 
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For the accurate measurement of 
total vacua above 1 torr 
Unaffected by barometric or 
temperature changes 


«Speedivac” products and service are available internationally 


PHONE COLLECT 216-662-0212 


NUTRITIONAL BIOCHEMICALS CORP 


GUARANTEES SHIPMENT ON 
ANY OF OUR MORE THAN 

3,000 RESEARCH BIOCHEMICALS 
WITHIN 60 MINUTES OF 

YOUR CALL ONE DAY DELIVERY 


ANYWHERE IN CONTINENTAL U &:* ex 


w ` 
[S22 mm om eo o 2 ee ee eo G oe ot O N A; 
t 


SECOND CLASS POSTAGE PAID AT NEW YORK POST OFFICE, N Y 


10 


NUTRITIONAL 
BIOCHEMICALS 
CORPORATION 


21010 Miles Avenue « Cleveland 28, Ohio 


Send for free Sept 1963 catalog containing 
more than 3000 items Fill out coupon and 
mat‘ today for your copy 


NAME 


i 
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WITH THE NEW UNICAM 





The new Unicam Autocell Accessory dispenses 
with the time-consuming and tedious repetition 
involved in filling, emptying and cleaning cells 
Risks of contamination and breakage are reduced 
to a minimum and the Autccell provides further 
advantages in improved accuracy and greatly 
increased speed. Designed and engineered for 
maximum convenience and performance, the 
SP 1300 Autocell Colorimeter has a corrosion- 


4 Determination of urea tn blood 


Clinical Methods ee 


Delivered with every SP 1300 is | 2 
an indexed manual containing 
operating instructions and a set 
of 16 Clinical Method Sheets | 4 
giving instructions for the com- 

pletion of the most commonly | 5 
occurring colorimetric deter- [| 
minations for pathologists, bio- 
chemists and medical labora- 
tories generally. Other series 
are shortly to be prepared. 


U 


blood 


serum or plasma 


and urine 





plasma 





aie wt 8, 


NICAM. 


Determination of unc acid in blood 

3 Determination of glucose in blood 
Determination of haemoglobin in 
Determination of bilirubin in plasma 
Determination of total cholesterol in 
Determination of creatinine tn plasma 


Determination of total protein tn 


UTOCELL COLORIMETER 


resistant stainless steel sample compartment 
which can be dismantled in seconds for easy 
cleaning. The instant-selection filter disc ts 
also easily removed for cleaning or for the inter- 
change of filters. A high-sensitivity galvanometer 
together with a long scale produces a high order 
of accuracy. Write for further details of this 
outstanding instrument or for a sample method 
sheet. 
“9 Determination of organic phosphates in 
plasma and whole blood 


10 Determination of alkaline phosphatase in 
serum or plasma 


11 Determination of acid phosphatase in serum 
or plasma 











12 Determination of amylase in plasma 









Determination of salicylates in plasma, 


serum, C SF, urtne, etc 


14 Determination of glutamic-oxalo-acetic and 
glutamic-pyruvic transaminases in serum 


15 Determination of urea and ammonia in 
urme 


16 Determination of 17-ketosteroids and 17- 
hydroxycorticosteroids in urme 























UNICAM INSTRUMENTS LIMITED 
YORK STREET 
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Galactic Background Polarization at 610 Mc/s-—C A. 
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A MODEL FOR TECHNICAL ASSISTANCE 


R J G HARRAR’S review, as president of the 
Rockefeller Foundation, m the annual report of the 

Foundation, 1962*, 1s of special imterest both for its 
survey of the philosophy that has guided the Foundation 
durmg the fifty years of activity which were completed im 
the spring of 1963 and 1ts attempt to assess the function 
of the Foundation m the years ahead This survey of 
its actavities during the past half-century directs attention 
to the Foundation’s efforts m advancing human know- 
ledge and its application year by year to those ills and 
problems which lmut the freedom and satisfactions of 
mankmd Mr Harrar shows clearly how the Foundation’s 
early efforts to deal with problems of public health on an 
international scale led first to programmes for developing 
schools of public health, to trammg a growimg body of 
physicians, nurses and technicians to practise m ths 
field, and then to a more general entry mto the field of 
medical education 

Even at this stage of his retrospect, 1t 1s apparent that 
the Rockefeller Foundation has set a pattern on which, a 
generation or more later, the soundest efforts ın the field 
of technical assistance have been modelled This 1s no 
less true of ıts work in other fields, such as the national 
sciences or the social sciences, both of which the Founda- 
tion created Divisions m 1928 In this context the pro- 
gramme for the agricultural sciences which arose m 1943 
out of the Foundation’s mcreasmg concern with human 
nutrition and food production gains special mterest The 
story of the correction m the past twenty years of the 
deficient position of Mexico with respect to 1ts basic foods 
is not only fascmatmg im itself, but also of profound sig- 
nificance m relation to the problem of feedmg the world’s 
expandme population to-day It corroborates all that 
Prof. Martin Jones said at Aberdeen on August 30, ın 
his address to Section M (Agriculture) of the British 
Association, on the need to help and educate the peoples 
im every country to develop their own resources for the 
production of their basic needs for food 

In 1929 the Rockefeller Foundation also established a 
Division of Humanities, the programme for which m- 
cluded the study of history as mmportant for background 
and perspective in contemporary thunkmg and m mter- 
preting change and continuities m the world to-day it 
was one of the first to mtroduce reforms m serving the 
needs of lhbrary development From all these activities 
the Foundation has drawn a rich body of experience as a 
basis for judgments on the hnes of future pohey Much 
of this experience 18 highly significant for others who are 
concerned with technical co-operation m the developing 
nations, and it 1s notable that the careful and mtensive 
examination of this experience by the Foundation which 
has marked the year 1962 has led the Foundation to 
deade to place ıncreasıng emphasis on the ecological 
approach to human problems 

This, m Mr Harrar’s judgment, ıs the fundamental 
decision taken durmg the year, and ıb 1s m lne with a 
marked emphasis on the same ecological approach which 
characterized discussions at the recent meeting of the 
British Association at Aberdeen The note was struck by 
Sir Ere Ashby in respect of higher education m his 


* The Rockefeller Foundation Presdent’s Review, 1962 Pp v+87 
(New York The Rockefeller Foundation, 1962) See also p 121 oft this 
issue of Nature 


presidential address It was implicit m that on land use 
im the Scottush uplands m jomb sessions between the 
Sections for Agniculture, Geography, Botany and Forestry, 
as well as in others arranged by Section N (Sociology) and. 
on planning jomtly between Section F (Economics) and 
Section X (General) Moreover, m Section D (Zoology), 
Dr F Fraser Darling’s presidential address on the umity 
of ecology was followed by a jomt discussion of the 
subject with Section K (Botany) 

The concept that a given society, whatever its stage of 
development, stands in intimate relation with all aspects 
of its environment and that a change in one necessarily 
affects the others now commands wide acceptance outside 
the pohtical world Even there the Beeching proposals 
and the reaction to them have forced the politician to 
recognize the value of an ecological approach, which can 
sometimes assist advance sumultaneously on several fronts 
and avoid some of the mternal torques and tensions 
iduced by rapid development m one sector and slow 
advance in others Without such an approach, there may 
be little hope of meeting successfully the rmmeasurably 
greater challenges of to-day and the future While it 
could scarcely be said that mn discussing British national 
parks m his presidential address to Section E (Geography) 
at the Aberdeen meetmg, Prof H C Darby was con- 
cerned with ecology, the experience with national parks 
m Brita 1s, m fact, as emphatic a demonstration of the 
need, for an ecological approach to some problems as ıs 
the experience and functioning of the Nature reserves 
themselves 

The process of consolidation which the Rockefeller 
Foundation began m 1962 does not substantially change 
its pattern of operation, though it brings together ın a 
more precisely focused effort actrvities which were hitherto 
separate Nor does ıt affect the abiding conclusion, drawn 
from the Foundation’s experience and which Mr Harrar 
reiterates mm this review, that the best mvestment a 
private philanthropy can make ıs ın the development of 
the talented and promismg individual withm an area of 
opportumty Essentially all the progress m which the 
Foundation can clarm to have had some role has derived 
from the energy, ability and dedication of those who have 
been assisted through contributions to ther traming o1 
professional activity Now through this policy there has 
been created throughout much of the world a corps of 
competent individuals who can begin to take mereasing 
responsibility for building up local projects and imstitu- 
tions 

Mr Harrar does not suggest that help from the Rocke- 
feller Foundation has been other than modest im pro- 
portion to the total needed, but the objective in each 
instance has been to provide support at critical moments 
and in such a manner as to assume maximum leverage 
towards progress Hope for the future, he beleves 
depends on success m achieving educational and pro- 
fessional opportunities for an ever-increasmg number of 
men and women with the mtellectual capacity and 
motivation to contribute to social progress To this end 
the Foundation expects to continue its programme of 
fellowships, scholarships and study awards, to assist the 
intellectual development and learnmg of madividuals, 
under which more than 16,000 scientists and scholars 
have already benefited At the same time, the pattern of 
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tho traming awards will be mtegrated with other types 
of work m an over-all ecological approach 

To-day Mr Harrar believes the tramimg process has 
been carried to a pomt at which 1t 18 readily possible to 
identify opportunities for concentration A balf- 
century of effort m many areas by the Foundation 
and other agencies has now traimed individuals over a 
wide spectrum of needed skulls to staff national mstitutions 
and programmes As emerging mdigenous imstitutions 
accept mcreasing responsibility for trammg their nationals, 
outside aid can be concentrated on selected institutions 
rather than on mdividuals, to help build them into 
positions of excellence and permanence m which they can 
satisfy ever larger proportions of the national educational 
neods and arms Ultimately, some of these mstitutions 
can be expected to extend their influence beyond national 
boundaries to become regional centres 

Mr Harrar does not discuss the political presuppositions 
of stabihty and order implicit m such a policy, but, m the 
climate of to-day, this policy is clearly wise In accordance 
with it, the Foundation decided m 1962 to centre its 
concern for mstitutional development primarily on 
selected universities ın the less-developed countries By 
thus narrowing its objectives and utilizing an ecological 
approach for its attamment, the Rockefeller Foundation 
believes ıt can promote a better relation between the 
universities and their environments In many less- 
developed countries there 1s, for example, a serious lack 
of balance between the ability of the mstitutions to serve 
society and the demands made on them to produce the 
tramed and competent specialists required m ahostof fields. 

This lack of balance may be due to various causes 
Sometimes ıt 1s simply one of sıze the universities have 
neither the student capacity nor the staff to handle the 
traming of the necessary personnel Elsewhere ıt may be 
due to the tardmess of the universities, often among the 
most conservative mstitutions im the social structure, to 
adapt the courses they offer to the manifold kinds of 
skills and competence demanded by complex societies 
Yet again, relatively sudden mfluxes of large numbers of 
students have so diluted the authority of the university 
and academic quality that the very purpose and function 
of the university have been weakened 

The Rockefeller Foundation fully recognizes that these 
different situations require handing m different ways, 
nor does it contemplate any attempt to transplant the 
American system Quite apart from the creasing extent 
to which the Governments of the developmg countmes_ 
now recognize the importance of bringing their university 
systems mto consonance with present-day requirements, 
the form which any satisfactory system takes must 
develop from within the universities themselves and from 
the societies which support them What the Rockefeller 
Foundation seeks to do 1s rather to assist those centres of 
hıgher education which are already emerging as models 
which others can emulate, and, by thus bwidmg on 
established pomts of strength, help to raise the level and 
tone of the institution as a whole 

This new policy 1s as firmly ın hne with the basic 
objectives of the Foundation as the philosophy behind 16 
is in harmony with that which inspired the concentration 
on imvestment m the development of the talented and 
promusing individual All nations need the strength which 
comes from stable mstitutions of higher learnmg to serve 
the intellectual and other needs of the population, and 
where such mstitutions do not provide a growing body of 
alumni contributmg uniquely to national economic and 
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social stability, democratic institutions are unlikely to 
function Further, without m any way repudiatmg the 
principle of the mternational mterchange of scientists and 
scholars, which 1s always rewardimg, the Foundation 1s 
now dedicated to the prmeiple that a gradual, steady shift 
to education at home ıs the solution towards which the 
developmg countries should progress 

Besides this establishment of a lmuted partnership 
with several universities aimed at overall development of 
the university pattern and process, the Rockefeller 
Foundation had, even earlier than 1962, fostered the 
establishment of an mternational research institute 
working to merease production of a vitally needed food 
in a highly mportant part of the world The International 
Rice Research Institute ıs part of this programme of 
institutional development and 1s expected also to con- 
tribute to the development of a university and ultimately 
to become part of it Support for this programme will be 
given both directly through the remforcement of faculty, 
provision of equipment and hbrary materials and, m- 
directly, through trammg awards for yumor faculty and 
the support of visiting specialists In so far as it is 
able, the Foundation will seek to promote a balanced 
university development, aiding the whole university and 
not selected departments or schools separately 

It 1s obvious that the re-orientation of the work of the 
Rockefeller Foundation 1s of profound significance for 
those concerned, with technical assistance generally, and 
this latest report is one that will doubtless be closely 
studied by the Secretary for Technical Co-operation, Mr 
Robert Carr Moreover, not only does the experience of 
the Foundation bear closely on the problems that Britain 
is now encountering m expanding her educational assist- 
ance overseas but also 1t 1s relevant in the field of research 
It should not be overlooked that this record of half-a- 
century’s effort deals with the closure of projects and 
transfer of staff to new areas. It is not simply a record 
of new ventures, and Mr Carr might well ponder 
the mplications of this record for Britain’s own overseas 
research effort for which his Department 1s now respon- 
sible, though so far silent 

What stands out above all from this record 1s the 
magination and msight with which the private mstitution 
has used its opportunities and the high sense of respon- 
sibihty with which it has formulated and executed its pro- 
grammes While a private foundation cannot command 
the resources which are at the disposal of a Government, 
1t 1s sometimes free from the mutations which are mevit- 
able m Government effort and especially m deahng with 
other countries Whatever the difference in the extent 
of resources and in the manner in which programmes are 
executed, the objectives of Government policy and of 
Foundation policy can well be identical The improve- 
ment of the communication of knowledge and 1ts applica- 
tion, the infusmg of cultural and moral values much more 
pervasively through the mtricate fabric of contemporary 
society, the encouragement of creatrve activity, whether 
by assisting the talented and promismg mdividual, or by 
helpmg the development of new patterns and institutions 
which will sustam such work—these are no monopoly of 
the Rockefeller Foundation or any other private mstitu- 
tion The latest review by the president of the Foundation 
is especially a challenge to Britam to match the new 
opportunities which confront her m this changmg world 
with vision and resource and generosity not mferior to 
those which m former generations were brought to the 
service of Empire and Commonwealth 
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CHEMISTRY AND THE DEVELOPMENT 
OF MEDICINE 


Chemistry in the Service of Medicine 
Edited by F N L. Poynter Pp 207 (London Pit- 
man Medical Publishing Co , Ltd , 1963) 25s. 


TES book, Chemstry wun the Service of Medieme, 
consists of twelve papers, which were read at the 
second British Congress on the History of Medicme and 
Pharmacy, organized by the Faculty of the History of 
Medicine and Pharmacy of the Worshipful Society of 
Apothecanes, and held in London durmg September 
1961 These papers are authoritative historical reviews and 
complement each other, hence a clear picture is thereby 
obtained of a rapidly developing situation in which both 
chemistry and medicine stimulate each other and profit 
by each other’s advances Many of the distinguished 
contributors have made significant advances m their 
respective fields, such now bemg the subject of historical 
review It ıs amply demonstrated in this publication 
that history is not simply a record of things of the past 
but mtimately connected with the present which ıt helps 
to shape 

The objectives of the Congress are carefully explamed 
by Dr W § C Copeman, chairman of the Faculty, in a 
short preface The introduction is by Sir Alexander (now 
Lord) Todd, who traces the growth of the relationship 
of science, in particular chemistry, m the development of 
medicine He points out that medicme did not really 
begin to develop to any great extent until there had been 
a rapid expansion in our knowledge of the basic sciences 
He speculates as to the future developments m the inter- 
relationships of medicine and the basic sciences 

The first paper, by Dr A G Debus, 1s entitled ‘‘Para- 
celsian Doctrine m English Medicine”, and the second, 
by Dr F W Gibbs, “Boerhaave and the Place of Chemus- 
try ın Medicine’. Both these papers deal with the early 
history of medicme The third paper, by Prof D McKie, is 
entitled ‘‘Chemuistry ın the Service of Medicme 1660-1800” 
In this, the growth of chemistry during the period is 
described It ıs shown that durmg this period chemistry 
invaded the territory of physiology and entered the service 
of medicine but as an independent subject The fourth 
paper is by Prof F G Young and ıs entitled “The Rise of 
Biochemistry between 1800 and 1900” The development 
of biochemistry during this period is described, but 1t 1s 
pointed out that although there were many distinguished 
British chemists, they took httle or no interest ın the 
apphcation of their chemical knowledge to the solution 
of biological problems, which was in markede ontrast to 
many of thew illustrious Continental colleagues This 
state of affairs 1s discussed m relation to the educational 
system then existing in Britain Reference ıs also made to 
the lack of encouragement given to the late Sir Frederick 
Gowland Hopkins when he expressed his mtention to 
apply chemistry to the study of biological processes 

The fifth paper, by Prof W D M Paton, 1s entitled 
“The Early Days of Pharmacology” The distinction 
between materza medica, therapeutics and pharmacology 
is explained and the development of the subject from the 
beginning of the nimeteenth century 1s reviewed, but 
Prof Paton estimates that the subject has shown its 
greatest degree of expansion durmg and following the 
period 1930-40 The inter-relationships existing be- 
tween chemistry and pharmacology with regard to their 
1espective advances are discussed In the sixth paper, 
Dr W D Foster traces the development of chemical 
pathology from its begmnings in the seventeenth century 
until its establishment as an essential part of modern 
medicme about the year 1925 Dr Foster quotes an 
authority, who, in 1924, stated that the use of chemical 
pathology m clinical medieme was limited to the investiga- 
tion of glycosuria, renal disease and disturbances associa- 
ted with acid-base balance The seventh paper is by Sir 
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Charles Dodds and 1s entitled “Chemistry and Endoecrin- 
ology” The historical development of endocrmology in 
relation to chemistry ıs desembed Considering the 
multitude of chemical compounds produced by such an 
organ as the adrenal gland, Suv Charles Dodds suggests 
that chemistry owes a considerable debt to medicine and 
in particular to endocrinology The eighth paper. 
entitled “The Contribution of Chemistry to Cancer 
Research”, 1s by Prof A Haddow Prof Haddow con- 
siders that the main contribution of chemistry to cancer 
research is along fundamentallines Chemical constitution 
and carcmogenesis are discussed. 

The ninth paper is by Dr T F Macrae and 1s entitled 
“Chemistry and Nutrition” The development of our 
knowledge concerning the availabilty of food, food 
additives, vitamims, proteins, carbohydrates and fats is 
discussed The tenth paper is entitled “Chemistry and 
Genetics” and is by Prof D G Catcheside, who discusses 
the development of the subject Prof Catcheside points 
out that the history of the advances in the chemistry of 
genetics has been largely influenced by the rapprochement 
between genetics and biochemistry Recent advances 
owe much to the newer techniques of chromatography, 
electrophoresis and the use of isotopes The eleventh 
paper, entitled “From Antiseptics to Antibiotics’, 1s by 
Dr W A R Thomson, who concludes his paper by 
suggesting that a careful co-ordination of the two comple- 
mentary methods of attack on mucro-organisms—anti- 
biotics and 1mmuno-therapy—is necessary The twelfth 
and final paper 1s entitled “Origin and Ruse of Synthetic 
Drugs” and is by Dr F L Rose Drugs used in the 
treatment of malaria and sleeping sickness and the 
sulphonamide drugs are some of the subjects discussed 
Reference 18 also made to the use of organic substances 
capable of producing a colorimetric reaction in the study 
of the fine detail of cell structure 

Most of the papers are followed by a lst of references of 
great historical significance S L Tompserr 


HIGH-ENERGY PHYSICS 


Proceedings of the 1962 International Conference on 
High-Energy Physics 

At CERN, Geneva, 4th-llth July 1962 Edited by J 

Prentk: (Sponsored by the International Union of Pure 

and Applied Physics) Pp xxiv+950+2 plates (Geneva 

CERN—European Organization for Nuclear Research 

1962) 60 Swiss francs 


HE first seven pioneermg conferences on “High- 

energy Physics” were held annually during 1951-57 
at the University of Rochester Simce 1958, however, 
the conferences have been sponsored by the Commussion 
on High-energy Physics of the International Union of 
Pure and Apphed Physics and the successive annual 
conferences have been held at CERN, Kiev and Rochester 
The conferences are now to be held biennially, and the 
1962 conference was held durmg July 4-11 at CERN. The 
Proceedings have now been published and consist of a 
large volume of 950 pages, recording the substance of 
208 papers presented to the conference together with the 
discussions on them, which were organized in twenty paral- 
lel, one special and thirteen plenary sessions There are 
810 illustrations and drawings, mcludmg two colour 
plates The papers recorded represent only a selection of 
the total number presented to the conference, and m order 
to speed up the process of publication the editing and 
checking were reduced toa mmiımum It ıs with consider- 
able pride that the Scientific Information Service of 
CERN, which was responsible for the publication, was 
able to announce the pubheation of the Proceedings m 
record time on October 25, just fifteen weeks after the 
conclusion of the conference 
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The Proceedings follow the general plan of the confer- 
ence, which was divided effectively mto two parts. The 
first three days, July 4-6, were for the specialists and 
consisted of parallel sessions devoted, to pion and nucleon 
physics, strange particle physics, cosmic-ray and high- 
energy physics, and the theory of elementary particles 
Following the week-end, which was free of scheduled 
lectures, there were three days of plenary sessions at 
which the results of the previous sessions were mtended 
to be summarized and put mto perspective for the con- 
ference as a whole by ‘rapporteurs’, one for each subject 
division Naturally, with so much mnformation reported 
and discussed, the ‘rapporteurs’ had no easy task and 
ther lectures to the plenary sessions as given m the 
Proceedings show that many quite openly admutted their 
iabihty to summarize or survey the work presented at 
the conference They dealt generally with one or other 
aspects of the particular topic assigned to them Never- 
theless, with the whole of the Proceedings available to 
the reader there should be no difficulty m finding out the 
progress reported m any special field 

Prof V E Weisskopf, director-general of CERN, 
gave the concluding address and in his bref remarks 
surveyed in a masterly and clear fashion the progress 
achieved both experimentally and theoretically m high- 
energy physics during the years between 1960 and 1962 
Many new facts had emerged Results obtained from 
scattermg experiments of nucleons by nucleons or pions 
by nucleons show that the nucleon at very high energies 
gets more diffuse and larger so far as scattermg with 
strongly mteracting particles ıs concerned It mumphes 
the absence of a core The various groups of isobars, 
in particular the baryons and their excited states now 
seem to fit m well with the simple quantum numbers, 
but ıt 1s still unknown what this means There are mdica- 
tions, too, that the lst of the excited states is limited, 
unhke the exerted states of the hydrogen atom The 
discovery of the existence of two neutrinos has opened up 
a new field of research, neutrmo physics, and a special 
session of the conference was devoted to the neutrino 
experiment, which was described by M Schwartz Mem- 
bers of Columbia University, New York, and of the Brook- 
haven National Laboratory, conducted the experiment 
m which ıt demonstrated that the neutrons enntted 
m m- decay differs from that emitted m nuclear 8 
decay The mcreasimg amount of evidence that the 
muon 18 equal to the electron m all ıts properties except 
that of mass, and other details about weak mteractions, 
such as whether the AQ = AS rule holds, or whether the 
isotopic spm changes by more than 4, leave, however, 
weak mteraction theory still much where ıt was m 1960, 
in spite of more than 300 papers on the subject durmg 
the two years between the conferences Thuis 1s the con- 
clusion arrived at by L B Okun of the Institute of 
Theoretical and Experimental Physics, Moscow, who 
acted as ‘rapporteur’ for the sessions on weak interactions 
(theoretical) His report is followed by a bibhography 
for the period January 1961~May 1962 m which are bsted 
some 320 papers. 

Prof Weisskopf concludes with the remark that we 
do not understand the meaning of what we observe 
“We are trymg, not without success, to introduce analogies 
and ways of speaking It could be that all we have found 
follows from field theory The theoretical situation 1s 
problematical but full of mterestmg ideas The exper- 
mental situation 1s very much better than anyone would 
have guessed two years ago The world within the nucleon 
is much mecher and much more mterestmg than we ever 
expected ” 

The Proceedings lists 357 scientists m addition to those 
from CERN as having attended the conference and 
altogether some 760 people participated m the conference 
either as authors of papers or in the discussions At 
the first conference m 1951 there were only about 50 
participants It is difficult to forecast what will be the 
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number at the next conference m 1964 at the Jomt 
Institute for Nuclear Research, in Dubno, and whether 
the progress to be 1eported will be sigmficant and worthy 
of the very large effort now devoted to high-energy 
physics. The next Proceedings will doubtless have to be 
published m two volumes S WEINTROUB 
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TRANSISTOR COMPENDIUM 


Der Transistor 

Physikalische und technische Grundlagen Von Di H 
Salow, Prof Dr H Benekmg, Dr H Kromer und Dr W 
v Munch (Techmsche Physik m Emzeldarstellungen, 
Band 15) Pp vm+426 (Berlin, Gottmgen, Hedel- 
berg Springer-Verlag, Munchen J F Bergmann, 
1963) Dm 82 


HIS book ıs m effect a collection of four monographs, 

each of which was written by one of the authors, as 
follows (1) ‘Physical Background of Transisto1s” 
(Kromer, pp. 73); (2) “Technological Background of 
Transistors” (Salow, pp 187), (3) “General Circuit Theory 
of Transistors’ (Benekmg, pp 139); (4) “Physical and 
Technical Properties of Transistors’? (von Munch, pp 
64) 

Part | starts immediately with the electron energy band 
model, then passes rapidly through carrier statistics and 
current transport phenomena to the theory of the plane 
p-n junction diode and p-n-p transistor In both cases, 
as 1s to be expected, the autho: deals with both the 
‘diffusion’ and ‘drift’ type of device, although the treat- 
ment 1s necessarily condensed Finally, some of the ways 
in which the behaviour of practical transistors depart 
from the simple low-myjection-level, one-dimensional 
theory are discussed 

In the second part, there is a relatively detauled account 
of the methods of growing cystals of germanium and silicon 
and of the various etchants which are used for surface 
treatment there are some beautiful photographs of 
etch pits This is followed by an account of the various 
processes by which transistors of different geometrical 
construction and impunity profile are made, the reasons 
for the different geometries bemg given It 1s arguable, 
however, whether or not too much emphasis has been 
given to this part Although a considerable amount of» 
detail has been presented, ıt ıs obviously not enough to 
enable an uninitiated reader either to grow a crystal or to 
make a device, ıt would therefore seem better to err 
on the side of giving too little rather than too much 
In Part 3 the author deals with the usual topics of bias 
stabilization, small-signal parameters, and equivalent 
cuewts (with a bias to the hybrid-~) and then proceeds 
to examime amplifiers, with particular reference to sta- 
bility, and oscillators Finally, switching properties are 
considered. 

The last part is of lumted scope, dealing in the main 
with circurts fo. the measurement of the A-parameters 
ın the low-frequency and high-frequency bands, and the 
effect of temperature on static characteristics There 1s a 
bief reference to the measurement of noise at low fre- 
quencies The section is concluded, out of character, 
with a series of short descriptions of ‘other junction 
devices’ 

In general ıt can be said that each author has con- 
tributed something useful to the whole, but that the work 
lacks cohesion and the emphasis is not evenly distributed 
One would hke to have read more of avalanche breakdown 
and noise, which are very cursorily dealt with, and less 
of crystal growimg Part 1 could have been expanded con- 
siderably with advantage None the less, the book is not 
without value as 1b stands Although it cannot be regarded 
as a useful introductory book to the serious student of 
transistors, ıt will no doubt be a very useful adjunct 
to such a book-—for readers of German F J Hyps 
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Telemetry 

By R E Young (Temple Press Monographs on Rockets 
and Missiles) Pp vu+78 (London Temple Press 
Books, Ltd, 1963) 17s 6d 


HE cover note claims that this book sets out to give 

a comprehensive treatment of the subject of tele- 
metermg in missiles which will be suitable both for stu- 
dents and those engaged in the testing and manufacture 
of missiles I am afraid that both groups will be disap- 
pointed. 

In particular, I think that the student would, for his 
own good, be well advised not to read this book because 
of the vague and often imcorrect statements ıt contains 
It consists of five chapters which deal with a variety 
of subjects, ıncludıng some very elementary standard 
proofs concerning transmission lines, aerials and re- 
celvers 

Unfortunately this elementary mathematics has suffered 
1n some instances from printer’s errors or incorrect extract- 
ing from the original reference Mistakes lke this can 
only confuse the student so that when the author adds m 
parenthesis “see any standard text-book on trans- 
mission lines’? this ıs undoubtedly a sound piece of 
advice 

Modulation methods, a most important subject im 
radio telemetering, are dismissed ın very general terms 
in only three pages, no mention beng made of wideband 
improvement and the significance of modulation mdex 
in frequency modulation systems The emphasis on high- 
speed oscillography and the treatment of data handling 
in general are not in line with modern practice nor are 
the arguments the author uses ın discussing digital tele- 
metry particularly valid 

Many of the facts and figures quoted as typical of 
present practice are wrong For example, when describing 
the use of a piezo-electric material ın vibration transducers 
the author states that barium titanate ıs suitable in tem- 
perature environments up to 250° C without any dete- 
rioration of its properties ‘This temperature is, of course, 
above the Curie point of the materials 

It 18 umpossible to detail ın a short review many of the 
Inaccuracies regarding limiters, discriminators, commu- 
tation and the generation of telometering waveforms 
Perhaps the greatest single criticism 1s the fact that after 
a number of vague references throughout the book the 
reader 1s left with no clear and concise picture of typical 
British telemetermg systems Since this ıs probably 
the first book to be published in Britam on this sub- 
ject ıt would have been a good opportunity to 
record the contributions made to the art by scientists 
and engmeers in the United Kingdom and Common- 
wealth 

Regrettably ıt pales to insignificance when compared 
with American publeations on a similar subject 

M A PERRY 


CARCINOMA OF THE UTERINE 
CERVIX 


Het Experimentele Carcinoma Colli Uterı 

(English Summary—Résumé Français ) Door Dr Michel 
Thery Pp 542 (Brussels Arscia Uitgaven NV, 
Presses Académiques Européennes 8 C, 1963) np 


N this research monograph, the expermmental induction 
of carcinoma of the uterine cervix 1s described in 
considerable detail The anatomical and methodological 
information will be very valuable to experimentalists in 
the field, and some of the observations on the progression 
of cellular atypia and carcinoma ın situ to frank invasive 
carcinoma will provide ammunition for those who now 
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press for mass screening of the human female population 
by cervical smears or other methods 

The first three chapters are devoted to descriptions of 
the experimental methods used and of the anatomy of 
the test animals The favoured technique involved the 
repeated painting of the uterine portio with a suspension 
of 3,4-benzpyrene in acetone under direct vision Mace of 
several different strains and hamsters proved more or less 
responsive to this method of tumour induction, rats and 
guinea pigs were resistant Mice were used in most of the 
investigations 

Chapters 4 and 5 are concerned with the histopatho- 
logical features of the lesions observed ın treated animals 
hyperkeratosis, epithelial dysplasia, carcinoma n setu, 
and squamous cell carcinoma The close parallelism 
between these induced lesions and ‘spontaneous’ lesions 
of the human cervix 1s stressed Particular attention 1s 
directed to the histopathological diagnosis of early 
stromal mvasion, the features of the subepithelial con- 
nective tissue layer which takes the place of the basement 
membrane in the mouse, and to the squamo-—columnar 
junction Cycheal variations in the vaginal epithelium 
continued during treatment though their timing was fre- 
quently disturbed The majornty of tumours were 
squamous cell carcinomas, but one-fifth of them were 
mucoepidermoid in nature Finally, modes of local 
spread and metastasis are considered and the occurrence 
of associated pathological conditions reported. 

Chapter 6 1s perhaps the most interesting and valuable 
of the whole book ıt ıs concerned with the histochemical 
characteristics of normal and pathological cervicovaginal 
epithelium Both glycogen content and the presence of 
periodic acid—Schiff-positive mucus showed cyclical varia- 
tions The former does not aid in distmguishing different 
grades of preneoplasia or neoplasia, ıt only provides 
evidence of the degree of cellular differentiation of the 
lesion Dufferences in the histochemical patterns of -SH- 
and —SS~ group reactivity were observed between normal 
and pathological epithelium, but differences between 
different lesions were not sufficiently marked or constant 
to be of value in differential diagnosis 

The DNA content of the basal nucle: of squamous 
epithelium was found normally to reach a maximum 
durmg costrus, keratinization was associated with a 
decrease in DNA content In the abnormal hyperkeratotic 
epithelium of treated animals, however, the DNA-level 
was as high as for cestrus epithelium, even ın sprayed 
animals In general, there seemed to be a positive cor- 
1elation between the DNA value and the position of the 
lesion on the progressive path between pre-neoplasia and 
neoplasia, and the author concluded that Feulgen-histo- 
photometry might be a valuable diagnostic tool From a 
study of the levels of sixteen different enzymes, the author 
inferred that enzyme histochemical procedures can be 
successfully apphed to the identification of specific cell- 
types and to the differentiation of various pathological 
lesions In particular, he was ımpıessed by the fact that 
squamous cell carcinomas showed a very high 5-nucleo- 
tidase activity which made their detection in lesions at 
the stage of early stromal invasion a relatively simple 
matter 

In the penultimate chapter the evidence for the pre- 
cancerous nature of vai1ous lesions 1s reviewed, and the 
tempo of their progression to neoplasia discussed Finally, 
a comparison 18 made between the experimental tumours 
and those arising in the human cervix Despite anatomical 
and genetic differences, the author concludes that “‘on the 
whole the parallelism is truly striking For this 
reason the expermmental tumour might eventually offer 
new opportunities for the study of certain aspects of 
cervical carcinoma in man”’ 

The book ıs well written, well ilustrated, well docu- 
mented and well produced, its greatest limitation for 
most workers ıs that ıt 1s written in the Dutch language 

F J C RoE 
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Changes of Climate 
Proceedings of the Rome Symposium organized by 
Unesco and the World Meteorological Organization 
(Amd Zone Research—XX) Pp xun+488 (Paris 
Unesco, London HM Stationery Office, 1963) 28 
francs, 40s , 8 dollars 


HE study of chmatic change is an attempt to reduce 

into some semblance of order changes m the Earth’s 
climate on diverse scales ın both space and time It must 
consider the operation and effect of a large number of 
geophysical mechanisms, and mvolves the collation of 
results from many different scientific disciplmes It 1s an 
open secret that, perhaps because the subject 1s so complex, 
specious arguments have tended to go unchallenged and 
occasional dubious conclusions have found ther way mto 
text-books of chmatology A forum was obviously needed 
where ideas could be presented and eriticized the October 
1961 symposium in Rome provided this The volume 
under review contams the text of forty-five papers pre- 
sented at the symposium together with a brief summary 
of the ensuing discussions. 

Throughout the volume a laudable concern is shown 
for the physical significance of results, particularly those 
inferred from analyses of time series ‘There ıs a distinct 
tendency to adopt a more precise approach to the subject 
than hitherto Also ıt should be noted that the problem 
considered. was to assess whether any significant changes m 
chmate can be resolved from avauable data and to under- 
stand the mechanisms mvolved, it was not to attempt any 
prediction of future trends The papers are divided into 
four main sections 

The first section deals with changes during the period of 
meteorological records Most of these papers try to show 
the way ın which the evidence falls mto a pattern in which 
the physical significance depends on the combined results 
of several different variables However, even when 
distinct trends can be firmly established there was diffi- 
culty m interpreting these ın terms of what had happened 
to the atmospheric circulation Section 2 1s devoted to 
changes during late geological and early historical records 
The net result here ıs to show how various disciplines can 
combine to pose questions which meteorologists, without 
a quantitative theory of global climate, find great diffi- 
culty in answering Occasionally ın the first two sections 
there 1s a tendency to consider mean atmospheric and 
mean oceanic circulations as though they are complete 
physical entities m themselves rather than part of a 
statistical description of highly fluctuating flow-patterns 
This 1s particularly noticeable when cause and effect are 
discussed the importance of deviations from the average 
flow (eddies) were sometimes forgotten There are 
obviously many mterrelated mechanisms gomg on that 
are extremely difficult to assess adequately m a qualitative 
way, and one 1s left with the feelmg that a more precise 
treatment along the lines indicated by the papers in the 
next section 1s urgently required 

Theories of changes of climate are the subjects of Section 
3 Here there 1s a call for an attempt to produce a rough 
model which can represent realistic seasonal vanations, 
later the model might be used to discrimmate between 
likely and unlikely hypotheses A pointer to the probable 
line of future attack 1s given by two papers usmg a quanti- 
tative approach and extremely simple models to deseribe 
the effect of a hypothetical mcrease m solar constant, and 
to test the vahdity of possible mechanisms of climatic 
change Simple numerical techniques might well be 
profitably applied to some of the other theories advanced 
Section 4 concerns the significance of changes of climate 
—on vegetable cover, patterns of land use, geomorpho- 
logical features, ete The importance of variability of 
rainfall to agriculture ın semi-arid regions 18 emphasized, 
and the final paper stresses the practical umphcations of 
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statistically insignificant changes mm climate when a 
threshold, pecuhar to the area and the crop, 1s crossed 

The whole pubhcation 1s excellently produced ın a 
paper-covered volume, but a summary of each paper m 
Enghsh as well as in French (vice versa for some papers) 
would have improved the presentation For nearly 500 
pages of valuable material the price 1s extremely low 

G B TUCKER 
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RUSSIAN APPROACH TO FISH 
ECOLOGY 


The Ecology of Fishes 

By QG V Nikolsky Translated from the Russian by L 
Birkett Pp xv+352 (London Academic Press, Inc 
(London), Ltd , New York Academic Press, Inc , 1963 ) 
758 


HIS most stimulating book 1s especially welcome for 
three reasons Furst, no other book covers the same 

ground, and it should be a very useful reference work 
for both academic biologists and those concerned with 
fishery problems Secondly, this book and English 
translation make the great contribution of Soviet ichthyo- 
logists and ecologists available to the many who cannot 
read Russian Thirdly, and im the long run perhaps most 
important, this book 18 to be welcomed for its refreshingly 
unifying approach to biology 

Throughout the book one is aware of Prof Nikolsky’s 
appreciation of the unity of the organism and environ- 
ment, and that 1t 1s the adaptive interactions to particular 
elements ın the environment which ensure the develop- 
ment and existence both of the organism and of the 
species It is mado quite clear that ecological studies 
must be based on knowledge of the structure and func- 
tions of the organs, and that such studies, at all stages of 
the life-cycle, make the only basis for rational fishery 
development 

The book 1s divided into three parts In the first, 
Nikolsky considers ‘‘Interrelationships between Fishes 
and their Abiotic and Biotic Environment’? It 1s here 
that the reader 1s most conscious of Nikolsky’s continual 
awareness of the interchange between. the organism and all 
the many facets of the environment proceeding simul- 
taneously some factors having greater effect at one stage 
of the life-cycle and others at another, some having 
greator significance at one stage of the evolution of the 
species and others at another, a continual flux and web, 
with continual mteraction of the different factors This 
interaction so often appears to be forgotten by those 
designing ecological experiments 

The abiotic relationships considered, are the density and 
pressure of water and adaptive changes of theswim bladders 
of d'fferent fish groups, water salinity and osmoregulatory 
mechanisms, gases in solution and adaptations for aerial 
respiration, the effects of temperature, light, sound, 
electrical and electromagnetic forces, and the fishes’ 
reactions to bottom deposits and water movements 
There is also mention. of work on X-rays and radioactivity 
on fish, very relevant to the modern problem of dumping 
atomic waste From experience in high latitudes, atten- 
tion 1s directed to the many ways in which 1ce affects fish 

The discussion on biotic relationships begins with those 
which are intraspecific This meludes a useful summary 
of work on shoaling ın fishes, of great importance for the 
design of fishing gear When discussing mterspecific 
relationships, Nikolsky comments on the differences 
in faunistice complexes at different latitudes, the more 
intensive predator-prey relationships in lower latitudes 
with corresponding increase in the development of 
protective adaptations (such as great fecundity, care of 
young, armour), and that lower-latitude fish tend to be 
more stenophagic The interrelationships of fishes and 
other organisms are then treated group by group, from 
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bacteria, viruses and plants, and from Protozoa to Mam- 
maha, whether these other organisms be food or enemies 
of the fishes. 

The second part of the book, entitled “Fundamental 
Links in the Life Cycles of Fishes”’, 18 a series of discussions 
on reproduction and development, size, growth and age 
of fishes and ways of estimating these, population dyna- 
mics, migrations, overwintermg and hibernation beha- 
viour, and feeding relationships There 1s mevitably some 
repetition of Part 1 

Part 3 18 much shorter, and a discussion on the signifi- 
cance of fishes in the hfe of mankind and the biological 
basis of a rational fishery Here ıt 1s emphasized that 
fundamental knowledge of the ecology and behaviour of 
the fish, at all stages of the life-cycle, ıs the only rational 
basis for fishery development One point raised is that 
whereas in temperate waters much can be done to 
mantpulate age classes of fish to give highest sustained 
yields, in tropical waters production 1s unlikely to be 
increased by this method, as the life-cycles of the fishes 
are so much shorter and age groups represented in the 
catchable population fewer 

To compress the whole ‘ecology of fishes’ mmto some 
300 pages ıs bound to lead to generalizations which are 
rather sweeping and thereby lose in accuracy, and some 
of the parts concerning fishes outside the USS R have 
to be read with discretion A rather surprising omission 
when discussing the role of ccelenterates m the hves of 
fishes 1s that there 1s no mention of corals, and the whole 
groups of fishes which gain food and shelter from them 
References to work ın the tropics, for example, are rather 
out of date One particularly puzzlmg point, to which 
no reference 1s given, 1s the “intestinal incubation of eggs 
in Tachysurus barbus” figured Could these possibly have 
swallowed their eggs when disturbed, as fishes practising 
oral incubation so often do ? 

One 1s very grateful to the translator for making this 
book available ın English, but the rmpression 1s given that 
heisnota zoologist The choice of “abiotic” for ‘physico- 
chemical factors’ becomes misleading im some contexts, 
and “upstream’’ is used when ‘higher up ın the water’ 18 
probably meant Curious punctuation occasionally gives 
misleading ideas, and one could wish that the English 
names used for the fish were the common ones, as the 
names used are sometimes confusing (The translation of 
Nikolsky’s Special Ichthyology seoms more successful in 
this respect ) 

The 140 figures illustrating the text are helpful, though 
a few graphs lack information concerning the units used, 
or which curve ıs which Three figures present a visual 
summary of the biotic links in the sea and fresh water 
end “the proper and improper conduct of a fishing 
industry” 

Despite minor drawbacks, this is a splendidly stimulat- 
ing and thoughtful book, which should have a profound 
effect on the approach to fish ecology It ıs a book which 
should be ın the possession of every ecologist mterested in 
fish, and of all those concerned with the management 
of fisheries, though the price is unfortunately high 

R H MCCONNELL 
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DEVELOPMENTS IN PARASITOLOGY 


Advances ın Parasıtology 

Vol 1 Edited by Dr Ben Dawes Pp xvı+347 (Lon- 
don Academic Press, Inc (London), Ltd , New York 
Academic Press, Inc, 1963) 708 


jie is not possible, m a relatively short review, to tell 
prospective readers of the wealth and detail of the 
mformation contamed m this well-written and well- 
produced book 

Introduced by a short preface by its editor, Prof. B 
Dawes, the book begins with two chapters devoted to the 
parasitic Protozoa In the first of these, Clay G Huff 
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sums up recent researches done on the species of Plas- 
modium, Haemoproteus and Leucocytozoon parasitic m 
birds. This valuable article contains a detailed section on 
the avian species of Plasmodium which discusses the 
natural immunity and susceptibility of the avian and 
mosquito hosts, the effects of X-irradiation on the develop- 
ment of these Protozoa in their mosquito hosts, the 
cytology and genetics of the species discussed, the growth 
of their sexual phases wn vitro and in vivo, the development 
of the gametocytes and their infectivity, the periodicity 
of the asexual multiplication, the effects of viruses, bac- 
teria and yeasts and coccidia on the parasites, their oyto- 
chemistry, fine structure, immunology and pathology and 
their exoerythrocytic phases Shorter, but no less interest- 
ing, sections follow on recent work on Haemoproteus and 
Leucocytozoon 

In the second essay on Protozoa, ©. Horton-Smuth and 
P Long discuss the pathology and hfe-cycles of the species 
of Eimeria which cause coccidiosis of the domestic fowl 
and the turkey, the oocyst production of these species, 
the DNA, RNA and other chemical substances encountered 
m the coce:dian life-cycle and modern knowledge of the 
immunology of this economically mmportant disease 

The rest of the volume ıs devoted to parasitic nema- 
todes and to the larval phases of monogenean trematodes. 
A valuable essay by W P Rogers and R I Sommerville 
describes ın detail the significant and promising work 
that has been recently done on the mfective stages of 
parasitic nematodes and their significance in parasitism 
In a short review ıb 1s impossible to mdicate the mpor- 
tance of the mvestigations here desembed They mclude 
studies of the nematode hfe-cycle as a whole, the physio- 
logy, behaviour and survival of the all-mmportant infective 
stages, the process of fection of the host by these stages 
through the gastro-mtestinal tract or through the skin 
and the problems faced by the nematode when it has to 
pass from the world outside the host to the environment 
1t encounters mside the hosts body The mechanisms 
of the vital ecdyses are here involved, and the authors 
discuss the problems of mfectiousness and their hypo- 
thesis of infectiousness considered as an adaptation to 
parasitism 

In the next article, D Poynter discusses the lungworm 
of cattle, Dictyocaulus vvvparus, which causes parasitic 
bronchitis, or husk, mm cattle, the pathology of this 
economically mportant disease, the biology of the infec- 
tive stages on the pastures from which the cattle pick 
them up and the remarkable recent use of X-1radiated 
larvæ of the parasite, to make the vaccme developed by 
workers at the Glasgow School of Veterinary Medicine, 
which is proving an effective means of protecting cattle 
from the disease. This vaceme marks a ‘break-through’ 
in the field of the rmmunology of parasitic infections the 
importance of which can scarcely be overestimated 

There follows a useful article by John E Larsh, jun, 
on recent work on experimental trichmasis in hamsters, 
rats and mice, and the volume concludes with an article 
by J Llewellyn on the morphology of the larve of mono- 
genean trematodes and ther post-muracidial development 

So rapid have been the advances in our understanding 
of the parasite as an organism living, like other creatures, 
m conflict with the risks of its mode of hfe and with the 
challenge of 1ts environment, that everyone who has to 
deal with parasitic life can scarcely afford not to read this 
book and to learn how the application of the methods 
of biochemistry, biophysics and experimental biology in 
general have altered, in a few productive years, the whole 
structure of this branch of biology The promise of this 
kind of work 1s incaleulable Not only the biologist but 
also the medical man and the veterimarian, and everyone 
else who 1s concerned with the mitigation of the suffermg 
and loss of hfe inflicted by the parasite will welcome this 
volume and will hope for successors to ıt which will deal 
with the fields of work not covered in these pages 

G. LAPAGE 
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Photo-Electronic Image Devices 

Proceedings of the Second Symposium held at Imperial 
College, London, September 5-8, 1961 Edited by J D 
McGee, W L Wueock and L Mandel (Advances m 
Electronics and Electron Physics, Vol 16) Pp xv+654 
(New York and London Academic Press, 1962) 130s 


DVANCES m photo-electronics have largely centred 
around image devices, photomultiplers and other 
components for converting radiation nto electronic 
signals The spur to mcrease sensitivity, signal/noise ratio 
and spatial resolution and to umprove reproducibilty has 
kept technologists busy and has led to excursions into 
alued branches of apphed physics, particularly electron 
optics and vacuum technology The discovery of new 
physical effects hkely to have far-reachmg influence 1s not 
at present a primary am of the subject, which, however, 
does not lack effects requirmg clarification and justifica- 
tion on fundamental grounds If the subject is compact, 
that 1s more than can be said of the workers mmn ıt, many 
of whom owe ther first allegiance to particular fields of 
appheation Prof McGee, m organizmg two symposia on 
the key-image devices, has thereby brought together 
scientists who rmmght otherwise never have met 
The report on the second symposium on “Photo- 
Electronic Image Devices”, held at the Imperial College 
of Science and Technology durmg September 5-8, 1961, 
is very factual, ıt shows no dummution of activity since 
the 1958 symposium, stresses the attention bemg directed 
to details to umprove performance and leaves no doubt as 
to the contributions beg made by users (compare the 
transistor, for which no user has also been a designer or 
technologist) Several astronomers are now using elec- 
tronic cameras following pioneermg work by Lallemand, 
Duchesne and a few others The precautions needed to 
prevent the photographic plate spoiling the vacuum and 
hence the photocathode are central themes of two papers, 
a bakeable electronographic plate may still be required, 
however, despite its mabihty to match the large gain 
conferred by the conventional developing of a photo- 
graphic plate Image intensification 1s a fruitful subject 
at the moment and has received much attention, the 
television camera tube, on which so much effort has 
already been expended, did not figure so prommently, 
but mfra-red and ultra-violet versions were described 
Nuclear physicists are extendmg the versatilty of sem- 
tillation counters, as several papers show, and further 
progress can be expected, based on applymg techniques 
‘developed for other devices 
One or two laboratories surveyed them own work over 
the past few years, but review papers were otherwise 
absent, their inclusion m any symposium ıs a gamble 
for they may turn out to be mere catalogues or to be 
insufficiently critical But two or three good reviews here 
would have improved an already umpressive and readable 
report R TOLMAN 


Diseases of Turfgrasses 

By Prof Houston B Couch (Reinhold Books in 
Agricultural Sciences) Pp xm+289 (New York 
Remhold Publshmg Corporation, London Chapman 
and Hall, Ltd, 1962) 80s net 


HE production and maimtenance of high-quahty 
grass turf, whether for ornament or recreation, 
requires skilled management which involves effective 
control of diseases affecting turf grasses A comprehensive 
treatment of this specialized topic would certainly be 
welcomed by turf specialsts and plant pathologists, ıb 
ig disappointing, therefore, to find that Prof Couch’s 
book does not fulfil the promise of its title 
The maim text of the book occupies 180 pages and 1s 
divided unto four chapters, the first of which deals briefly 
and in very general terms with the nature and causes of 
disease m plants Chapter 2 (124 pp ) 1s concerned with 
fungal diseases These are well described and the control 
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practices (where any are available) are clearly explained 
The coverage on fungal diseases 1s certainly compre- 
hensive and includes many diseases (for example, those 
affecting inflorescences, such as smuts and ergot) which 
might well have been omitted Indeed, ther melusion 
only serves to exaggerate the omissions referred to below 
The third chapter deals concisely with nematodes, and 
the main text concludes with a short chapter on the 
fundamentals of disease control ` 

Two notable omissions from this book are physiological 
and virus diseases Thew exclusion can scarcely be 
justified in a work which claims to be comprehensive To 
be told (p 65) that physiological diseases are already well 
covered in standard works on turf-grass management will 
scarcely satisfy the plant pathologist, particularly when 
no specific references to sources of information are given 
Equally the omission of virus diseases, apparently on the 
grounds that “information concerning them ıs not yet 
sufficient to evaluate properly their importance’, 18 
scarcely acceptable The same might be said of a great 
many of the fungal diseases described The omission of 
virus diseases 1s all the more serious because recent work 
is showing that they may, in fact, be seriously damaging 
in. agricultural swards, presumably they may be equally 
important in sports turf and lawns The inclusion in this 
book of the symptoms, host-ranges and mode of trans- 
mission of the many grass viruses now known would have 
been most valuable if only mm directing the attention of 
turf specialists to this group of diseases 

More than a third of the book 1s devoted to five appendix 
tables Apart from the first (which 1s a short hst of fung1- 
cides and nematocides), these constitute a particularly 
clear index of diseases and host species cross-referenced 
under their common and technical names Certainly in 
this 100-page appendix the reader will have no difficulty 
in locating the items of information contained in the 
other 180 pages ELLIS GRIFFITHS 


The Morphology of Pteridophytes 

The Structure of Ferns and Alhed Plants By Dr K R 
Sporne Pp 192 (London Hutchinson University 
Library, 1962) 12s 6d net 


HIS condensed but clear account of the morphology 
of the pteridophytes 1s evidently aimed primarily at 

an undergraduate public Available at a most reasonable 
cost, 1t will surely be deservedly popular as a student 
text An excellent feature of this book 1s the attention 
directed to the integration of the results of modern re- 
search with classical morphology Not only are more 
obvious discoveries like Stylies described, but also recent 
developments in all aspects of the subject are included 
Rather more than half the nmety items meluded in the 
bibliography were first published since 1946 

Great pains have evidently been taken over the produc- 
tion of the beautifully drawn figures, which are a joy to 
study Nevertheless, one must regret that ıb has been 
found necessary to overcrowd the illustrations on certain 
of the figures (for example, Figs 14-17), so as to confuse 
the eye, and to over-reduce certain of the ulustrations 
(for example, Figs 124, 16H, and 174) to such a degree 
that their evident quality 1s obscured One appreciates 
with approval the intention to keep the price of this 
book as low as possible, but 16 1s a pity that a larger 
page-size could not have been used 

Errors appear to be commendably few ‘There 1s an 
unfortunate misprint on the fourth lme of p 166, where 
Phylliws 18 intended but Athyrium is printed, which may 
seriously mislead the unwary It 1s not true that there 
are eleven species of Equisetum in the British flora, and 
Phylloglossum drummond occurs also m south-western 
Australa, but these are small blemishes in an admurable 
text This book 1s a valuable addition to the botanical 
literature, and is most warmly recommended 

J D Lovis 
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LYON PLAYFAIR, 1818—98* 


By Pror R. V. JONES, C.B, CBE 
Department of Natural Philosophy, University of Aberdeen 


HE Scottish family of Playfar has an extraordmary 

record of distinction mm public service There have 
been Playfairs m Ingh positions m medicme, the law, 
the armed Services and the Cıvıl Service Playfair of 
the axiom was both an emiment mathematician and a 
geologist Another member of the family was Principal 
Playfair of St Andrews, who was in office from 1800 until 
1819 He married a Miss Lyon, a relative of the Lyons 
of Glamis, and they had four sons The eldest of these, 
George, went mto medicme and served, as so many of the 
family had done, m India, he became chief mspector- 
general of hospitals m Bengal He married a Miss Ross of 
Edinburgh and, of their four sons and three daughters, 
1t is their second son, Lyon, born at Meerut on May 21, 
1818, who 1s of especial mterest now 

The boy returned to Scotland m 1820, and m due course 
went to the parish school ‘This he said was excellent 
Of Ins later education at a grammar school he was not 
nearly so complimentary In his autobiography he says 
“To my mother and her surroundings I owe all my early 
knowledge, precious little of which I derived from the 
Grammar or Classical School to which I was sent at a 
later pernod” He retamed, as will be seen, this critical 
attitude to the then current form of education throughout 
his hfe His best holidays, he says, were spent with his 
grand-uncle, a minister, m the manse at the gate of 
Glamis Castle 

At the age of fourteen he was enrolled as a bejant in the 
University of St Andrews, and attended the ordinary 
courses for the M A degree Of the subjects in the course, 
mathematics pleased hum most, but he broke away from 
lus curriculum whenever possible to slip mto the lectures 
in chemistry and natural philosophy After this, he was 
sent to work as a clerk m the office of his Uncle James, a 
merchant m Glasgow His fellow clerk was named 
Ramsay, and when, after a short experience of mercantile 
hfe, he obtamed his uncle’s permission to study for 
medicine, he went to board at the house of Ramsay’s 
mother The Ramsay family ıs worthy of mention, since 
one of Mrs Ramsay’s grandsons was the famous chemist 
of University College, the discoverer of helium on the 
Earth (in 1894) 

Instead of gomg straight into medicme, Playfair decided 
to study chemistry seriously, since ıt was his favourite 
subject, he therefore chose to go to the Andersonian 
College (now the Royal College of Science and Technology 
m Glasgow) rather than to the University itself, because 
this would give hm an opportunity to study with Graham, 
who was professor at the College, and one of the most 
distinguished chemists of his time In Graham’s classes 
there were two students of a similar age to Playfair with 
whom he formed friendships The first of these was David 
Livingstone The second student was James Young, who, 
as James Watt had been before him, was employed to 
repair laboratory instruments He had been engaged by 
Graham as an assistant, and was later to participate with 
Playfair m the foundation of the shale ou mdustry 

After Playfair had been with him for two years, Graham 
was called to University College, London Glasgow 
thereby lost its attraction for Playfair, who moved over to 
Edimburgh to carry on with his medical studies He 
obviously enjoyed the social life of the University, and 

* Substance of a lecture given on September 3 before Section X (General) 


of the British Association for the Advancement of Science meeting m 
Aberdeen 


helped to form a dimng club which developed mto ‘The 
Red Lions’, a famous social function of the British 
Association Playfair had to stop his medical studies, 
since he contracted eczema, and he left for India on his 
father’s advice Again he started m a mercantile career, 
this time im Calcutta, but once agam his interest strayed 
back to chemistry, and he gamed the acquaimtance of the 
professor of chemistry ın the local college The professors 
there advised his father to send Playfair back to England, 
and he therefore returned m 1838 to jom Graham at 
University College In 1839 Graham advised him to go to 
study under Liebig at Giessen, 

Liebig at this time was writing his great book on agı- 
cultural chemistry, and he invited Playfair to undertake 
the Enghsh translation Liebig’s views were to be an- 
nounced in a general way at the 1840 meeting of the 
British Association in Glasgow, and smce Liebig himself 
was unable to go, Playfair went to represent him and was 
promptly appointed secretary of the Chemistry Section 


Industrial Chemistry 


Playfair returned to Giessen and graduated as a doctor 
of philosophy , but the Glasgow meeting had given him the 
opportunity of meeting various chemical manufacturers, 
and in the spring of 1841 he accepted an offer from a Mr 
Thomson of Clitheroe to become chemical manager of his 
print works 

Playfair knew nothing of the process of calico printing, 
but he quickly saw that Mr Thomson’s works were hkely 
to fail sooner or later, smce Thomson insisted on expensive 
hand productions, which were unlikely to survive m the 
competition with mechanical reproduction processes. 
Playfair therefore thought of moving, but before he left 
Chtheroe, he encountered the great labour mots of 1842 
m Lancashire The rioters were out to smash the 
machines, and Playfair went to the rescue of a neighbour- 
mg mill He met the advancing rioters, and told them 
that he was perfectly well aware that ther force was 
irresistible, and that they could stop the works He 
suggested to them that mstead of domg widespread 
damage, they could secure thew object of stoppmg the 
works by removing the plugs from the boners They 
accepted his offer of acting as a hostage, while they 
removed the plugs Characteristically, he afterwards 
recorded that from the conversations that he had with 
them during his detention, many of their demands were 
reasonable 

While at Chtheroe, he gave several lectures ın Man- 
chester, and accepted the office of honorary professor of 
chemistry ın the Royal Institution ın Manchester Ths 
brought him into contact with several men of distinction 
who were at that time m Manchester, most notably Dalton 
and Joule Dalton was president of the Manchester 
Jaterary and Philosophical Society, and was re-elected 
annually ‘There was always one dissentient vote in the 
ballot, Playfair says, this was that of Dalton himself, 
who used to vote for one of his friends On the last vote 
before Dalton’s death, there was the one dissentient vote 
as usual—but this time Dalton had voted for the door- 
keeper 

In October 1842 Playfair was surprised to receive a 
letter from Faraday, offermg him the professorship of 
chemistry m Kimg’s University, Toronto Playfair 
thereupon visited Faraday ın London, and mdicated that 
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he would like to accept the proposal ‘This mtention was 
not, however, favourably regarded by various of Playfair’s 
friends in London, who thought that his loss would be too 
serious A few days later, to his great surprise, Playfair 
received an invitation from Sir Robert Peel, who was then 
Prime Minister, to visit him at Drayton Manor, his home 
near Tamworth Playfair thought that this letter might 
well be a practical joke, and spent a day or two checking 
its authenticity He then went to stay with Peel for a 
few days, and Peel explaimed to him that several men of 
science had asked him to persuade Playfair to stay m 
Britam He even offered Playfau a written promise that 
he would make ıt his duty to obtam surtable employment 
for Playfair m Brita, but the latter would not accept 
the document, saying that the Prime Mimister’s apprecia- 
tion was all that he could have wished 

For a time, Playfair returned to Manchester, but he 
was quickly drawn mto an mvestigation on behalf of the 
British Association for the Advancement of Science with 
Bunsen, who came across from Heidelberg, into the 
economy of blast furnaces This mvestigation, which 
showed that with the existing design of furnaces more than 
80 per cent of the fuel escaped from the furnace m the 
form of gases, resulted ın a great improvement m efficiency 
The report was published ın the annual volume of the 
British Association for 1845 In the meantime, in 1843, 
Peel had asked Playfair to sit on a Royal Commussion 
into the state of large towns This was the first of the 
many public committees on which Playfair was to serve, 
he took a special interest ın the large towns ın Lancashire, 
since he was well placed to study them The findings were 
terrifying Owe to the effect of such features as bad 
sewerage and overcrowded tenements (one-seventh of the 
population of Liverpool lived m cellars) the expectancy 
of life was very short, m Manchester ıt was twenty-two 
years, in Liverpool twenty, m Ashton sixteen As a 
result of the findings of the Royal Commission, on which 
Edwin Chadwick, the veteran sanitary reformer, was 
prominent, the conditions m the towns were much 
improved 

Just as this inquiry was drawing to a close m 1845, 
Peel offered Playfair the appomtment of chemist to the 
Geological Survey, and Playfair became a regular guest 
at Peel’s home, along with such men as Wheatstone and 
George Stephenson Playfair records how after dmner 
on one of these parties, George Stephenson put forward 
the theory that his locomotives derived their original 
power from the Sun through the plants that were fossihzed 
mto coal, the geologists present laughed, and Stephenson 
gave up the argument Peel afterwards asked Playfair 
what he thought of Stephenson’s view, and the Jatter 
told him that ıt could be supported Peel told Playfair to 
explain the arguments to Follett, a lawyer, who was also 
a guest Next evening, the conversation was duly steered 
in the same direction again, to give Follett a chance to 
intervene, briefed by Playfair, he completely routed the 
geologists Stephenson, lhstenmg m amazement, ex- 
claimed “Of all the powers in Nature, the greatest ıs the 
gift of the gab” 

While Playfair was still mn Manchester he formed a close 
friendship with Joule, who was then engaged on his 
experiments on the conservation of energy Joule and 
Playfair undertook several imvestigations together mto 
atomic volume and specific gravity, and pubhshed several 
joint papers ın the Journal of the Chemical Socrety, the 
most important result was the discovery that the merease 
in the volume during the process of solution of a hydrated 
salt was due to the water released from the salt itself 
Playfair persuaded Joule to become a candidate for the 
chair of natural philosophy of St Andrews, one of the 
electors, however, objected to a slight physical deformity 
that Joule had, and so created another mstance of a 
university losing a great opportunity 

It 18 one of the regrettable facts in the history of 
scientific publication that the Royal Society rejected 
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Joule’s first account of his conservation experiments 
Playfair tells how this was due, among others, to Wheat- 
stone, who was his close personal friend Playfair and 
Wheatstone spent a whole Sunday afternoon walking on 
Barnes Common discussing Joule’s experiments and their 
consequences, if true, to science Playfair failed, unfor- 
tunately, to convince Wheatstone, and so the Royal 
Society rejected the paper Playfair continued his work 
with Joule, after he transferred to the Geological Survey, 
the mam premises of which were m Jermyn Street, 
London He himself had a temporary laboratory ın 
Duke Street, here he discovered the nutroprussides 
Among his assistants were Edward Frankland and James 
Dewar. The Geological Survey ran the Geological 
Museum which developed, under the directorship of 
Henry de la Beche, into the School of Mines 

Playfair’s attempts to pursue his researches became 
increasingly mterrupted by Government demands on his 
services The first of these was to report on the state of 
Buckmgham Palace Playfair found, after some drastic 
experiments mvolving the explosion of gunpowder with 
some olfactory mixture in the Palace kıtchen, that the 
carbon monoxide fumes from the charcoal fires were 
ascending into the royal nurseries ‘The sewerage system 
was also rudimentary. Playfair’s report was so frank 
and brutal that the Government did not dare to publish 
1t He had also to look mto the state of Eton College, 
and the Board of Health asked him to report on grave- 
yards, from which experience he became an advocate of 
cremation, and to analyse all the water proposed for the 
supply of towns The Admiralty asked him to determine 
the best coals for steam navigation, Playfair was con- 
nected with this investigation for many years 

Another field of activity for Playfair about this time 
was that of safety m mines’ Lyell and Faraday were 
Government commissioners, and had reported on the 
dangers of fire-damp This was, of course, a considerable 
tume after the mvention of the safety lamp, but there was 
still much carelessness in the mines, and explosions were 
repeatedly occurring Playfair was asked to investigate 
a particularly bad explosion at Jarrow, apart from 
investigating the explosion itself, Playfair conducted a 
programme of analysis of fire damp from many mines 
His direct connexion with safety m mmes did not last 
very long; but years afterwards ıt turned out to be 
valuable A serious strike of miners was imminent in the 
Newcastle district, and, although he was m Brittany at 
the time, both the owners and the men decided to send 
for Playfair to arbitrate between them ‘The strike was 
averted 
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The Corn Laws 


The investigations that Playfair was called on to under- 
take took him farther and farther away from pure science 
As one of these tasks he was asked to report on the foul 
state of the Serpentine At this period, by far the most 
important of the investigations that he was asked to 
carry out was one in the autumn of 1845, when Peel 
sent for him and told him how worried he was about the 
effects of the potato disease m Ireland Peel asked 
Playfair to nommate two others to act with him ona 
commission of inquiry, and to report Playfaw found 
that the prospect for Ireland. was starvation, and he 
reported to Peel that this would be so unless the Corn 
Laws were repealed This obviously placed Peel m a very 
difficult position, smce his own party was responsible 
for the Laws Peel rephed to Playfair “I am indeed 
sorry that you are compelled to make so unfavourable a 
report, but the knowledge of the whole truth 1s one 
element of security” This readmess of Peel to face 
unpleasant facts shows why Wellmgton said of him 
“Of all the men I ever knew, he had the greatest regard 
for truth” It ıs, of course, one of the most celebrated 
incidents ın Britain’s history of party government how Peel 
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turned on his own party, and carried the repeal of the 
Corn Laws, ın view of the present interest of the functions 
of science ın Government, 1t 1s mteresting to realize that 
Peel had a man of science behind him 


The Great Exhibition of 185! 


The culmination of all this public work came m Play- 
fair’s appomtment to a key position in the planning of the 
Great Exhibition of 1851. This Exhibition had probably 
started as a concept of the Prmce Consort and Sir Henry 
Cole The Society of Arts organized a committee to carry 
through the arrangements, but the task was really too 
great A Royal Commission was therefore formed, con- 
tammg emment men of both political parties The 
detailed arrangements were m the hands of an executive 
committee, substantially with the membership of the body 
previously selected by the Society of Arts However, the 
two bodies were m danger of drifting apart, and Peel 
asked Playfair to be a member of both bodies to ensure 
that they kept ın step Playfair himself had misgivings 
about leaving his scientific work, and objections were 
raised by his fellow professors on the grounds of the upset 
to their teachmg programme Peel again intervened, this 
time so strongly that neither Playfair nor his colleagues 
could refuse 

Playfair at once came into close contact with the Princo 
Consort, and this rapidly developed mto friendship One 
of Playfair’s many contributions was to organize the 
classification of the various sections His system was 
accepted by all the authorities concerned, including the 
foreign representatives, with the exception of France, 
since the French had devised a logical and philosophical 
classification for themselves Playfair and the French 
representative agreed that they should test the rival 
classifications by seemg how easy ıb was to classify a 
srmple object on the two systems The Frenchman 
suggested that they should try his walkmg stick Playfair 
turned to his class of ‘Miscellaneous Objects’ and soon 
found the walking stick under the sub-section ‘Objects 
of Personal Use’ The French Commussioner looked for a 
long time ın vam through his logical classification, but 
ultimately found it under the heading ‘Machmes for the 
Propagation of Direct Motion’ Playfair’s system was 
thereupon adopted 

Much of the success of the Exhibition must have been 
due to Playfair’s wisdom and energy, the Prmce Consort 
was very umpressed and offered him the post of Gentleman 
Usher m his household In this position, Playfair was 
very frequently consulted by the Prince on all kinds of 
matters The Exhibition building, originally erected 
m Hyde Park, was taken down and erected again m 1854 
at Sydenham as the Crystal Palace As part of its educa- 
tional value, ıt was to be decorated with copies of great 
statues from all over the world, along with an ethnological 
collection, of effigies of savages Playfair records that most 
of the figures were nude, and that just before the opening 
there was a written representation to the Queen, signed 
by most of the Bishops, stating that they could not 
attend the State openmg unless all the nudes were pro- 
perly draped The Prmce Consort called for Playfair’s 
advice, his hght-hearted suggestion was that the Prince 
should ask the Bishops for a loan of their aprons during 
the ceremony 

In the winter of 1851—52 the Society of Arts organized 
a series of lectures on the results of the Exhibition, m 
which the speakers underlined the need for scientific 
education In this series Playfair’s lecture was outstand- 
mg He held that the Exhibition showed that “wherever 
a nation used science m 1ts manufactures that nation was 
ın the ascendant”, and suggested that “m the establish- 
ment of institutions for mdustnal mstruction you, at 
the same time, create the wanting means for the advance- 
ment of science in this country”. Playfair also gave two 
brihant maugural lectures at the School of Mines urging 
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the importance of ensurmg the developmg harmony 
between the advance of pure science and the progress of 
industry. The second lecture, which was given in the 
autumn of 1852, was on “Industrial Instruction on the 
Continent” and meluded much information that he had 
gained earlier ın the year when, at the request of the 
Prince Consort, he had toured the Contment He pomted 
to a curious weakness in the national outlook m Brmtam, 
which even, now has not been fully overcome “In this 
country we have eminent ‘practical’ men, and eminent 
‘scientific’? men but they are not united and generally 
walk ın paths wholly distinct from this absence of 
connexion there ıs often a want of mutual esteem and a 
misapprehension of ther relatrve umportance to each 
other’ In 1853 he contmued this theme ın a lecture to 
the ‘People’s Club’ ın Sheffield on ‘‘Science in 1ts Relation 
to Labour” 

In August 1851, before the Exhibition had ended, the 
Prince had roughed out a scheme for using the profits. 
This volved buying a large area m South Kensmgton, 
very near to the site of the Exhibition, and building on it 
an institution for “the furtherance of the mdustral 
pursuits of all nations’ Playfar, with whom the Prince 
discussed his scheme, favoured a widespread system of 
centres of technical education throughout the country 
united with a university of mmes and manufactures on 
the Kensington site The Prince provided a friendly 
brake on his enthusiasm by pointing out that Playfair 
had omitted any reference to religious education m his 
scheme, and that ıt might be wrecked by rehgious opposi- 
tion on this account This was not a fanciful objection, 
for roligious bias was formidable ın 1845 Playfaur’s 
former master, Liebig, was even disqualified from con- 
sideration for the char of chemistry at King’s College, 
London, because he was a Lutheran and not an Anghean 
Following the Prince’s wishes, the South Kensmgton site 
was m the meantime purchased out of the £186,000 profit 
of the Exhibition, and, although it took many years, the 
ultimate formation there of the Royal College of Science 
1s due to the foresight of the Pmnce, Playfair and their 
associates 


The Science and Art Department 


One step on the way was the formation of the Science 
and Art Department m 1853, with Playfair at the head 
of its science side. It was mamly concerned with educa- 
tional matters, and ıt founded science schools m various 
towns In the course of this work, Playfair paid a visit to 
Edinburgh, and persuaded the Town Council to provide 
the land, and the University the ongmal collections, for 
@ museum, he then succeeded ın obtaimimg a parhamentary 
vote, and thus founded the Scottish National Museum 

The Science and Art Department seems to have had 
some other functions besides its educational ones, since 
ib was asked m 1852 to design a State funeral carnage to 
carry the body of the Duke of Wellington Playfair 
records that ıt was made of bronze and was so heavy 
that ıb broke a sewer when crossing St Jamos’s Park; 
and this delayed the funeral procession, one of the 
spectacles of tho century, for one to two hours 

At this time Playfair was livmg m the Putney area, and 
saw much of Wheatstone, who hved in Hammersmith. 
They spent many of their Sundays together, amusing 
themselves by decrphermg the erpher advertisements m the 
personal column of The Times. One turned out to be 
from an Oxford student m a reading party at Perth, who 
was corresponding with a young lady m London When 
he proposed an elopement, Wheatstone and Playfair 
decided that ıt was time to step m They therefore 
inserted an advertisement im the same cipher reading 
“Dear Charhe, Write no more Our cipher 1s discovered”. 

About the same time, Playfair frequently saw Babbage, 
the inventor of the calculatmg machme, who resented the 
way that he had been treated by the Government In 
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the course of trying to umprove the public recognition of 
science, Playfair had suggested to the Prince Consort that 
1t would be a happy gesture to make one or two scientists 
Privy Councilors, he mentioned Faraday and Babbage 
as two who were well fitted for this honour The Price 
asked him to sound the two men, but while Babbage was 
delighted with the suggestion, he made ıt a condition 
that he alone should be appointed, as reparation for the 
Government’s neglect of his inventions This unfortunate 
attitude caused the Prince Consort to drop the idea 

The prospect of the Crimean War caused Wheatstone 
and Playfair to submit one of their ciphers to Lord 
Palmerston, ıt has smce become one of the classical 
methods of enciphermg Playfair produced mventions 
for incendiary shells and poisonous gas shells, but these 
were not taken up at the time In 1855 the mastership 
of the Mint became vacant Playfair would very much 
hked to have had this appomtment, but he found that his 
late master, Graham, was anxious for ıb He therefore 
supported Graham, who was awarded the honour 


Chemistry at Edinburgh 


In 1858, the chair of chemistry at Edmburgh became 
vacant Playfair had applied for this post on an earher 
occasion, when it was awarded to Gregory On the 
present occasion, he saw a chance to get back to research, 
and his attamments and distinctions were such that he 
would, almost certamly get the chair if he applied for it 
Bat bis friends in Edmburgh insisted that he should 
have some testumonials One of these he obtained from 
his pupil, Frankland, now a professor himself Hus 
letter to Frankland asks the latter to confirm various 
of his qualifications, including “that as President of the 
Chemical Society I have shown that I studied Chemistry” 

Playfair had to resign his appomtment as Gentleman 
Usher to the Prince, and he threw his full energies mto 
1eorganizing the Chemistry Department He mtroduced 
a system of tutonal classes, which rapidly became a 
feature of other departments throughout Scottish univer- 
sities He also devised a system of merit certificates, 
which again extended throughout the Scottish universities 
He also decided, perhaps from his experience at Court, 
that graduation ceremonies needed to be revived to produce 
a feeling of pride among graduates All these reforms are 
strong features of the Scottish universities to-day 

As always, Playfair collected good stories One of his 
colleagues at this time was James Simpson, who mtro- 
duced chloroform mto surgery Playfair says that m 
Scotland there used to be an antipathy to objects not 
mentioned in the Bible, and that on ths account, for 


example, potatoes were only slowly adopted by the Scots ~ 


This attitude gave Sumpson much trouble, since not only 
was chloroform not mentioned m the Bible, but also it 
was positively m direct contradiction to the curse on 
woman that she shall endure sorrow m bringing forth 
children Simpson adrortly answered the religious 
objections to chloroform by saying that God, when he 
performed the operation of takmg one of Adam’s ribs 
out, first put him into a deep sleep such as chloroform 
produces 

Both the Prince of Wales and Prince Alfred were sent 
by their parents to be tutored by Playfar m Edinburgh 
‘When the Prince Consort died prematurely ın 1861, 
Playfair suffered a great personal loss, but such was his 
reputation by this time that the public demands on him 
inevitably contmued He was asked to organize the 
Jury Department of the International Exhibition of 
1862 His work on royal commissions still went on In 
1861 or 1862 he was president on a Royal Commission 
into the British herrmg fisheries, which repealed the 
closed season for herrmg The findimg of the Commussion 
was that the closed season enabled the predators on the 
herrmg, such as cod and lmg, themselves to multiply 
They were normally caught with herrmg as bait, with the 
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result that the absence of such bait durmg the herrmg 
close season resulted ın fewer casualties among the cod 
and lng Playfair estumated that the number of these 
fish that were as a result not caught would m fact them- 
selves eat more herrmg than those that were caught by 
all the fishermen of the United Kmgdom 

In 1865 he served on the Royal Commission on cattle 
plague, now known as foot-and-mouth disease Playfair 
himself suggested the measures that have ever since been 
accepted, of closing markets m affected districts, stopping 
all transit of cattle, and slaughtermg and burnimg any 
suffering from the disease These severe measures resulted 
ın great personal unpopularity for Playfair, but his con- 
viction that he was right carried him through 

In 1867 he was agam a judge at an mternational 
exhibition, this time that im Paris Britain did not 
do nearly so well m that exhibition as she had done m 
1851 Playfair saw his chance to drive home the lessons 
that he had been preaching ever smce 1851 He wrote a 
famous letter to Lord Granville, which the latter asked 
should be published in The Temes The following is an 
extract 

“I have just returned from Paris I am sorry to say 
that, with very few exceptions, a smgular accordance of 
opimion prevailed that our country had shown little 
mventiveness and made little progress m the peaceful 
arts of industry smce 1862 Deficient representation m 
some of the mdustnes might have accounted for this 
judgment against us, but when we find that out of 90 
classes there are scarcely a dozen m which pre-emmence 
1s unhesitatingly awarded to us, this plea must be aban- 
doned So far as I could gather them by conversation, 
the one cause upon which there was most unanimity of 
conviction is that France, Prussia, Austria, Belgium and 
Switzerland possess good systems of industrial education 
for the masters and managers of factories and workshops, 
and that England possesses none A second cause was 
also generally, though not so universally, admitted, that 
we had suffered from the want of cordiahty between the 
employers of labour and workmen, engendered by the 
numerous strikes, and more particularly by that rule of 
many Trades’ Unions, that men shall work upon an 
average abihty, without giving free scope to the skill and 
ability which they may individually possess ” 

This letter was one of the factors that later resulted in 
the appomtment of the Royal Commussion on scientific 
mstruction of 1871 


The House of Commons 


In 1867, the Reform Bill was passmg through Parha- 
ment, and Playfair represented to Gladstone that it 
should provide for the representation of the Scottish 
universitiss Gladstone agreed, and Playfair found 
himself approached to be a candidate He accepted 
after some hesitation, and was elected as a Liberal, 
despite the fact that the University was predommantly 
Conservative So far as he could, Playfair stood aside 
from party pohltics For the first year or so he decided 
to learn the business of the House of Commons without 
making any speeches Huis first speech was m fact made 
in 1869, and was m support of the abolition of religious 
tests ın the Enghsh universities In this matter, he held 
that the Scottish unrversities, which had long before 
abandoned such tests, were well m advance of those m 
England In 1870, his attention was switched to matters 
of postage, when. he successfully carried through the mtro- 
duction of the postcard 

Education was a very topical subject at that time, and 
Playfair was naturally called on to speak on many 
occasions Irish problems were contmually before Parla- 
ment, and one of the Bills was that for openmg Trinity 
College, Dublm, to Roman Cathohes Playfair, with his 
hberal views on religion, was a strong supporter of the 
Bil It was ultimately defeated, because ıt was hkely 
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to interfere with a larger scheme being contemplated by 
Gladstone When this latter Bill was mtroduced, ıt 
contained, some curious compromises, one of which was 
to exclude priests from lectures on philosophy and 
Instory Playfair opposed such measures on prmeiple, 
pomting out that they forced the student to be “either a 
bigot or an infidel” His opposition, against a Bull 
introduced by his own party, was so effective that he 
carried the day This caused the Government to resign 
It will be remembered that Playfair had already played a 
part ın the upheaval in the Conservative Party over the 
Corn Laws, he now caused a comparable upheaval in the 
Liberal Party Disraeh, however, could not form a 
Government, and so the Liberals went back Gladstone’s 
respect for Playfair evidently remamed, because he 
offered Playfair the office of Postmaster-General Playfair 
was just begmning to enjoy admimistermg this post when, 
early m 1874, Gladstone’s Government came to an end, 
and a Conservative Government was returned at the 
election 


Education in Science and Technology 


Outside Parhament, m 1870 he addressed the Midland 
Institute m Birmingham on his hfe-long theme of the 
imosculation of the arts and science This address was full 
of his usual good sense, coupled with his flare for humorous 
wlustration In this mstance he drew a lesson from the 
behaviour of the natives of Tahiti, who, when they 
received @ present of iron nails from Captaim Cook, very 
prudently sowed them m the ground m order to raise a 
c1op for the next season 

Playfair then made an xmportant series of speeches on 
educational matters. The first of these, m 1870, was on 
primary education In this he urged that mstruction m 
expermmental science should be more widespread ‘‘The 
pupil”, he said, “must be brought in face of the facts 
through experiment and demonstration. He should 
pull the plant to pieces and see how it 18 constructed 
he must apply with his own hand the magnet to the needle 
He must see water broken up mto its constituent parts 
and, witness the violence with which its elements unite 
one of the first lessons he must learn from science 18 not 
to trust on authority but to demand proof for each asser- 
tion All this is true education, for ıt draws out faculties 
of observation, and connects observed facts with the 
conceptions deduced from them im the course of ages, 
gives discipline and courage to thought, and teaches a 
knowledge of scientific method which will serve a lifetame. 
Nor can such education be begun too early” “Those 
who are believers ın the teaching of the great Secondary 
Schools of this country will deem my aspirations to 
improve Primary Education low and utilitarian Frankly 
I admit the latter Such a style of education will never 
1ealze Lord Brougham’s hope that the time may come 
when every working man m England will read Bacon, 
but ıt may contmbute to the fulfilment of Cobbett’s 
desire, that the time might come when every man m 
England could eat bacon’? 

Also in 1870, he addressed the Philosophical Institution 
of Edinburgh on techmecal education He concluded 
“Tt 18 for the United Kingdom to determime whether she 
desires her history to be that of a country which was 
1aised to the highest place among States by the genius of 
mighty men, though she lost that position by a blind 
1ehance on the practical empiricism of her people, or 
whether her future history 1s to be that of an enlightened 
nation which, seemg that a general diffusion of science 
and art is giving to other countries advantages ın industrial 
competition, added this mtellectual power to the practical 
aptitude of her population” 

Another of these addresses was that on teachmg univer- 
sities and examnmg boards, and was primarily directed 
towards saving Ireland from a system of State examina- 
tions at university-level He stood very strongly for the 
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system of each university conductmg its own examma- 
tions, with a mamtenance of standards bemg ensured 
by the appomtment of external exammers In this, he 
was surely right 

A particularly ımportant speech was that on univel- 
sities in thew relation to professional education, which 
he made to the St Andrews Graduates’ Association m 
1873 This contains the passage 

“Our Latin and Greek education still goes on, though, 
for its practical uses, 1b 1s as much a survival as the two 
buttons behind our coats are survivals of the tume when 
the shts and flaps of our ancestral coats had to be buttoned 
away Their existence survives ther utility Medical 
men no longer write or speak Latm and yet a fourth of a 
professional man’s hfe ıs spent in the venerable deception 
that ıb ıs mdispensable to hm . If liberal culture be, 
as 1t should be, a part of professional traming, then the 
culture should be made to bear directly on the traimme, 
and not remam a mere survival of an education that 1s 
only known to us m history New professions are arising 
around, but for these our old universities make no pro- 
visions, and old professions have completely changed 
their aspects, yet the schools and colleges remam as of old 
Perhaps the most robust men of our time have been om 
engimeers and mechanicians, for they have given more 
impulse to civihzation than any other class of men. But 
I look m vam for a single representative man among our 
Telfords, Watts, Stephensons, Arkwmghts, Wedgwoods, 
whose intellect was nurtured on ancient classical learnmg, 
or who could find anything m school life to aid the develop- 
ment of therr genius’. . If liberal culture be, as it should 
bo, a part of professional traming, then the culture should 
be made to bear directly on the training, and not remaim 
& mere survival of an educational condition that 1s only 
known to usin history . And yet our Prime Mimuister, 
Mr Gladstone, and Home Secretary, Mr Bruce, make . 
orations on the same day, tellmg us that the old classical 
system 1s that which 1s best fitted for mental culture, 
under all conditions ” 

Reviewing the results of all his efforts for technical 
education, Playfair m the late ’eighteen-eighties could 
point to promising progress “I now feel that this work 
may be left to younger men, but I hope that they will 
not take their hands from the plough till England has 
adapted ıts system of education to the changed condition 
of competition.” 


The ‘Playfair Scheme’ 


The fall of the Liberals and the advent of a Conservative 
Government m 1874 did not reduce official demands on 
Playfair’s tume Disraeli asked him to be chairman of a 
Commussion to reorganize the Civil Service This Com- 
mussion reported m 1875, and was the origin of the ‘Play- 
far Scheme’ which divided the Civil Service mto two 
divisions, the upper of which was to be recruited by 
highly competitive examimation at university-level, and 
the lower of which was primarily clerical This made 
Playfair extremely unpopular with the clerical side, but 
hus scheme has essentially survived to the present time 
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In 1876 Playfar was on another Royal Commission, 
this tıme on the Scottish universities. 

When the Liberals returned to power m 1880, Playfau 
was offered the post of Chief Whip; but he did not feel 
adapted for this kınd of duty, and so he dechned He 
did, however, accept the office of Chairman and Deputy 
Speaker of the House of Commons, and this led to the 
most troubled period of hus career It was, m any event, a 
remarkable post for any man of science to fill, but m 
addition, 1t happened that this particular tıme was about 
the stormiest m Britain’s entire history of Parhamentary 
Government The basic trouble was the unsatisfactory 
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state of affairs m eland, which led the Irish members 
into a policy of concerted obstruction to all parhamentary 
procedure It was an extremely difficult tumme for the 
Speaker It was even more difficult for Playfair. who 
had to deputize for the Speaker, frequently long mto the 
next day, but without quite having all that authority 
which the Speaker by tradition possessed, and in the face 
of deliberate Irsh tactics directed towards exhausting 
whoever was in the chair There were rules for dealing 
with obstruction m Parhament, but these had hitherto 
appled only to individual members It became necessary 
to extend them to cases of members acting in concert, 
and during 1881 the Speaker himself suspended twenty- 
eight Insh members en bloc In July 1882, Playfair was 
m the chair when after nmeteen hours’ debate on a smgle 
clause of one Bill, leadmg men of both parties pressed 
hım to close the discussion by suspending the obstructing 
members After detailed warnings, Playfair then sus- 
pended sixteen members ‘This action imexplicably 
brought widespread, criticism, even though he had acted 
strictly accordmg to procedure Some thought that he 
had been, too lenient, others too strict, probably everyone 
concerned was very much out of temper with the way 
things had been going, and irrationally blamed Playfair 
as the man m control, even though the sanctions that he 
had at his disposal were quite madequate for the task 
Playfair was very unhappy, and resigned shortly after- 
wards It ıs perhaps possible that someone with a very 
strong personality might have been able to exert a greater 
control than Playfar The abiltty to control unruly 
audiences seems to require some imdefinable personal 
quahty Playfair, when dealing with the rioters ın Lanca- 
shire, showed that he had this quahty to an unusual 
degree, and if he was unable to control Parliament m 
these particular circumstances, 1t 1s most likely that most 
other men would have fared even worse In any event, 
the mncident made such an impression that the circum- 
stances were never repeated, m fact, the men who were 
afterwards most enthusiastic about Playfair’s patience 
and umpartiality were the very Insh members whom he 
had suspended 

Despite his retirement as chairman, he contmued to be 
active m Parhament In 1883 he successfully repelled a 
determined attack on the Act regarding vivisection, which 
had been carried through Parhament by him m 1876 
This Act brought vivisection under control, and made 1b a 
condition that no animal should be the subject of a painful 
experiment without havmg been previously anzesthetized 
The opponents of the Act wished to ban vivisection 
altogether, but Playfair’s powerful defence, on the 
grounds of the value of controlled vivisection to mankmd, 
entirely saved the Act Another attack, also in 1883, 
was on compulsory vacemation, here the Government 
were so worried about the outcome that the Cabinet 
decided to make the matter one for an open vote Here 
again, Playfair’s rational defence of compulsory vaccima- 
tion was so much more convinemg than the emotional 
arguments of his adversaries that he carried the vote 
with an overwhelmmg majority despite the o1iginal 
misgivings of the Cabinet 

Playfair was elected president of the British Association 
for 1885, and took as the subject of his Presidential Address 
“Science and the State? For an appreciation of this 
address, seo Nature, 200, 7, 1963 

Towards the end of Gladstone’s second Government, n 
1885, Playfan became aware that Gladstone mtended to 
introduce a Bull creating a Mimister for Scotland Playfair, 
who was proud of the record of Scottish education, was 
against the separation of Scottish affairs under a separate 
Minister His opposition was all the greater because this 
would involve the severance of English from Scottish 
education “Ths I highly disapprove”, he said, “as I 
think ıt will be rumous to Scotch education” Huis pomt 
appears not to have been so much any beneficial effect on 
Scottish education that might be gamed by followmg an 
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Enghsh example, as the fact that attempts might be made 
in Parhament to brmg the Scottish pattern more mto hne 
with that m England if Parhament felt that the Scottish 
differences were bemg protected by a Scottish Secretary 
This may appear paradoxical, but Playfair presumably 
had much parliamentary experience behind his views 
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Vice-president of the Council 


Playfair evidently felt very strongly on the matter, 
because he decided not to stand as a Liberal candidate for 
the Scottish universities again, smce he felt that even his 
Liberal supporters were not united on this umportant 
educational pomt Instead, he stood, still as a Liberal 
candidate, for South Leeds, which was predommantly a 
working district The Liberals suffered a setback gener- 
ally ın the election, but Playfar himself fought a very 
successful campaign He appears to have addressed the 
working men practically as his intellectual equals, and they 
appreciated it Gladstone, when formmg his third 
Government in early 1886, offered Playfair the post of 
vice-president of the Council, the holder of this post was 
effectively the Minister of Education In this office, 
Playfair carried through a Bull for the reform of the medical 
profession which gave, incidentally, direct representation 
to the great body of medical practitioners on the General 
Medical Council Gladstone’s Government fell m 1886 
again, on the Home Rule Bul for Ireland On this issue 
Playfair firmly supported Gladstone ın his belief that 
home rule ought to be grven Playfair himself was agam 
returned, for South Leeds, but the Conservatives came into 
office under Lord Salisbury 


Celebrations 


The followmg year was the Golden Jubilee of Queen 
Victoria; Playfair, as a Privy Councillor, witnessed much 
of the proceedmgs In 1887 there was also a major 
celebration of the Declaration of Independence m Fhia- 
delphia, the Americans were anxious to have Britam 
represented at their celebrations in Philadelphia, and 
they invited Gladstone and John Bright Neither of 
these men could go, and so Playfair went as the repre- 
sentative of the United Kmgdom As we would expect, 
Playfair’s speech was excellently fitted to the occasion 
He had to reply to the toast of “England, our Mother 
Home” The speech is too substantial to report at length 
He rephed, he said, ‘“With confidence, because England 
and the United States now know that they are the chief 
guardians of political hberty and constitutional Govern- 
ment throughout the world, and that they ought to be 
linked for ever more by the bonds of friendship and 
kinsmanshrp”’ 

Later, on the same visit to the Umited States, he had 
the duty of presenting to President Cleveland a memorial 
in favour of a treaty of arbitration between Great Britain 
and the United States, signed by 233 members of the 
House of Commons, and origmally prompted by the 
Peace Society of Working Men 

At home, Playfair’s measures were as practical as ever. 
In the same year, 1887, he carried through a Bul which 
for the first tıme legalized the sale of margarme as a 
substitute for butter 

There was an election in 1892, which resulted m the 
return of the Liberals, Playfair again won South Leeds 
Gladstone, himsolf an octogenanan, had regretfully 
decided that he would have, ın the face of public opimion, 
to shed some of the older of his colleagues, he thereforo 
did not invite Playfair back to office, but offered him 
a peerage as a mark of appreciation Playfair accepted, 
and became Baron Playfair of St Andrews Even 
though he was now seventy-four, his public work con- 
tinued He was appointed a Lord-m-Waitmg to the 
Queen He had to refuse the chairmanship of several 
further Commussions, because his time was already full 
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with the Aged Poor Commission, and with the work of the 
1851 Commission 


Tension with the United States 


In 1895, Playfaw’s good relations with the United 
States were put to a severe test At that time, there was a 
border dispute between Venezuela and British Guiana 
In the disputed area which both countries claimed, the 
Venezuelans had granted concessions to various United 
States nationals As a result, the United States was 
drawn into the dispute, and President Cleveland, the 
same President to whom Playfair had only a few years 
before carried the Memorial of Arbitration, issued what 
was in effect an ultimatum to Britam He announced 
that he himself would set up a Commission and mpose 
its solution on Britam, if necessary by force of arms 
This outburst, which appears to have been quite unwar- 
ranted, produced a severe shock Feelmg both ın the 
United States and m Britain mounted towards the stage 
where war might break out In these circumstances, 
Joseph Chamberlam, the Foreign Secretary, appealed to 
Playfair to act as mtermediary This was a tellmg com- 
plment to a man who was at an age normally beyond 
that of active politics, and who was not of the same 
party as the Government ın power Playfair opened up 
a channel of contact through the American Ambassador 
in London, with whom he was on good terms Feeling 
on. both sides accordingly relaxed, and Chamberlam was 
later able to take over the personal contact made by 
Playfair, and ultimately a friendly solution was reached, 
in which the official arbitration confirmed the British 
claims 
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The 185] Exhibition Scholarships 


In 1890 Playfair’s work with the Royal Commussion of 
1851 produced another result of lastmg value Working 
on & scheme drawn up by Su Norman Lockyer [first 
editor of Nature], Playfair’s committee proposed to 
mtroduce a scheme of scholarships to be supported out 
of the remaining profits of the Exhibition Writing of 
this scheme, on his retirement from the office of chairman 
of the Science Scholarships’ Commuttee m 1896, he 
emphasized the prospective benefits that these might 
brng ‘Suppose, for instance’’, he said, “by this system 
one great discoverer hke Faraday or Stephenson were to 
appear among the young scholars thus encouraged by 
£150 annual grants, a gift would have been presented to 
this country which would have been cheap had the nation 
contributed a million sterling to his production” Even 
while he was writing, this prospect was bemg fulfilled 
for in 1895 one of the scholars so appomted was Ruther- 
ford Simce that time, the record of the 1851 Exhibition 
Scholars has been one of the most remarkable m science 


The Victoria and Albert Museum 


The 1851 Scholarships were not quite the last mark that 
Playfair left on the welfare of Britain In the Diamond 
Jubilee Celebrations of 1897, there were many projects 
suggested as the best way of commemorating ıt Having 
first ascertamed that the Queen was favourably melimned, 
he wrote to The Times suggestmg that one last aspect 
of the 1851 Exhibition had not yet been fulfilled Tus 
was to set up a fitting and permanent museum ın South 
Kensington to house the science and art collections 
inaugurated by the Exhibition itself Playfair had chosen 
the nght moment to strike, and his letter produced a 
general response Parlament was mduced to grant 
£800,000, and on May 17, 1899, the Queen laid the founda- 
tion stone of the new building, henceforth known as the 
Victoria and Albert Museum 


Epilogue 
But before this came about, Lyon Playfair had quietly 
died on May 29, 1898, eight days after his erghtieth birth- 
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day. The place that he had made for himself m his 
country’s service has never since been quite filled For 
although a few other men of science have played important 
and distinguished parts m Government, and although we 
are thinkmg earnestly about the part of science m Govern- 
ment to-day, no man of science other than Playfair has 
risen through regular pohtical means to a position of 
pubhc responsibility such as he had 

It may be worth remarking here that Playfair might 
never have been m Parliament had ıt not been for the 
creation of the Scottish university seats, he might thus 
have been lost to Parhament had he lived to-day When 
we recall the distmguished service that he himself and 
others gave through entermg Parhament m this way, we 
may well regret the abolition of the university seats in 
the British Parhament If ıt 1s considered undemocratic 
to give university graduates two votes, could we not 
re-establish the university seats, and give each graduate 
the option of usmg either his university or hus residential 
vote? In this way, we would make it easier for men to 
follow Playfair’s example of transition from academic to 
parhamentary life, without offending the most doctrmaire 
democracy 

Playfair’s own notes about his hfe were written, he 
said, partly “that they may form some encouragement to 
others who, hke myself, have had m early hfe few friends 
and no influence, to belreve that thew future position 
depends upon themselves, and not upon their surround- 
ings” That he had great ability ım science ıs obvious 
from the attitude of Faraday and other men of science 
towards him, he could, had he been less mterested m 
humanity, have continued ın a happy and distinguished 
research career But the humane personality that enabled 
him “to walk with kmgs nor lose the common touch’, 
equally at ease either discussmg the 1851 Exhibition 
with the Prmce Consort or parleymg with the rioters of 
Lancashire, led him to the view that science m isolation 
was not enough Although he longed for the laboratory, 
his sense of public service led him on to one Royal Com- 
mussion and enquiry after another Universities, schools, 
margarine, postcards, vivisection, vaccmation, water 
supphes, Buckmgham Palace, herrmg fisheries, mme 
explosions, coal for the Navy, cattle plague, the Civil 
Service, the 1851 Exhibition, sanitation, famme m Ireland, 
the aged poor all these and others he tackled with energy, 
humanity, insight and common sense Invited arbitra- 
tor between men and management m the mines, he stood 
in the gap at a critical time between his own country 
and the United States 

He was not the only man of his time to see what science 
and technology could do for civilization, nor was he the 
first He may be held fortunate to have encountered 
great men like Peel and Prmce Albert, who recognized 
his own greatness early enough for his qualities to be 
used to the full m his country’s service Hoe himself 
modestly charactenzed the Playfairs as followmg “‘occupa- 
tions requirmg solid, but not brilhant bran power” 
But he had far more than that He broke through all 
the barriers of learning, society and pohties to take a 
unique place in British history, and he used to the utmost 
the opportunities that he thereby earned for the advance- 
ment of science and the welfare of humamty. What he 
did has m many ways made better the fortunes of each 
one of us to-day What he stood for, a century ago, 1s 
still a fresh mspiration 
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INVESTIGATION OF NON-RECURRING PHENOMENA 
THE RESEARCH CINEMA FILM 
| By E. R. SORENSON and Dr. D. C. GAJDUSEK 


National Institute of Neurological Diseases and Blindness, National Institutes of Health, 
Bethesda, Maryland 


PERIODICITY ıs often a matter of crucial mterest 
and concern to science Investigators m many 
disciplines, faced with the fact of non-recurrence, or their 
mabilty to recreate phenomena in which they are mteres- 
ted, are confronted with the problem of recording, preserv- 
mg, and retmeving data on non-reproducible events for 
future study The astronomer studymg unique celestrial 
events, the physicist turning his attention to the dynamics 
of Brownian movement, and the biologist happenmg on 
anomalous or passing speciation are no less concerned 
with the data of such events than the physician investigat- 
ing individual patients or new diseases, the anthropologist 
investigating disappearmg cultures, and the historian 
trying to reconstruct the past Simuarly, the analysis of 
the flight of a costly rocket or satellite, or the critical test- 
ing of machines and structures to ther breaking point, 
often pose problems which, because of expense m time, 
effort, and materials, are often best treated as though they 
were non-reproducible In our own work on the pro- 
gramming of the human nervous system of unique sub. 
jects, we often wish to review brief episodes of the program- 
mung process which cannot be fully re-created- 

Essential to retrospective investigation of such events 18 
an accessible, reliable record from which data of the 
original, not to be repeated, occurrence can be preserved 
and retrieved to re-create, in part at least, the lost pheno- 
menon We have, therefore, turned to two potent 
recordmg tools, the motion picture camera and sound 
recorder, to devise a method of preparmg such records, 
where hght and sound recording are appheable Although 
the desirability of such preservation of omgmal exposed 
film has been obvious to many, the cost, tume, and urge to 
edit have repeatedly resulted ım irredeemable loss of 
valuable data, through disorganization of reel and sequence 
identification, derangement of the original tıme sequence, 
and discarded footage We suggest here the possibilty of 
avoiding these difficulties and of maximally preserving 
the basic data ın the origmal filmed record for future 
investigative use We are reporting elsewhere the 
detaded method of handhng raw footage to create the 
research cinema, film‘ 


Data from Non-recurring Phenomena 


That preserved data from non-recurring phenomena 
cannot serve in leu of the actual events for rigorous scien- 
tific study 1s obvious Neither manipulation of variables 
nor expermmental verification 1s possible Yet, historical 
records have often been & vital source material for otherwise 
unobtainable data on past events and have served to 
imtiate new avenues to scientific enqury Hypotheses 
and ideas derived from such survey of historical records 
may direct systematization of observations and the 
discovery of new relationships, they may determine the 
course of experimentation, and their further elaboration 
may then proceed hand in hand with the controlled 
laboratory investigations Darwin’s observations and 
unpressions durmg the voyage of The Beagle imspired his 
theory, a concept making possible more definitive 
investigations By reference to accumulated records of 
past observed positions of the Sun and planets, Copermicus 
made his discoveries Sumularly, perusal of records per- 
sonally collected or held by libraries, archives, or museums 
provides the basis from which theoretical constructs and 


methods of their validation emerge ın such diverse subjects 
ag astronomy, geology, archzology, paleontology, ecology, 
anthropology, medicme, etc In particular, ongmal tacks 
and new directions ın expermmental investigation can be 
the result of perusal and reflexion on a mass of accumu- 
lated data of the past In astronomy, accurate historical 
records of celestial observations, carefully identified m 
time and place, are the material sine qua non for mspirmg 
and testing many theories Only the accumulation of a 
mass of such records for study permitted the discovery of 
the underlying periodicity m many celestial phenomena 
and the amassing of the body of mterrelated data 
now comprising astronomy The inception of the 
theory of relativity ultumately depended on this same 
record 

The lyophilized or frozen storage of microbial strans 
from past epidemics provide living tools for the study of 
virulence, pathogemeity, and other genetic traits Once 
these are lost, they are as definitive a loss as the extinction 
of species of higher anmmals One may affirm that the 
preservation of the virus responsible for the 1918 mfiuenza 
pandemic or that of the mfectious disease antecedent to 
von Eeconomo’s encephalitis nm Europe ın 1918-20 would 
have been a more valuable contribution to modern know- 
ledge than any examination of the agent performed then 
or in the interval Sero-epidemiological studies supplying 
the data for charting, investigating, and predicting disease 
patterns make use of a file of blood sera which cannot be 
reproduced, by re-bleeding the populations ın question at a 
later date The value of the serum file mcreases with time, 
the more so with increasingly accurate and detailed docu- 
mentation of the subjects and their ecological setting. Uses 
not envisaged at the tame of collection become possible 
with technical advances m the laboratory 

Specific antigens, such as blood group antigens from 
mummies, may be identified m properly preserved dred 
or frozen biological materials Pollen grains may be 
identified ın lake sediments or burial remams, and examuin- 
ation of ancient bones and teeth can reveal much about the 
nutrition, diet, and disease patterns of ancient peoples 
Thus, archeology, paleontology, and anthropology draw 
on records of excavations, explorations, and labelled 
museum collections without which much of our knowledge 
of the development and evolution of life and man would 
not be possible 

Much of linguistic science depends on historical records 
of contacts and shifts of peoples, and on the written 
records of languages no longer spoken If most of the 
writings of the Mayas had not been destroyed by the 
zealous conquistadores and, mstead, had been preserved, 
we would very likely long ago have been able fully to 
decipher the Mayaglyphs, with all the »mplications to the 
studies of hnguistics, anthropology, and the human mmd 
which the unravellmg of ths apparently independently 
origmated written language would entail 

Stored matenals most useful are those which permit 
new analysis or measurement of specimens or re-analysis of 
data from the past The collections of lbraries, archives, 
and museums provide much of the material needed for 
such mvestigation, and from them ıt 1s possible to create 
sufficiently precise new theoretical constructs to suggest 
further methods of validation, as m the use of dendro- 
chronology or carbon-dating to verify the age of objects m 
museums or in situ 
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In our effort to record the language, 
movement, and other actions of children 
m primitive cultures, and the influences 
which determine this behaviour, we turned 
to the motion picture camera and sound 
recorder to capture and preserve data for 
later study We needed a method to 
permit review of brief episodes in the 
programmung of the human nervous system 
and to provide data for the delineation of 
the various cultural and environmental 
forces producing this programming We 
have been very concerned with preserva- 
tion of information on child development 
available from the now rapidly disappeai- 
ing unique, isolated, and divergent primi- 
tive cultures, a concern confronting us 
dramatically with unreproducible events 
and non-recurring phenomena Our 
methods of handling cinema records are, 
however, applicable broadly? 

From, entertaining a fantasy of having 
cinema records from the travels of Xeno- 
phon, Marco Polo, Cortez, Captain Cook, 
and Darwin, among others, we have come 
to realize that we would want, in addition 
to the photographic records, extensive 
documentation of other kinds, such as 
associated field reports, journals, diaries, 
logs, tape-recordings, maps, studies, speci- 
mens, or other pictures Furthermore, we 
would hke to have a way to relate the films 
to other occurrences and thei preserved 
records The most convenient way to do 
this is by tıme, place, and subject 1dentafica- 
tion, the precision of which largely determ- 
ines the extent to which the filmed record 
can be related within itself and to other 
records We would certamly want to have 
preserved all the cinema footage exposed, 
rather than that selected and edited 
according to the interests or tastes of the 
time, and we would want to know what 
interests governed the use of the camera 
The names of the filmers of each section 
of the research film are also important, so 
that ther filming habits can be recog- 
mized and taken into consideration when 
attempting to evaluate the filmed record 

Film, more easily than most other 
types of records, can become the source 
of mformation and observation unfore- 
seen by the filmer The camera, even 
when aimed at specifically chosen material, 
mvariably picks up, unapprehended and 
unanticipated, mcidental surrounding 1m- 
formation which we may neither under- 
stand nor recognize at the time Review 
of such data can be the basis for 
uncategorized, mntuitive impressions supplying the clues to 
fruitful avenues of enquiry Fleeting situations can be 
captured on film for leisurely review at a more propitious 
time, the speed of motion of the photographic record can 
be modified as needed, as ın time-lapse photography or 
high-speed motion pictures, and random use of the 
camera can yield records of information which we 
have not yet attempted to appercerve, recognize, or 

evaluate 

In order to explort fully these virtues of the camera, we 
have developed the research film as a cmemea record of 
discrete occurrences, cross-filed with related data, m which 
the ongmal time sequence of the filmmg has not been 
disrupted or altered, the subject-matter of concern to the 
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1 Flow chart showmg steps in preparation of research films 


filmer has been identified ın time, place, and person, and 
the professional bias and mterests of the filmer and sponsor 
have been indicated 

Technique for Research Film Production The begin- 
ning and end of each film are governed by the nature of 
the subject and the amount of film taken Large amounts 
of footage from a smgle tame and place related study or 
survey are divided mto parts not more than 1,600 ff m 
length (in the case of 16-mm film), for the sake of con- 
venient storage, and natural divisions are used as much as 
possible ın determining the beginning and end of each part 
The original exposed reels of film are developed, spliced 
together, and copied ın & work print The work prmt 1s 
reviewed to check the accuracy of order, and technically 
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unusable footage, such as that unexposed, totally hght 
struck, or decomposed, is cut out. 

The maim title of the film meludes the name of the event 
or subject under study, precise and detailed geographic 
identification, the purpose of the filmmg, and the dates or 
tames covered by the film. Preliummary credit titles show 
the disciphnary bias, names of filmers, and sponsorship 
Major subdivisions of the research film are mdicated by 
appropriate titles which signal changes m time, place, or 
subject sought by the filmer, they are determined by the 
filmer while reviewing the work prmt, on which he marks 
their intended locations. When these titles have been com- 
posed and photographed, the work print 1s used as a guide 
for mserting them into the original footage 

Unusable footage, previously cut out of the work print, 
1s also removed from the origmal, and corrections m time 
sequence are made, ın the event that some sections were 
inadvertently out of order A projection print 1s copied 
from the trummed and titled origmal, and a magnetic 
recording stripe 18 put on to one edge The original 
research film is then permanently filed in a film storage 
vault, and the copy for viewing 1s placed ın a research film 
archive, after the filmer has narrated comments from 
memory or notes or transferred any synchronously 
recorded field sound on to its magnetic sound stripe 

Information giving background to, or revealing mfluen- 
ces affecting, the behaviour of the specifically pictured 
subject are recorded on the sound track. o sound track 
may also serve to alert the viewer to immment material 
which may otherwise pass before notice can be made 
Unusual names or terms mentioned m the sound track 
also appear ın the titles. Maximum identification 18 
sought, and, whenever the identifymg material 1s too long 
to be handled in titles or the sound track time 1s too brief 
to contam. the needed additional mformation, appended 
typescripts or charts are keyed to the appropriate sections 
of the film by reference to the title covering the section or, 
when necessary, more precisely by the edge or frame 
numbers In accompanying note-books, field journals, or 
logs, data relating to the filmmg and the subject-matter 
are preserved at greater length, and the mterests guiding 
the camere are further revealed 

Special Films One of the mmportant uses of the research 
films will be to provide the material for special purpose 
documentary, scientific, demonstrative, or educational 
films, without disrupting the origmal research film 
document Indexing and edge-numbering the research 
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film make ıt possible to select and locate the needed 
sequences If the originally made work print has not 
already been cut and used for such special showmg, 1t may 
serve as the work print for the planned special film 
When the value of the special film is such that many 
copies are desired, a prmting master of the appropriate 
footage can be made from the origmal film and assembled 
with whatever other material might be requred From 
this printmg master the desired number of special film 
copies can be made 

In the profession of motion pictures we discovered 
ummense pressures stemming from the traditional uses of 
motion pictures for specific scientific investigation, educa- 
tional purposes, or for promotion or entertamment, which 
tended to direct all film endeavours, including those of 
science, into diversionary, didactic, or documentary pro- 
ductions The paraphernalia and methods of the mdustry 
were orgamzed to demonstrate particular attitudes, 
beliefs, or desires from specially ordered observation, or to 
fabricate ulusion through the reorgamization of realistic, 
credible mages However, m spite of the greater coherence 
and smoothness of presentation of carefully edited and 
reorganized film, ıb became increasingly clear, as we 
developed our research film method, that no cutting, 
rearranging, abstractmg, or correlating of scenes from 
original footage would be permussible in research films 
and, mm particular, the time sequence of the origimal 
footage could not be disrupted The research films were 
to be neither a summation of mformation, a demonstra- 
tion of a conclusion, nor the mposition of an already 
structured idea or system of knowledge, but rather a 
source of material for viewers with mvestigative interests 
in events of the past Contrary to the production of 
usual motion pictures, the work on preparing research 
films ıs principally that of extensive identification of 
subject-matter ın 1ts original time sequence and correla- 
tion of the filmed data with other associated material 
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LIFE ON MARS 


By Dr. D G REA 


Space Sciences Laboratory, University of California, Berkeley 4 


N 1954, de Vaucouleurs! wrote, “As for the idea, so 
often expressed, of a different kind of hfe adapted to 
such conditions (that 1s, on Mars)—-what might be termed 
a ‘generalized life’—i:t remains to a large extent beyond 
the realm of positive science”’ 

This approach does not seem to have had much appeal, 
and most authors smece then have stressed the positive 
aspects, generally overlooking contradictory observations. 
Indeed, the reader would undoubtedly conclude that 
various observations of Mars indicate considerably better 
than an even chance for the existence of hfe there My 
opimon is that the evidence has been distorted and that 
a re-examunation 1s required An examination of the 
scope necessary will not be undertaken here, rather only 
a few observations intended to illustrate this point will 
be presented 

The observational arguments for the existence of 
Martian life are (1) the various colours, including green, 


exhibited by the dark areas, (2) the seasonal changes in 
the visual albedo and polarization of the dark areas, (3) 
the ability of the dark areas to regenerate after an exten- 
sive ‘dust storm’; (4) the presence of 2,700-3,000 cm-t 
‘absorption’ bands, attributed to organic molecules 

It has been shown recently that the last, most recent, 
point 1s at least doubtful? The argument on the basis of 
the colours 1s also inconclusive Kuper’? demonstrated 
the absence of the near infra-red reflexion maximum, 
characteristic of most green plants, imdicating that 
chlorophyll was not responsible for the colour In this 
context Sinton has noted that this does not exclude 
chlorophyll smece there may be present other pigments 
absorbing the near infra-red radiation This would 
actually be expected smce any Martian plants would 
probably evolve mto forms reflecting the barest mmmum 
of the sparse solar radiation available It has been sug- 
gested by many workers that the colour is a contrast 
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effect with the bright reddish continents The meagre 
quantitative data have been discussed by Opik*, who has 
reduced photometric observations of Kozyrev on the very 
dark area Syrtis Major to mtrinsic reflectivities by factor- 
ing out the estimated atmospheric attenuation and 
reflectivity. 

The result 1s that this area is bluer than a continent, 
but its colour 1s still reddish His reduction 1s question- 
able smce he assumes the surface-scattermg properties 
to be similar to the Moon ın the sense that the disk would 
be uniformly bright if no atmosphere were present In 
fact, quantitative studies by Dollfus: show the surface to 
have reflecting properties ın orange lhght mtermediate 
between lunar and Lambert surfaces However, the 
qualitative conclusion that Syrtis Major hss a red tint 
seems reasonable While these considerations all weigh 
against a chlorophyll-based plant life, the hchen systems 
suggested by Kuiper (but criticized by Salisbury) can 
satisfy the observed colours, real or imaginary The 
broad-leaved plants envisaged by Salisbury must have a 
chomical composition completely unhke any such ter- 
restrial species, but this ıs to be expected The significant 
pomt ıs that there 1s no positive colormetric evidence 
pomting to forms of vegetation with which we are familiar 

The second and third arguments remain the most 
cogent, but the second loses some of 1ts allure when one 
considers the severity of the Martian climate Focas’ has 
photometered several dark regions on Mars from plates 
taken over a Martian year All reveal a seasonal change 
in the albedo with a distinct darkening wave moving from 
pole to pole with the seasons An area showing one of 
the greatest seasonal changes 1s Depressio Hellespontica, 
located at about 60°-65°S latitude Now the temperature 
at this location, according to the data of Lampland as 
reduced by Gifford’, reaches a maximum of — 23° C for 
the southern summer ‘This temperature has an uncer- 
tamty due, among other factors, to the assumptions that 
the surface radiates as a black-body and the atmosphere 
is transparent The latter ıs reasonably valid for the 
8~13-u terrestrial window used for the observations, but 
the first has been questioned by Opik, who believes the 
emissivity to be closer to 0 75 than to 1,“‘ by analogy with 
terrestrial substances” The net effect is to raise the 
Martian temperatures by about 6 per cent, that 18, 
about 18° C, making the environment more hospitable to 
life Actually there are few data in the literature on the 
emissivity of terrestrial surfaces, but at least one report® 
indicates that the emissivities are higher Even accepting 
this low emissivity and possible systematic errors, 1t seems 
unhkely that the summer temperature of Depressio Helles- 
pontica could be raised to 0° © Accepting this, and 
knowing the uninvitmg composition of the atmosphere, 
it appears highly improbable that any hfe, based on water 
as solvent, can exist in this region with the activity 
necessary to explain the darkening variations Schemes 
can no doubt be envisaged to circumvent these objections, 
but they must surely be very special If a non-life 
mechanism must be invoked to explain the seasonal change 
of the albedo for this one dark area, ıt 1s reasonable to 
assume it ıs applicable to the other dark regions and 
that this property cannot be used as an indication of 
hfe, even at the equator where the temperatures are more 
equable 

Together with the seasonal change ın the albedo a con- 
current variation m the visual polarization has been 
observed by Dolifus*-" For the autumn and winter 
seasons in a particular hemisphere the polarization of the 
corresponding dark areas has a negative minimum of 
about — 0 012 at a phase angle of 11°, and then increases 
with a value of 0 0 oceurrmg at 25° In the spring and 
summer the dependence of the polarization on phase angle 
changes so that for the maximum difference, ın late 
spring, the mimmmum polarization 1s —0 015 at a phase 
angle of 13°, and the zero point occurs at a phase angle of 
30° The shift in the polarization curve cannot be due to 
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atmospheric effects but must arise from changes in the 
surface Dollfus says this must be a change ın the surface 
texture which im turn is most hkely due to the prolifera- 
tion of highly coloured micro-organisms when the water 
vapour from the sublummg polar cap reaches a particular 
area Attempts to duplicate the Martian behaviour using 
terrestrial biological samples on inorganic substrata were 
unsuccessful, but this 1s not a strong counter argument 
since life-forms are highly adaptable and would pre- 
sumably differ on Mars from terrestrial ones 

However, there does not seem to be justification for 
relying so heavily on a lfeinterpretation If the argument 
on the seasonal albedo variation ıs accepted then pre- 
sumably an morganic interpretation must also be found 
for the polarization variation Two possibilities based on 
the very extensive laboratory work of Dollfus!® can be 
suggested First, it ıs not necessary to invoke a change of 
texture to explain the change m the polarization curve 
If the surface material becomes more absorbing in the 
spring then both the albedo and polarization will change 
in the manner observed Although no surtable mechan- 
isms have been proposed to produce this darkenmg, the 
possibilty should not be overlooked Secondly, a change 
m surface texture in which the surface becomes rougher 
will also explain the data Dollfus has demonstrated such 
a difference between samples consisting of the same small 
particles but where one has a smoothed surface and the 
other a surface roughened by stirrmg He concludes that 
the agglomeration of particles into larger entities mereases 
the multiple reflexion of light m the surface and shifts 
the polarization curve In the case of Mars, the surface 
could be roughened by the removal of small loose particles 
by appropriate winds The material remammg would 
then be small particles partially cemented together into 
larger particles, perhaps simular to the “fary castles’’ of 
Hapke and van Horn?! 

The rejuvenation property of the dark areas 1s one 
aspect which can be basieally accepted as pertinent, 
although, as Salisbury has poimted out, a hechen cover 
would not be expected to behave in this manner Higher 
forms of plant hfe such as Salisbury favours would 
possess this property 

While certam observations seem to favour life, others 
are very difficult to explain by this hypothesis The 
normally bright region Hellas was dark during the 1954 
opposition but returned ın 1956 to its position as the 
second brightest area on the planet, only the polar caps 
exceeding it in reflectivity", Any form of plant lıfe 
which, under Martian conditions, can so rapidly expand 
over and then retreat from an area of 290,000 square miles 
must be truly unique Other non-seasonal changes in 
the extent of the dark and bright areas are equally 
difficult to explam by a hfe hypothesis x 

As an alternatıve to the mterpretation of life on Mars, 
I prefer an inorgamic explanation based on ideas of 
McLaughlin! and Kuiper!® Assuming volcanoes, both 
active and dead, and suitable winds, the phenomena can 
be mterpreted in a reasonably consistent manner Thus 
the temporary darkening of Hellas would be ascribed to a 
film of voleanie ash produced by an active volcano just 
prior to the 1954 observations This voleano then became 
passive and the winds proceeded to scour the area (Mc- 
Laughlin considers it to be a Ingh plateau since “rt 18 
often snow-covered, and m winter forms a vast extension 
of the polar cap down to latitude 30°’), restorimg 1t to its 
previous brightness Other non-periodic changes would 
be explained mm like manner, volving appropriate com- 
binations of volcanic ash, lava and wimds 

The regenerative feature according to Kuiper 1s then 
achieved by atmospheric circulation Presumably this 
mvolves dust being blown on to the dark areas (postulated 
by Kuiper to be lava and not ash) durmg the late summer, 
autumn and winter, and then removed during the spring 
Opik objects to such an imterpretation, his principal 
argument bemg that radiometric and polarimetric meas- 
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urements mdicate that “‘the soil of the dark areas seems 
to be of the same gramy nature as that of the brght 
areas” This is not convinemg, since volcanic lave can 
have optical and thermal properties which are not dis- 
similar to those of the dark areas—simularity of certam 
optical and thermal properties for two materials does not 
guarantee that they are of the same nature Opik also 
states that the presence of hfe ıs indicated by the perman- 
ence of the dark markings in spite of the numerous 
extensive dust storms. Without a regenerative property 
“durmg milhons of centuries the dust storms would have 
covered the entire planet with a deep layer of dust i 
The significance of this statement 1s decreased by his 
acceptance of a surface which has a non-uniform elevation 
(also see Dollfus!) This ıs mtended not as a complete 
treatment of the voleanic-wind model but as an indication 
of ıts real possibilities Iam melined to favour ıt, although 
not rejecting the mterpretation of hfe on Mars 

The question of hfe on Mars has mtrigued scientists for 
decades Owning to the possibility of bemg able to verify 
directly the life hypothesis m the very near future ıb 18 
becoming a subject of widespread study One approach 
is to determine if certam terrestrial organisms can exist, 
perhaps ın a modified form, m the Martian environment 
Workers in this field have been encouraged by the recent 
positive identification of water vapour in the Martian 
atmosphere!?8 The second approach 1s to mnvestigate 
whether the various observed Martian phenomena suggest 
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that life exists there. It ıs to this area that the present 
article 19 addressed On the basis of this brief discussion 
1t 18 suggested that the hfe interpretation ıs very tenuous 
and that imorganic mterpretations be given greater 
credence 


This work was supported by National Aeronautics and 
Space Association grant NsG 101-61 
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PROPOSAL FOR AN EDUCATIONAL RESEARCH COUNCIL AND 
SOME OF ITS IMPLICATIONS 


By Pror R. D’AETH 


Department of Education, University of Exeter 


HE recent submussion to the Mmuster for Science of 
a proposal for an Educational Research Council 

raises important questions about the future development 
of research i education, and also indirectly about the 
future relationships of research councils with the Govern- 
ment The memorandum making the proposal, which was 
supported by the Heads of Departments and Institutes of 
Education of the Universities of England and Wales, 
calls for a council with responsibilities sumiar to the 
three long-established research councils It ıs evident 
that the proposal wil have to be considered on 1ts own 
merits, and also as part of a movement to persuade the 
Government to provide money on a broader front for 
research of national impoitance 

The Medical Research Council dates back to 1913, the 
Department of Screntifie and Industrial Research to 1916, 
and the Agricultural Research Council to 1931 What is 
striking 1s that since then, ın & period of more than thirty 
years, the only addition has been the Nature Conservancy 
Yet durmg this period there has been a growing apprecia- 
tion of the need for more research m fields of national 
umportance The budgets of the three large research 
councils have increased enormously, and there has been 
mereasing pressure, especially ın recent years, on the 
Government to give more support to research in education, 
and in economics and the social sciences generally 

The three large research couneis were started at the 
tıme of the First World War and of the subsequent severe 
economic depression The vital umportance of scientific 
research was demonstrated even more sharply in the 
Second World War Smee then, m two decades of intense 
economic competition, scientific research has proved to be 
just as crucial for the nation’s survival and progress 
But there has been one very significant new realization 
that for the nation’s prosperity ıb 18 equally important to 


develop its resources of human skill and vigour to the 
fullest possible extent Sir Eric Ashby, this year’s 
president of the British Association, highhghted this 
point of view in his address when he made a searching 
analysis of Britain’s “Investment in Man” at the 
level of higher education (Nature, 199, 877, 1963) In 
it he pointed out that, although more than £70 milhon a 
year 1s spent on universities, the expenditure on studying 
the process of teaching and learnmg ın them is negligible 
Overall he estimated that expenditure on research m 
education 1s less than 1/20 of a penny in every pound spent 
on education ‘This agrees with other estimates which 
have similarly put expenditure on educational research 
at about 0 02 per cent of expenditure on education. This 
would lead to rapid bankruptcy ın most enterprises and 
education has become a large-scale enterprise on which 
the Government alone spent more than £1,000 million last 
year, far more than on any other public service except 
defence The consequence of this neglect of research ıs that 
decisions involving the expenditure of millons of pounds, 
and. affecting the hves of generations of young people, are 
often taken on fragmentary evidence, or policy is shaped 
by a committee lackmg information, or outmoded ways 
are carried, on through engramed custom 

Here the question naturally arises To what extent are 
educational problems susceptible to research of a scientific 
kmd? Are not value judgments commonly involved? 
The answer is certainly that they are, and that a scientific 
approach cannot embrace education as a whole, even 
when the scope of this elastic word 1s restricted to the 
influences of ‘organized’ education, or of educational 
institutions, on children growmg up But it 16 equally 
true that many aspects of education can be studied 
scientifically, as a few examples will show. For example, 
there has been much scientific research on the preparation 
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of standardized mental tests for diagnosis, selection or 
measuring attamment Agam, the psychological study 
of mfants and young children has already cast rays of 
light mto ther mental growth and how they learn Or 
to take a more specific example, scientific research has 
transformed the teaching of deaf children Many more 
examples could be given, yet each of them brings to mind 
many associated problems which await mvestigation, 
and often projects have to be started empirically because 
there has been no underlying theoretical research The 
map of educational research 1s largely uncharted, not 
because of difficulty over techniques—it 18 significant that 
a number of research projects started m the past five 
years with grants from Foundations have begun to yield 
results quickly—but through lack of money and skwWed 
research workers 

Let us turn back, however, to the question of ‘value 
judgments’ for a moment They are mherent m educa- 
tional thinkmg overall and there are obvious dangers if 
such things as ‘11+ tests’, however admirable scientifically, 
are seen too much ım isolation It ıs salutary also to 
remember that scientists cannot exclude ‘value judgments’ 
from their research, and are often entangled by ıt over 
the applications of research Are birth control, abortion, 
euthanasia morally mght? Should the scientist whose 
research develops nuclear bombs feel any responsibility 
over their possible use ? 

The growimg reahzation of the need for more educational 
research has already led to more money bemg made 
available The Nuffield and other Foundations have given 
grants for a number of projects, and the Mimstry of 
Education has also been able to make grants for research 
durmg the past two years Two of the new universities 
are gomg to study teaching at university-level, and the 
Robbins Committee is hkely to stress the need for more 
educational research in its forthcommg report on the 
development of higher education The amounts of money 
available are still relatively very small, but they could 
be mereased substantially If this were done, what would 
be the advantages in having an Educational Research 
Council? Behind such questions there lurks the natural 
fear that pressures might lead to other research councils 
springing up hke mushrooms, and this 1s presumably 
what the small commuttee set up by the Government m 
June, with Lord Heyworth as chairman, will look at, 1ts 
terms of reference bemg “To review the research at 
present being done ın the field of social studies ın Govern- 
ment Departments, universities and other imstitutions, 
and to advise whether changes are needed ın the arrange- 
ments for supporting and co-ordinating this research” 
The proposal for an Educational Research Council will 
no doubt be considered by this Committee ın due course 
In the meantime, however, ıt 18 worth looking at the 
arguments in its favour 

The mam task of an Educational Research Council 
would be to encourage and give financial support to 
research m education, not simply to consider projects 
submitted by universities and other institutions of learn- 
ing, but to assess critically the needs and opportunities for 
research judging the urgent needs of the present, deciding 
in the light of varied research experience which long-odds 
ideas or unorthodox investigations should be taken on as 
risk ventures, looking ahead to problems of the future 
This means watching the field as a whole, shapıng not so 
much a clear programme as a continually growing 
strategy, lookmg not only at educational problems, but 
also at developments in. other fields that might become 
significant—as has been proved to be necessary m medi- 
eme and agriculture and m the application of science to 
mdustry The province of the Council should be all of 
what might be termed ‘organized education’ not just 
schools, but also universities, technical colleges, the 
trainmg of teachers, the use of radio and television and so 
on, seeng them as mterrelated parts of an overall 
picture 
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The giving of grants for research projects wil soon 
prove meffective unless guided by a long-term and 
developing policy, taking account of both research needs 
and, opportunities and also the trammg and career pros- 
pects of the required specialists It would be necessary 
to grant enough studentships for tramimg, and also 
fellowships for the conduct of research, ensurmg reason- 
able career prospects ın research while retainmg ease of 
transfer between teaching and research It 1s these linked 
functions, exercised, over primary, secondary and higher 
education, which provide the mam argument m favour 
of an Educational Research Council But there 18 also 
another aspect which would be important in the long run, 
namely, the need to keep the planning of research free 
from the day-to-day control of the executive departments 
of Government That is why the existing research councils 
were established under the Lord President of the Privy 
Councu, and retamed their mdependence when transferred 
m 1959 to the same person m his new capacity as Minister 
for Science and ıt was for the same reason that the 
proposal for an Educational Research Council was sub- 
mitted to the Minister for Science There is, however, an 
additional reason m the case of education, in that a number 
of mstitutions, including the umiversities, do not come 
under the Ministry of Education The most valuable lnk 
between the Research Council and the Ministry of Educa- 
tion would be m the application of research findings, 
and here the Mmustry has already taken a very significant 
step ın proposing the formation of a Curriculum and 
Examinations Council 

The nature of the responsibilities of the proposed 
Research Council, and the need for ıt to gain the respect 
—as the three large research councils have—of universi- 
ties and other mstitutions of higher education, requires 
that 1ts members should be of recognized standing, and 
that the Council should be small enough to be effective in 
action There would be httle need to argue this pomt 
among the leaders m mdustry and commerce But there 
are sad examples within the sphere of education of com- 
mittees so large as to be rather mcoherent, so repre- 
sentative that they are almost restricted to compromises 
between set points of view, and which are sometimes only 
kept alive by the efforts of the chairman and secretary 
These are weaknesses which the three large research 
councils have avoided The oldest of them has now been 
established over half a century, and ıt 1s worth considering 
the reasons for their success They have had direct, not 
advisory, responsibilities They have had the services 
of the leadıng research experts The spheres of activity 
covered by them—medicime, agriculture and the apphea- 
tion of science to industry—have been distinct enough to 
avoid confusion and overlapping, and they are of acknow- 
ledged national importance They have been answerable 
to the Government m broad terms for the proper dis- 
charge of their responsibilities, and not for the details of 
ther programmes These are the conditions which have 
enabled them to function with vigour and imagination 

Tt 18 a question for serious thought whether these 
conditions would apply to a research council for the social 
sciences, and one with which the Heyworth Committee 
will obviously be concerned A significant feature of the 
three large research councils is that the coherence of each 
comes from its field of appheation They are not related to 
single academic disciplmes Rather the reverse, for the 
Medical Research Council is concerned with the various 
branches of medicme, biochemustry, physiology, bacterio- 
logy, psychology, demography, molecular biology and 
soon Likewise the Agricultural Research Council draws 
on the various branches of agriculture, botany, zoology, 
genetics, chemistry, economics and so on The Depart- 
ment of Scientific and Industrial Research also covers 
a wide academic spectrum An Educational Research 
Council would have a similar coherence of application, 
but ıb 18 difficult to see how a research council for the 
social sciences m general could do so 
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Universities draw Government money for research from 
two main sources from the University Grants Commuttee 
and from the three large research couneils The expendi- 
ture of the former was more than £70 millon last year, 
while the budgets of the latter exceeded £30 millon 
By no means all the latter went to unrversities or tech- 
nical colleges, for the three councils run large separate 
research institutions Yet the tendency for money gomg 
to universities through the University Grants Committee 
to be closely tied to mcreased numbers of students makes 
it more difficult to get money for research, and 1s unlikely 
to be reversed In consequence the research councils 
have a powerful mfluence on the development of research 
in. universities, which 1s related to the policy for dividing 
advanced scientific research, especially that requiring 
very expensive equipment, between universities and 
specialized research mstitutions Hence the two mam 
sources from which universities receive money for research 
exercise quite different mfluences the University Grants 
Commiuttee reaches a co-operative agreement on the form 
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of the growth of each university, the three councils plan, 
m their respective spheres of application, the development 
of scientific research nationally If the arguments out- 
bned here carry weight—that there is an mmportant need 
for more educational research, and that there are several 
linked functions which should be planned on a national 
basis—then the claim for an Educational Research 
Council 1s strong ‘The expenditure mvolved would be 
very small m comparison with the existing research 
councils It would not by itself have any effect on the 
present situation as regards the importance of scientific 
research, and the prowmg expenditure by the Govern- 
mentonit But these may lead, ın any event, to a review 
of the machmery of Government which would affect 
the independence and responsibilities of universities, the 
University Grants Committee and perhaps even the 
research councils, which have shown how planning on a 
national basis can be combined with adequate freedom 
and scope for mrtiative for those engaged m` scientific 
research, 
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NEWS and VIEWS 


Bacteriology at Glasgow : Prof R. G. White 


Dr Rosert G WHITE, reader m bacteriology at the 
London Hospital, has been appomted to the Gardiner 
chair of bacteriology at the University of Glasgow in 
succession to Prof J W Howie, who has been appomted 
director of the Pubhe Health Laboratory Service Board 
(seo Nature, 197, 749, 1963) Dr White was educated at 
the Queen’s College, Oxford, and qualified from the 
London Hospital Medical College in 1942 He gained his 
DM. at Oxford ın 1953 After a period of trammg m 
bacteriology under Sir Samuel Bedson m the Emergency 
Medical Service Laboratory at Eppmg (1943-44) and of 
supervising the Central Emergency Medical Service 
Laboratory ın the University of Liverpool (1944-45), he 
spent two years of servico with the Royal Navy as a 
speciahst m bacteriology On his return to the United 
Kingdom he jomed the Department of Bacteriology at 
the London Hospital, first as registrar m pathology and 
later as Freedom Research Fellow. He was appomted 
reader in bacteriology under Prof C F Barwell m 1954 
Visits to the United States were made durmg this period 
when, m 1952, he spent a year with Dr A H Coons at 
the Harvard Medical School as a Medical Research 
Council Travellmg Fellow, and m 1961 when he was 
travelling professor to the University of Flomda and 
worked there with Prof E Suter Dr White’s research 
mterests have been concerned with a wide range of 
experimental work bearmg on such topics as celular 
reactions in Immunity, the adjuvant activity of myco- 
bacterial peptido-glycohpids, the role of the thymus 
gland and auto-antibody responses 


The Rensselaer Polytechnic Institute: 
Prof. J. D, Mackenzie 


Dra J D MACKENZIE has been appointed to the newly 
established professorship of materials science at Rensselaer 
Polytechme Institute, Troy, New York The appomtment 
will strengthen the teaching and research of non-metallic 
solids m the Department of Materials Engineermg at 
Rensselaer Dr Mackenzie graduated at Birkbeck 
College, London, in 1952 with honours in chemistry, and 
was awarded a Ph D and the Diploma of Membership of 
Imperial College of Science and Technology in physical 
chemistry by Imperial College of Science and Technology, 
London, ın 1954 He was a Post-doctoral Fellow at 
Princeton University from 1954 until 1956 In 1956 he 
was elected to an Imperial Chemical Industries fellowship 
at Cambridge, and became a Fellow of the Royal Institute 


of Chemistry ın 1958 Since 1957 he has been with the 
General Electric Research Laboratory, Schenectady, New 
York 


The Institute of Electrical and Electronics Engineers 


A UNITED Kingdom and Eire Section of the Institute 
of Electrical and Electronics Engineers (IEEE) has been 
established to serve the mterests of the Institute’s mem- 
bers m Great Brtam and Ireland resulting from the 
merger of the Institute of Radio Engmeers and the 
American Institute of Electrical Engmeers to form the 
IEEE The new Institute is a ‘non-national’ professional 
society of some 160,000 members, organized im nine 
Regions and with learned society activities designed to 
serve the expanding field of electrical and electronics 
engmeering Membership of the United Kingdom and 
Eire Section 1s made up of IEEE members of all grades 
who are living ın Great Britain or Ireland and represents 
about half the present membership of the European 
Region of the TEEE, the territory of which is bounded 
by the Urals and the north coast of Africa and includes 
other sections in Benelux, Egypt, France, Israel, Italy, 
Norway and Switzerland 

The officers of the United Kingdom and Eire Section are 
Charman, Dr. R © G Wiliams, Vece-Chairmen, Sir 
Harold Bishop and Sir John Hacking, Treasurer, Dr R L 
Smith-Rose, Secretary, Mr E S Barton; Assrstant 
Secretary/Treasurer, Mr R C Winton Until the Section 
Executive Commuttee 1s established, rts functions are 
being carned on by the Advisory Committee of the IEEE 
in the United Kingdom and Eire which acts on behalf of 
the Board of Directors of the IEEE ‘The am of the 
Section will be to achieve close co-operation with the 
Institute of Electrical Engineers, the British Institute of 
Radio Engmeers and other professional societies, which 
between them already hold several hundred meetings, 
colloquia and conferences a year throughout Great Britam 
and Ireland covering all aspects of the electmcal and 
electronic field In these circumstances, the role of the 
Section will be primarily to jom im or initiate joint 
meetings or conferences, and to carry out the special 
function of providing a two-way link with professional 
activities in the United States and elsewhere In this 
way more opportunities will be created for lectures 
and papers by American engineers m Britain and by 
British engineers ın the United States Further informa- 
tion can be obtamed from Mr J R Smith, 2 Savoy 
Place, London, W C 2 
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British Computer Development Project 


Tae first contract m a four-year £14 mulhon jomt 
research project, which ıs planned to aid long-range British 
computer development, has been agreed between the 
Department of Scientific and Industrial Research and 
Mullard Research Laboratories This will extend Mullard’s 
existing programme of research in low-temperature com- 
puter devices, and, spreading over two years, will cost a 
total of £100,000, to which the Department will contribute 
half The project is designed to support the British com- 
puter imdustry’s already considerable research and 
development efforts m the face of future widespread 
technological change Twelve major British electromes 
firms are mvolved, as well as Government laboratories 
The National Physical Laboratory at Teddmgton will act 
as @ co-ordimating centre for the programme as a whole 
in close association with the Ministry of Aviation’s Royal 
Radar Establishment at Malvern About two-thirds of the 
total estumated cost will be borne by the Department of 
Scientific and Industrial Research, the remaming third 
bemg provided by those dustrial firms which accept 
contracts About one-third of the total sum will be 
expended ın the National Physical Laboratory and the 
Royal Radar Establishment, and the remamimg £1 million 
will be spent ın industry ın the form of development con- 
tracts The first contract is concerned with low-tempera- 
ture computer devices It is known already that super- 
conducting stores are feasible, and, in particular, research 
will be carried out on one form of superconductmg 
element—the cryotron—as a storage device It is most 
hkely that the cryotron will also be used ın the selection 
circuits of superconductive stores, and m regular arrays 
of switching circuits such as might occur im stores with 
special logical properties, sophisticated stores of this type 
may first become a practical proposition by the use of 
superconducting techniques The work to be done under 
the contract has three aspects First, the greater under- 
standing of the physics of the cryotron, secondly, 
the further development of methods for laymg down 
arrays of film with the desired purity and geometric 
form, and thirdly, the use of the devices m computer 
stores. 
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The Applied Scientific Research Corporation of Thailand 


A NATIONAL Screntirico RESEAROH ORGANIZATION 18 to 
be set up m Thailand under the leadership of Mr Frank 
Nicholls, of Melbourne, who has drawn up the plan for 
mobihzing Thailand’s scientific resources to develop the 
country’s mdustries 

Mr Nicholls ıs imternational co-operation officer of 
Commonwealth Scientific and Industrial Research Organ- 
ization (Australia) He has spent most of the past three 
years ın South-East Asia, mainly investigatmg the 
scientific resources of developing countries He was a 
member of the Science Commussion appointed by the 
President of Pakistan m 1959 to study that country’s 
scientific work He has spent three periods m Thailand 
preparing the way for the establishment of the Apphed 
Scientific Research Corporation of Thailand, and he 
drafted the Act recently passed by the Thai National 
Assembly for that purpose Hoe has now arrived in 
Bangkok to head the team of some twenty international 
experts working under the United Nations, which 18 
establishing the Research Corporation on the lines of the 
Commonwealth Scientrfic and Industrial Research Organ- 
ation The Research Corporation of Thailand will be 
concerned with research m agriculture, mdustry and 
health It will exame ways of preparing for the growth 
of new mdustry, of supportmg existing industries, explort- 
ing mineral resources, finding new uses for plant products, 
and developing textile and building materials The Thar 
Government has taken the mitiative for setting up the 
Research Corporation and has already earmarked ample 
funds for the work of the muitial five-year period Aid 
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wil also be given from the U.N. Special Fund and severa] 
mternational foundations 


Properties and Applications of New Ceramics 


A BOOKLET, New Ways with Ceramics, issued by the 
Department of Scientific and Industriel Research and 
written with the co-operation of the British Ceramic 
Research Association, outlines the properties and applica- 
tions of the new and improved ceramics which have been 
developed to meet special mdustrial requirements, 
especially for work at high temperatures (Pp 12 London: 
Information Division, Department of Scientifie and 
Industrial Research, 1963) Outstandmg among these 
1s boron mitmde, which is easly machined, mpermeable 
and has excellent electrical and corrosion-resistance proper- 
ties up to 1,650°C Others described are alumina ceramics, 
boron carbide, silicon carbide and the cermets, which are 
complexes of metals and metallic oxides adjusted to bring 
out desired characteristics. 


Bovey Valley Woodlands National Nature Reserve 


Tue Nature Conservancy has declared the Bovey 
Valley Woodlands a National Nature Reserve One of 
the earhest National Nature Reserves to be acquired 
(1952) was Yarner Wood m the Bovey Valley, north- 
west of Bovey Tracey on the eastern edge of Dartmoor 
Recent plans for extensive conifer plantations, ın some 
cases replacing scientifically mteresting semi-natural 
woodlands, led the Nature Conservancy to review their 
Nature Reserve plans and to begm adding a number of 
further small woodlands to the Yarner nucleus Three 
such adjommg woodlands, Rudge (36 acres), Woodash 
and part of Houndtor Wood (61 acres), have been pur- 
chased as a step towards formmg an enlarged Bovey 
Valley Woodlands National Nature Reserve withm the 
Dartmoor National Park The upper reaches of the River 
Bovey between Lustleigh Cleave and the little valley 
including the well-known Becka Falls contam one of the 
best remaming series of Dartmoor native hardwoods 
Rudge Wood occupies one side of the steep slopes at the 
lower or southern end of the valley and extends through 
a short succession of wet and boggy fields, carrymg much 
willow, alder and birch, almost to the southern extremity 
of Houndtor Wood ‘The latter takes ın the very steep 
northern flank of Houndtor Ridge, which shows the 
geological transition from the Culm through the meta- 
morphosed Culm, to the Granite, where 1t adjoms Woodash 
Wood Oak is the predominating tree throughout the 
Reserve, and the two species, pedunculate and sessile, 
are both well represented Ash is frequent mamly on the 
damper alluvial sites and also on granite-derived soils 
The woodlands are mch im the smaller forms of plant 
life, such as mosses, liverworts and lichens, especially 
along the river margins, where large strewn boulders and 
damp shade provide a favourable habitat for them. 
Access to the Reserve away from the public footpath 
will be by permit only Applications to visit the Reserve 
should be addressed to the Regional Officer (South-West), 
Furzebrook Research Station, Wareham, Dorset 


Last Essays of R. E Snodgrass 


Over a period of nearly forty years, R E Snodgrass 
published. ın the Smithsonan Miscellaneous Collections 
& series of masterly articles on the anatomy of msects 
At the time of his sudden death in September 1962, at 
the age of exghty-seven, Snodgrass was engaged m writing 
a kmd of encyclopedia of msect anatomy. About a fifth 
of ths had been completed and has now been edited by 
Dr A Glenn Richards and pubhshed as a final con- 
tmbution m the Smithsonan Mrscellaneous Collections 
under the title “A Contribution Toward an Encyclopedia 
of Insect Anatomy” (146, No 2 Pp v+48 Pubbcation 
4544 Washmgton, DC Smithsonian Institution, 1963) 
This was well worth publshmg It takes the form of a 
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succession of brief essays on most of the terms used m 
deseriptions of the external anatomy of msects Snodgrass 
wrote always a fine style of lucid English He had a 
feeling for words, an interest m thew etymology, and a 
gft for clear definitions All these characteristics are 
evident in this contribution 


Prof. Eugène Pittard 


THe Bulletin de la Société Sursse d Anthropologie et 
d’ Ethnologie for 1962-63 contams an excellent apprecia- 
tion of the late Prof Eugène Pittard of Geneva, who died 
a little while ago, aged ninety-five Pittard was a delight- 
ful mdividual full of enthusiasm One always looked for- 
ward to meeting him at archeological and anthropo- 
logical congresses and sumiar functions He started out 
as & zoologist, but soon found that anthropology was his 
real interest and vocatron Hoe was no narrow specialist , 
everythmg concerning man, whether physical or cultural, 
interested him Thus when prehistoric archeology 
blossomed, towards the start of the present century 
Pittard was one of ıts foremost exponents The University 
of Geneva eventually, m 1916, provided him with a 
professorial chair, and three years later with a suitable 
laboratory In these days of narrow specialization 1b 1s 
pleasant to recall one who had wide mterests and yet was 
always ın the forefront of knowledge He wrote many 
works and the ‘appreciation’ concludes with a list of 
his more important publications 


The Bowles Memorial Travel Scholarship 


TEHE Bowles Memorial Travel Scholarship was estab- 
lished by the Royal Horticultural Society as a memorial 
to the late E A Bowles (1865-1954) The object of the 
Scholarship is to enable the holder to travel abroad for 
either or both of the followmg purposes (a) the collection 
of plants for mtroduction to British gardens, (b) the 
study of practical horticulture m other countries For 
the years 1964 and 1965 a sum of £500 will be made 
available for award Applicants for the Scholarship must 


be of the male sex, not more than twenty-eight years of 


age on January 1, 1964, and be a holder of the National 
Diploma m Horticulture, or a student of, or graduate in, 
horticulture or botany at a British university, or a past 
or present student-gardener at the University Botanic 
Garden, Cambridge, the Royal Botanic Garden, Edm- 
burgh, the Royal Botanic Gardens, Kew, the Royal 
Horticultural Society’s Gardens, Wisley, or other horti- 
cultural educational establishment Applications should 
be sent, by November 30, to the Secretary of the 
Royal Horticultural Society, Vmcent Square, London, 
S W 1, from whom further mformation can be obtamed 


The Night Sky in November 


Fun. moon occurs on Nov 1d 13h 56m vu tT, new moon 
on Nov 16d 06h 51m and full moon on Nov 30d 23h 55m. 
The followmg conjunctions with the Moon occur Nov 
18d 04h, Venus 3°S , Nov 18d 07h, Mars 3°S , Nov. 
23 05h, Saturn 2°N, Nov 27d 00h, Jupiter 4°N In 
addition to these conjunctions with the Moon, Mars 1s in 
conjunction with Antares on Nov 6d 16h, Mars being 
4° N , Venus with Antares on Nov 12d lih, Venus being 
4° N , and Venus with Mars on Nov 20d 22h, Venus bemg 

"005°S Mercury, Venus and Mars are too close to the 
Sun for easy observation Jupiter sets at 4h 30m, 3h 25m 
and 2h 25m on November 1, 15 and 30, respectively It 
is in. Pisces, its stellar magnitude 1s —2 4 and its distance 
from the Earth on November 15 ıs 385 million miles 
Saturn sets at 23h 10m, 22h 15m and 21h 25m at the 
beginning, middle and end of the month, respectively It 
18 m Capricornus, its stellar magnitude is +09, and its 
distance from the Earth on November 15 is 920 million 
miles Occultations of stars brighter than magnitude 6 are 
as follows, observations bemg made at Greenwich Nov 
3d 20h 09 5m, 97 Tau (E), Nov 4d 4h 11-Im, 106 Tau 
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(R). R refers to reappearance The Taurd meteors are 
active durmg the first fortnight of the month, but condi- 
tions for observation are unfavourable The Bielid meteors 
are expected about November 15, the radiant bemg near 
RA Ih 32m, Dec + 43°, conditions for observation are 
favourable The Leonid meteors are active durmg Novem- 
ber 14-17 with a maximum on November 16-17, the 
radiant is near RA 10h 8m, Dec +22°, and conditions 
for observation are very favourable 
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Announcements 


Dr J H Honpason, chief of the Seismology Division 
of the Dominion Observatory, Canada, has been elected 
president of the International Association of Seismology 
and Physics of the Earth’s Interior Dr Hodgson 1s a 
durector of the Seismology Society of America as well as 
bemg a member of various mternational commuttees He 
was assistant professor of geophysies in the University of 
Toronto from 1945 until 1949 


Tae British Institute of Radiology 1s holding a meeting 
on October 17, at which the presidential address “Nothing 
New?” will be given by Prof C B Allsopp Further 
information can be obtained from the General Secretary, 
British Institute of Radiology, 32 Welbeck Street, 
London, W.1. 


A MEETING to celebrate the centenary of Dr L H 
Baekeland (1863-1944), the imventor of ‘Bakehte’, 
arranged. by the Royal Flemish Society of Engineers and 
the Flemish Chemical Society, will be held in the State 
University of Ghent during November 22-23 Further 
information can, be obtained from Dr R Thiers, Ingenieurs- 
huis, Jan van Riyswijcklaan 58, Antwerpen I 


TWELVE public lectures on ““The History of Medicine” 
will be delivered by Dr Edwin Clarke m the Wellcome 
Historical Medical Library, London, on Tuesdays and 
Thursdays commencing October 15 Further information 
can be obtamed from the Wellcome Historical Medical 
Iibrary, the Wellcome Building, Euston Road, London, 
NW 1 


A. MEETING of the Biochemical Society will be held m 
the Department of Physology and Biochemistry, the 
University of Southampton, on October 18 Included m 
the programme will be a colloquium on “Comparative 
Biochemistry and Physiology” (chairman, K A Munday) 
Further mformation can be obtamed from H R V 
Arnstein, National Institute for Medical Research, the 
Ridgeway, Mill Hill, London, N W 7 


A symposium on ‘The Natural History of Aggression”, 
arranged by the Institute of Biology, will be held at the 
British Museum (Natural History) durmg October 21—22 
Topics under discussion will include rituahzed fighting 
in animals, aggression in societies of apes, the physio- 
logical background, to aggression, aggression and mental 
illness, the origins of war; possible substitutes for war, 
the nature of aggression as revealed by the atomic age 
Further information can be obtamed from the Institute 
of Biology, 41 Queen’s Gate, London, S W 7 


A PRACTICAL four-week residential course in “Admmus- 
tration and Management of Research and Development”, 
arranged by the Comparatrve Administration Trust, will 
be held at the Sundridge Park Management Centre, 
Bromley, during November 10—-December 7 The aim of 
the course 1s to improve the practical effectiveness of 
thoso engaged in administration and management “of 
technical work in mdustry, ın industrial research associa- 
tions or publicly sponsored research establishments 
Topics to be considered will include the nature of the 
individual and of the team, the teams in their wider 
context, special problems of science and technology 
Further information and forms of appheation can be 
obtained from the Comparatrve Admimustration Trust, 
30 St George Street, Hanover Square, London, W 1 
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THE ROCKEFELLER FOUNDATION 


ESIDES discussing some major mnovations m the 
Foundation’s programme m 1962, the President’s 
Review of the Rockefeller Foundation, 1962 *, notes some 
features of the current and operatmg programmes In 
medical education substantial grants were made ın 1962 
to the medical schools of the University of Minas Gerais 
in. Brazil and of the University of Cuyo m Argentina to 
assist in, the establishment of a pre-medical curriculum and 
strengthen research and teachmg The University of 
Khartoum was assisted m reorganizing its Department of 
Physiology and the King George’s Medical School, Univer- 
sity of Lucknow, the development vf its Department of 
Pharmacology, while the Medical Traimmng Centre of the 
Ministry of Health and Labour of Tanganyika received 
a grant towards a new tramimg programme for rural 
physicians Help was also given to the Departments of 
Preventive Medicine and Pediatrics, Makerere University 
College, ın developmg a field research and tramme centre 
m preventive medicme at Kasangati, to the Institute of 
Child Health of the University of Ibadan, and to the 
All-India Institute of Medical Science, New Delhi, m 
developing a teaching and research unit ın rural medicine 
ta the humanities and social sciences a current grant 1s 
helpmg the International Press Institute, Zurich, to pro- 
mote more effective use of the daily newspaper {press in the 
countries of south and south-east Asia, and the Educational 
Broadcasting Corporation, New York, was assisted in the 
initial operation of an educational television channel 
Among research projects supported m the field of land 
economics, one at the University of Arizona, Tucson, 
relates the availabihty of water to social and economic 
growth in an arid environment, and programmes m agri- 
cultural economics are bemg supported at the Catholic 
University of Chil, Santiago In agricultural sciences, on 


* The Rockefeller Foundation President's Review, 1962 Pp v+87 
(New York The Rockefeller Foundation, 1962) See also p 97 of this 
issue of Nature 


June 30, 1962, 236 students from 28 countries held 
Foundation scholarships or fellowships for M Se or Ph D 
courses at 40 different universities ın the United States 
and Europe Contimued support was given to an orienta- 
tion programme for foreign students entermg graduate 
schools of agriculture m the United States, the Texas 
Agricultural and Mechanical College System received a 
grant for studies with a mechanical device for measuring 
the nutritive value of forage crops during the digestive 
process m rummants, and the University of Arizona a 
grant for mvestigation of the economic use of scarce water 
supphes, while establishment of an animal nutrition 
research centre at Nova Odessa, São Paulo, Brazil, was 
also assisted 

For virus work m 1963 and ıts operating programme 
in the general development of professional education the 
Foundation appropriated some 15 mulion dollars, and 
the Review outlmes the work which led to the discovery 
of the new virus, oropouche, and the mvestigation of 
arboviruses For co-operative projects ın agricultural 
sciences m five countries, the Foundation has appro- 
priated more than 2 6 milion dollars m 1963 in addition 
to 515,000 dollars for the International Rice Research 
Institute These projects include the Mexican Agricultural 
Programme, now 1n.1ts twentieth year, and sunilar projects 
m Colombia, at first concentrated on corn, wheat, potatoes 
and beans, but now yielding results from livestock 
research of great value in improving beef and dairy cattle, 
poultry, sheep and swine, Chile (concentrated on wheat 
and forage legumes and grasses), and India, where hybrid 
maize varieties adapted to all the major agnicultural 
remions have been developed 

Durmg 1962, 723 persons from 58 countries held 
Foundation fellowships and scholarships, of which 265 
were new awards, of the total, 298 were m agricultural 
sciences and 231 m medical and natural sciences; 3 2 
million dollars were appropriated for these activities 


CONGENITAL ABNORMALITIES 


HE decroasing rate for mftant mortality ın Great 
Britain and other parts of the world ıs bringing greater 
interest to bear on congenital abnormalities, which, apart 
from the effects on the children, cause so much distress 
to their parents The greater part of the August issue of 
The Practitioner’ is taken up with a symposium on the 
subject 
As © O Carter points out, 1b was not until 1956 that 
new cytological techniques confirmed that human bomgs 
have a normal complement of 46 chromosomes Non- 
dsjunction may result im gametes bemg produced 
possessing 22 or 24 chromosomes Other abnormalities 
arise through fragmentations, with parts of soparate 
chromosomes coming together in irregular ways, the 
remaimimg bits becommg lost About 2 por thousand 
babies are trisomie for the sex chromosomes, of the 
patterns XXX, XXY,and XYY Some of these arrange- 
ments produce no obvious defect, but all XXY persons 
suffer from Klinefelter’s syndrome, with a eunuchoid 
body build and azoospermic testes In contrast to these, 
XO individuals exhibit Turner’s syndrome, with dwarfism 
and abnormalities of tho heart and kidneys About 2 por 
thousand babies are either trisomie for autosomes such as 
G21, #18, and D15, or they may have a compound of 
chromosomes D15 and G21, from which other parts may 
be lost All these are held to be suffermg from Down’s 
syndrome, exhibiting a groat vanity of derangemonts, 


such as deafness, polydactyly and mosaicism As Carter 
suggests, these findings provide some limuted scope for 
genetic counselling 

The most familar case of abnormality associated with 
a chromosome derangement 1s that of the infant mongol 
This 18 discussed by A J Keay The affected children 
have 47 chromosomes, probably through the trisomy of 
G21 The clinical signs are easily recogmzed, and the 
intelligence quotients of the affected children range from 
about 25 to 68 These children are cheerful and responsive 
to affection, they all should be given some chance of 
responding to educational care The risk of producmg a 
mongoloid child depends on the age of the mother, 
amounting to about 1 in 1,000 for young women and rising 
to around 1 m 50 for those of more than 40 years 

The existence of inborn errors of metabolism inherited 
on a Mendehan basis was first noticed by Folling in 1934 
That was a case of phenylketonuria The frequency of 
incidence 18 about 1 in 30,000, and the disease 1s now 
known to be due to a recessive gene which leads to an 
inability to metabolize phenylalanine properly, and the 
affected children show hypertonicity of the muscles and 
are on the verge of imbecility They respond favourably 
to a diet low in phenylalanine if 1t 1s started sufficiently 
early This and other inborn errors of metabolism are 
deseribed by A Goldberg They melude alkaptonuria, 
non-endemic famuhal cretinism with goitre, some forms 
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of diabetes, galactosemuia, glycogen deposition disease, 
and many othe: abnormalities concerned with the 
metabolism of adrenal steroids, purines, metals, lipids, 
hemoglobin and the clottmg of blood, porphyrins, 
bıle pigments and renal tubular transport In most cases 
the abnormalities are the result of enzyme irregularities 
dependent on recessive genes » As Goldberg remarks, ıt 
would seem that no metabolic pathway 1s exempt from 
the occasional, and sometimes not so occasional, 
genetically expressed deviation 

In their paper on congenital abnormalities of the 
limbs, J I P James and D W Lamb show that those 
may take many forms the absence of a hand, arm or 
fibula, for oxample, extra digits, syndactyly, ‘club foot’, 
ote , along with an extensive lst of less-serious defects 
Some of them appear to be tho result of chromosome 
derangements, others are known to be produced by 
agents of external origin, while congenital dislocation of 
the hip 1s now thought to be brought about by maternal 
hormones, especially relaxin Clubbed foet and rolated 
defects can be ımproved by gentle manipulation and 
strapping at an early age, a number of other abnorm- 
alities call for surgical treatment, but great care should 
be taken not to remove stumps of limbs which can be 
mado use of in prosthetic replacement, with which, 1f 
ın a simple form, the child should be allowed to grow 
familar as soon as possiblo 

A D M Jackson deals with congenital abnormalities 
brought about by agents of external origin, of which the 
most general are infections Leaving aside mfections 
gaining entry at the act of birth, hke gonococeal ophthal- 
mia, and those passed on from mother to foetus at a late 
stage in pregnancy, like chickenpox and Coxsackie B 
virus disease, Jackson draws on tho investigation initiated 
by the Ministry of Health and General Register Office, in 
1950, and a still lager one in Sweden These investiga- 
tions show that the most serious abnormalities are due to 
mfections of rubella durimg the first three months of 
pregnancy The effects are seen in highor rates than normal 
for abortions and stillbirths, low birth weight, cataract, 
heart defects, and deafness The risk that a child will 
be boin with some affliction 1s about 30 per cent, with 
deafness as the commonest, deafness appears to be the 
only serious handicap ıf the mother becomes infected at 
later stages in pregnancy To avoid these defects the 
mother should be immunized against rubella before 
marriage, oven passive immunization within a few days of 
exposure may bo of some help 


NATURE 


October 12, 1963 


The British investigation also covered the msk of 
abnormalities produced by other infections, such as 
measles, poliomyelitis and influenza, but no clear 
association betweon mfection and abnormality could be 
established, 

Among the congenital defects produced by external 
agents of an artificial kind, the tragedy of the thalidomide 
episode has directed attention to those resulting from 
drug treatment J M Robson deals with these Thalido- 
mide itself 1s a mild sedative, even m large doses it 
producos scarcely any toxic effect on man and animals 
Why it should exert such a drastic influence on tho foetus 
1s & question which still remains obscuro There are other 
drugs, ike sodium salicylate and nicotine, m wide elinical 
use which have not yet been shown to be teratogenic in 
man although in high doses they have serious effects on 
the foetuses of expermmental animals A number of other 
drugs scem to act im much the same way The action on 
man of 5-hydroxytiyptamimme still awaits elucidation, 1t 
is naturally present in the body, but im large doses ıt 
produces many malformations in animals, probably 
because of 1ts interference with placental function Robson 
recommends that in introducing now drugs for clinical 
use great caution should be exercised over those which 
are teratogenic in experrmmental animals, particularly if 
there ıs a wide discrepancy between the dose which has a 
harmful effect on the foetus and that which 1s toxic to the 
mothe 

The remaining papo in the symposium, by J W 
Millen, 1s on the effects of radiation Ho refors to the large 
amount of work which has been done on experimental 
animals many congenital abnormalities have been 
produced, affecting every organ system, and, depending on 
the time, intensity and nature of the radiations, together 
with the stage ın pregnancy Experiencos with therapeutic 
irradiation have shown that simular defects can be produced 
in man Tho effect appears to be directly on the foetus, 
not mediated by the mother Surveys of the results of 
the atomic bombs exploded ın Japan have reported many 
cases of microcephaly, which 1s the only defect that can 
be Imked directly with the intensity of exposure, but 
othor effects may havp been masked by feetal deaths So 
far there 1s no convincing evidence that mutations can be 
produced by irradiation in man, and the risk of harmful 
mutations being caused by the background radiation 
of presont-day lving would seem not to be serious 

R WEATHERALL 
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WORLD DIRECTORY OF VETERINARY SCHOOLS 


World Directory of Veteronary Schools* has recently 
been published by the World Health Organization, 
Geneva, under the auspices of the Food and Agriculture 
Organization of the United Nations and the World Health 
Organization There has, m the past, been no available 
source of mformation about vetermary schools as a whole, 
and the Directory will be of great use to all those concerned 
with vetermary science 
Duiing the past decade and a half there have been 
great changes and extensions ın vetermary schools The 
end of the Second World War led to considerable changes 
in certam European countries, m some instances the 
changes were merely the result of opportunity after 
hostilities had ended and there was return to normal lfe, 
a matter merely of delay Altered frontiers and other 
political matters resulted ın changes The achievement of 
self-government in certain former British territories and 
in those of other European powers has been an important 


* World Directory of Veterinary Schools, 1963 (Published under the 
auspices of the Food and Agriculture Organization of the United Nations 
ce Health Orgamzation) Pp 216 16 Sw francs, 26s Sd, 

25 dollars 


cause of development Whereas there were 6 schools 
prior to 1947 m India there are now 16 Pakistan has 2 

The details for each country are set out according to a, 
standard plan under the same sets of headings, begmnmg 
with tables showmg the population of the country, the 
numbeis of livestock and details of vetermary activity 
In the case of each country a table 1s given of the veterm- 
ary schools, date of foundation, numbers of teaching staff, 
total enrolment and tuition fees Information 1s grven 
for each country concermmg administration, conditions of 
admission, curriculum and examumations 

Scrutiny of the Directory shows extraordmary disparity 
in the numbers of graduates, the numbers of vetermary 
schools and the numbers of livestock ın a country It 1s 
of interest to compare essential figures given for livestock 
populations and the numbers of vetermanans The 
figures for the United Kmgdom concern only the numbers 
resident in the country, and about 1,800 of the graduates 
are resident overseas A defect im the quotations of essen- 
tial figures given in the first table for each country 18 
that there has been some or even considerable delay m 
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reporting them, those given for the United Kingdom 
refer to 1959 Unfortunately, the wording used m these 
tables 1s not very lucid 

The folowmg table ıs made up from data ın the book 
It has been prepared by placmg the order of the countries 
according to the numbers of the larger farm animals 
horses, cattle, camels and domestic water buffaloes, for 
the purposes of demonstration of animal wealth the 
smaller farm animals can be ignored This table shows 
the enormous farm ammal wealth of India, with more 
than double the numbers of any other country It also 
brings out the very small numbers m many countries of 
great prommence 


Farm livestock 


(large animals} Veterinary No of 
(milions) schools vefermarians 
207 16 5,583 India 
96 18 20,861 United States 
85 8 2,325 Brazil 
83 23 x x x USSR 
44 3 2,000 Argentine 
32 3 508 Mexico 
32 2 490 Pakistan 
20 3 4,379 France 
18 1 185 Kenya 
17 1 1,262 Turkey 
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16 2 1,200 Australia 
13 2 456 Colombia 
13 4 8,297 German Federal Republie 
12 1 430 Union of South Africa 
11 1 169 Thailand 
14 3 4,500 Poland 
li 6 4,660 United Kingdom 
10 2 2,000 Canada 
10 9 7,700 Italy 
9 1 56 Sudan 
8 2 191 Indonesia 
7 1 478 Iran 
7 I 445 Uruguay 
7 1 300 Venezuela 
6 4 2,947 Yugoslavia 
5 1 133 * Romania 
4 2 2,050 Czecheslovakia 
4 2 750 Treland 
3 1 1,076 Denmark 
3 V4 18,589 Japan 
3 1 1,379 Netherlands 
2 1 1,601 Austria 
2 2 948 Belgium 
2 1 xxx Greece 
2 1 2,550 Hungary 
2 1 47 Iraq 
2 1 896 Sweden 
1 1 596 Norway 
1 2 936 Switzerland 
1 1 60 Viet Nam 
* This figure would seem to be incorrect, 
x x x No figure given 
W. A Poor. 


NATURAL GAS IN THE NETHERLANDS 


HE first natural gas field in Holland was discovered 
and developed by the NV Nederlandse Aardole 
Maatschappij (N A M ) un 1948 in the province of Drenthe, 
at Coevorden The gas-bearing formation 1s at a depth 
of more than 9,000 ft Coevorden proved to be a small 
but exploitable field Later, other small gas fields were 
discovered m the north-eastern provinces of Drenthe and 
Overijssel, also in the western province of South Holland, 
but the amount of gas available was relatively small, 
some 520,000 cubic yards per day, and at that rate a 
calculated twenty years’ supply In terms of energy this 
quantity of gas per day ts equivalent to about 150,000 tons 
of coal per year, in 1954 the coal production of the 
Netherlands amounted to 12 mullion tons, thus the 
quantity of natural gas available in that year did not 
represent more than 1 per cent of the total coal pro- 
duction 
It was not until August 1959 that the natural gas situa- 
tion was dramatically changed by the drilling of a woll at 
Slochteren m the province of Groningen which proved 
the existence of an enormous gas-field, actually the third 
largest in the world, Panhandle, Texas, being the largest, 
followed by the Hassi R’Mel gas-field in the Sahara as 
second After Slochteren No 1 (as 1t was called), there 
followed successful strikes of gas at Delfzijl and Slochteren 
(No 2) in 1960, at Ten Boor in 1961, at Nordbroek in 
1962 and at Schildmeer in February 1963 all in the 
province of Groningen 


The total proved natural gas reserves in the Groningen 
province alone are so far estimated at some 520,000 million 
cubic yards, the largest in Europe Compared with the 
French gas-field at Lacq ın France, with estimated reserves 
of 230,000 milhon. cubic yards, the Groningen field 18 more 
than double the size A further factor is that the geo- 
graphical spread of this natural gas deposit may not as yet 
have been completely determmed, possibilities of exten- 
sions under the North Sea by off-shore drilling, equally 
eastwards mto West Germany, are by no means un- 
hkely 

Production from the Gronginen region will be carried 
out by NAM, a joint venture of the Esso Petroleum and 
Shell Companies NAM and the State Mines Depart- 
ment of the Netherlands have formed a paitneiship 
“under which they will share the costs and the procecds 
of the development of the natural gas on a basis of 60 
and 40 per cent respectively” “ NAM will deliver 
all the Gronmgen natural gas to a new company called 
N V Nederlandse Gasume, which was formed on April 6 
this year Forty per cent of the new company 1s owned 
by the State Mmes, 25 per cent each by Esso and Shell 
and the remaming 10 per cent by the Dutch Government 
Its function 1s to purchase, transport and market natural 
gas in the Netherlands” Further information on these 
extremely important developments 1s given in an illus- 
trated article in a recent issue of Esso Magazine (12, 
No 3, 1963) H B MILNER 


SEARCH FOR PETROLEUM IN AUSTRALIA 


N 1900 there was an accidental discovery of natural gas 
at Roma, some 300 mules west-north-west of Brisbane, 
Queensland Since that tıme there have been many short- 
hved and unsuccessful attempts to locate oil and gas 
deposits m commercial quantities in that area But 
prospecting for o1l still continues with persistent enthu- 
siasm and cautious confidence not only m this region but 
also ın other potential places m Australia As recently as 
1959 the Commonwealth Government enacted the Petiol- 
eum Search Subsidy Act enabling exploration companies 
to carry out geophysical or bore-hole surveys for new sub- 


surface stiatigraphical information or m prospecting for 
petroleum _ The Act provides for subsidy for the cost of 
operations subject to approval of projects by the Minister 
of National Development On behalf of the Minister, the 
Bureau of Mineral Resources, Geology and Geophysics 
must examine and approve applications made under the 
Act, maintain surveillance of the operations and, m duc 
course, publish the results Thus has been provided a now 
stimulus in the time-long search for oil in this contment 
and four publications recently issued by the Department 
of National Development (Bureau of Mineral Resources) 
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clearly demonstrate that the provisions of the 1959 Act 
are working in a most practical manner * 

Publication No 8 deals with Frome Rocks No 1 and 
No 2 Wells, located about 100 miles east-south-east of 
Broome on the north-west coast of Western Australia, the 
operations bemg carried out by West Australan Petrol- 
eum Pty , Ltd, No 1] penetrated 734 ft of Recent deposits, 
thence through normal Jurassic sequence to the Frome 
Rocks Salt Dome No signs of hydrocarbons were seen 
No 2 was drilled to more than 7,500 ft, but results 
were not significant This area does not appear very 
promusing 

Publeation No 35 takes us back to Roma once again, 
it deals with the East Roma Seismic Survey, carried out 
in 1959-60 by Austral Geo Prospectors Pty, Ltd, on 
behalf of Associated Australian Oulfields NL The con- 
clusion 1s reached “The complex geology of the East 
Roma area is such that there are a multitude of positions 


* Commonwealth of Australa Department of National Development 
Bureau of Mineral Resources, Geology and Geophysics Publication No 8 
Frome Rocks No l and No 2 Wells, Western Austraha of West Australian 
Petroleum Ply, Iamied Pp 55+4 plates Pubhecation No 35 Hast 
Roma Seismic Survey, Queensland, 1959-1960, by Associated Austrahan 
Oiufelds NL Pp 18+6 plates Pubhcahon No 36 Blue Hills~—Logue 
Seismic Survey, Western Australia, 1950-1960, by West Australian Petroleum 
Pty , Inmited Pp 244+3 plates Pubheation No 39 Longreach~Silsoe 
Sewmic Survey, Queensland, 1960, by Cree Oul of Canada Inmited Pp 10+5 
plates (Canberra Department of National Development, Bureau of 
Mineral Resources, Geology and Geophysics, 1962 ) 
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which are favourable for the accumulation of ol and 
gas .. The East Roma area should be given first 
priority for contmued drilling and further seismic 
exploration programmes It seems certain that there is 
gas in commercial quantities”’ 

Publication No 36 describes the Blue Hulls—Logue 
Seismic Survey, Western Australa, also made ın 1959-60 
by West Australian Petroleum Pty, Ltd The survey 
area is some 50 miles south-east of Broome The results 
clarify the delineation of known anticlinal structures m 
this area, but petroleum prospects are so far not dis- 
closed 

Publication No 39 concerns the Longreach—Susoe 
Seismic Survey, Queensland, carried out by Cree Oil of 
Canada, Ltd, ın 1960 This again resulted ın fresh 
structural interpretations im this area, but beyond some 
oul and gas at certain horizons previously known, there 
appears to be httle encouragement to anticipate 
commercially valuable petroloum deposits here. 

Desprte all these results, however, the search for oil 
and gas still proceeds in Austraha, and if the vast gas- 
fields of the Netherlands and the Sahara (traditionally 
considered unlikely regions for hydrocarbon accumulations 
in commercial quantity) are anything to go by, then 
there ıs ample reason for prosecuting that search 

H B MINER 


DETERMINATION OF THE NON-ZONAL HARMONICS OF THE 
GEOPOTENTIAL FROM SATELLITE DOPPLER DATA 


By Dr. W. H GUIER 
Applied Physics Laboratory, Johns Hopkins University, Silver Spring, Maryland 


LEAST squares determination of values for the 
coefficients, OC”, 57, of the non-zonal harmonics of 
the geopotential- 


- K oe) n Ph 
U(r.o,2) = Zii po $ 2e 


n=2 m=O 


[Cy cos ma + S™ sm maJ} (1) 


has been made through n == m = 4 using Doppler data from 
the three Satellites 1961 ol, 1961 «nl, and 1962 pl In 
equation (1) 


r= geocentric radius from the Earth’s centre of gravity, 
o=geocentric latitude, A=geocentric longitude from 
Greenwich meridian, 


and P} (z) are the associated Legendre polynomials 


P®(2) = (1—28 ar Pale) (2) 


The values of C1 and S1! were constramed to be identically 
zero in. the determination 

Table 1 presents a brief summary of the Doppler data 
which were chosen for the determination The data were 
chosen. as being the best available from the point of view 
of (1) quality with respect to noise-level, tamimg errors, 
presence of ionospheric refraction errors, and stability of 
the satellites’ transmitted frequencies, (2) uniform 
distribution of station locations over the Earth’s surface 
with particular care taken to avoid an overweight of data 
from stations located within. the continental United States, 
(3) uniform coverage of the satellite orbit by the data with 
respect to the angle between the ascending node and the 
Greenwich meridian 


The principal ionospheric refraction contribution was 
removed by coherently combining two frequencies received 
simultaneously from the satellite m the Doppler recervmg 
equipment! ? To ensure further minimum refraction 
errors, data were considered only if the maximum elevation 
of the pass was less than 83° and greater than 20° Fmally, 
data, points which corresponded to instantaneous eleva- 
tions below 13° were deleted, and the remaining data 
pomts corrected for tropospheric refraction? <A typical 
noise-level for that data finally chosen was roughly 5 parts 
in 101° of the transmitted frequency ‘Tuming errors were 
judged to be below 0 003 sec (3-sigma value) 

The data which survived the foregoing criteria were then 
grouped by days, one group contamme, all passes for a 
piven satellite which occurred between two successive 
midnights (amr) After grouping, only those were 
selected which contamed ten or more high-quality sets 
of data from at least five separate stations with at least 
three bemg outside the continental United States From 
Table 1 ıt can be seen that tho fewest groups of data for 
any one satellite occurred for Satellite 1961 nl This is 
due to the low inclination of the satellite precluding 
reception of datacfrom high-latitude stations While 
considerably more groups of data satisfying the foregoing 
criteria were available for the other two satellites, the 
total number of groups chosen for each satellite was 
limited to being roughly equal to avoid overweightmg the 
data corresponding to a particular mclination In the final 
choice of groups care was taken to ensure a reasonably 
even distribution of angles between the ascending node and 
the Greenwich meridian at the time of the first pass in 
each group In addition, groups for two different satellites 
occurring on the same day were avoided to increase 
the a priore probability that the effects of undetected 
station instrumentation errors and refraction errors were 
random 
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Table 1. SUMMARY OF DOPPLER DATA USED 
No data 
Satellite Inclination Semi-major No. mdividual No distinct groups Average No. Average time 
designation axis (km) Eccentricity satellite station loc, (satellite } passes per span per 
passes orbits) group group (h) 
1961 anl 32 4 7,410 0 010 87 9 8 11 15 9 
1962 Bul 601 7,510 0 007 199 15 9 22 227 
1961 ol 66 8 7 320 0 008 155 13 10 16 23 3 
Totals 441 18 27 


Having made the final choice of groups, a least-squares 
determination of a satellite orbit for each group was made, 
resulting ın no computed arc of the satellite motion lasting 
more than 24 h Orbit parameters spanning data over 
such short time-intervals were chosen because (1) the 
satellite trajectory could be integrated numerically with 
negligible error and made unnecessary the very tedious 
task of solving the perturbed equations of motion to high 
orders, (2) unknown fluctuations in atmospheric drag 
and errors in the values for the zonal harmonic coefficients 
introduce negligible errors 

The computer programme used to determine the orbits 
includes the Sun and Moon forces, although they should 
introduce negligible errors for these short data spans The 
resulting differences between the Doppler data points and 
tho corresponding computed values for the Doppler shift 
(based, on fixed initial values for the harmonic coefficients 
of the geopotential) were used as the final data for the 
least-squares determination of the differential changes in 
the values of the non-zonal harmonic coefficients 

Very briefly, the least-squares procedure -used for 
determining the non-zonal harmonic coefficients was the 
following ‘The differences between the theoretical and 
expcerumental values for the Doppler shift were assumed. to 
arise wholly from errors ın the locations of the tracking 
stations and values for the non-zonal harmonic coeffic1- 
ents It was further assumed that because of these errors 
there existed errors in the orbit parameters associated 
with each group of data Perturbation equations were 
then derived to express these residuals as a function of 
differential changes in the three co-ordinates of each 
tracking station represented in the totality of data, 
differential changes in each of the sıx orbit parameters for 
each group of data, and differential changes ın the values 
of the O? and S} of equation (1) <A special IBM 7094 
computer programme was designed and coded in which 
the differential values of the station positions and orbit 
parameters are continually adjusted to yield an extremum 
of the mean-square data residuals with respect to these 
parameters (irrespective of whether the resulting values 
are reasonable) for any given values for the differential 
harmonic coefficients Consequently, at any pomt in the 
computing process, changes ın the values of the differential 
station and orbit parameters can produce negligible reduc- 
tion in the mean-square data residuals In this way the 
station co-ordinates and orbit parameters are effectively 
eliminated from the least-squares determination of the 
harmonic coefficients The programme ıs then iterated 
until stable values for the differential non-zonal harmonic 
coefficients are obtained 

Table 2 presents the results of the determmation using 
the data summarized in Table 1 Without new data at a 
different inclination, ıt ıs very difficult to estimate the 
true error in these values, and no attempt has been made 
to ascribe a realistic error to each coefficient The fact 
that the station parameters were effectively eliminated 
from the determination ensures that the principal error in 
the resulting values for the coefficients arises from cor- 
1elated errors in the experimental data and not from 
erroneous values for the station locations Consequently, 
the efficacy of this method depends principally on there 
being sufficient experimental data of sufficient accuracy 
that the build-up of computer error combined with experı- 
mental errors does not destroy the sensitivity of the data 
residuals to the harmonic coefficients once the station and 
orbit differential parameters are eliminated Several 


numerical experiments were performed with the amount 
of data intentionally reduced to the pomt where a realistic 
solution would not be expected The objective of the 
experiments was to obtam criteria for the number of 
harmonic coefficients which could be evaluated with the 
data available As expected, these experiments indicated, 
that 1f stable values for the coefficients were produced 
with successive iterations, and if their resulting values 
did not change markedly with changes ın the relative 
weighting of the data residuals, the final values should be 
trustworthy 


Table 2 VALUES OF THD NON-ZONAL HARMONIO COEFFICIENTS 


n m Cr Sr 

2 1 68 x 10-* —0 64x 10-6 
3 1 177 x10-* 019 x 10-* 
3 2 2 86 x 10-7 —0 25x 107 
3 3 1 48x 10-’ 141x107 
4 1 — 5 69x 1077 — 4 60 x 1077 
4 2 0 60 x 107 2 66 x 1077 
4 3 7 90 x 10- — 0 28 x 10-4 
4 4 ~7 85 x 10-° 6 56 x 10° 


Recognizing that the Tesseral harmonic, n=2, m=1, 
should have neghgibly small coefficients, a final check on 
the validity of the values in Table 2 was made by perform- 
ing a new determination with C1 and S! added to those 
coefficients listed ın Table 2 The resulting values for those 
coefficients in Table 2 were not materially altered and the 
values for the new coefficients wére found to be 


2 


= 178 x 10-3, 


St = —348 x 108 (3) 


The fact that they are neghgibly small (compared with the 
values ın Table 2 for m= 1) lends considerable credence to 
the values given in Table 2 

A. comparison between the values given in Table 2 and 
the present lterature®-* indicates agreement of roughly 
the same character as the agreement between any two 
previously published sets of values Consequently, such 
comparisons add little additional information on the 
accuracy of the values presented in Table 2 

Clearly the overall effort involved.m obtaımıng these 
results was very large, and it 1s impossible to acknowledge 
all the people who made valuable contributions However, 
I wish to acknowledge especially the contributions of 
R R Newton and S Yionoulis for their aid in developing 
the satelite perturbation equations, G Worsley, G C 
We:ffenbach, P E P White, and their colleagues in 
connexion with obtaining the experrmental Doppler data, 
and H D Black, C Weisert, R Henderson, and their 
colleagues for their help ın coding and running the complex 
computer programmes involved. 

This work was supported by the Department of the 
Navy, Bureau of Weapons, under contract NOw 
62-0604-c. 
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EXACT INTEGRATION OF THE SPACE-CHARGE EQUATION FOR A 
PLANE DIODE: A SIMPLIFIED THEORY 


By Dr. D H. PARSONS ; 


: Department of Mathematics, University of Reading 


Ta relationship between current and potential 
difference ın a planar vacuum diode 

has been investigated theoretically m two 
different ways Child! and Langmuir’ first 
supposed that all electrons are emitted from 
the cathode with zero velocity, and that the 
potential gradient is zero at. the cathode 
These hypotheses led to the well-known 
‘three halves power law’ Schottky*, Epstem‘, Fry‘, 
Adams (unpublished), Langmuir®? and Blodgett’ assumed 
a Maxwelhan distribution of velocities of the emitted 
electrons, and thereby obtained a satisfactory theory 
But the latter hypothesis has the drawback that 
exact mtegration of the differential equation is mmpos- 
sible, so that a new function has to be calculated 
numerically, 

We shall generalize the simple Chilid~Langmur case, 
making two hypotheses We suppose (1) that all electrons 
are emitted from the cathode with the same velocity, 
this velocity being mdependent of the anode potential, 
and small compared with the final velocity attamed on 
reaching the anode, and (2) that the ratio of the (negative) 
potential gradient at the cathode to the (positive) gradient 
at the anode ıs dependent of the anode potential 

By usmg a technique different from that of Child and 
Langmuir, we shall mtegrate the differential equation 
exactly, and obtam a simple relationship between current 
and potential difference which agrees extremely well with 
that calculated by Fry*, and, independently, by Langmuir® 
for a specific example 

Usmng ees and electrostatic units, let a be the distance 
between the electrodes, u the mitial velocity of an emitted 
electron, v 1ts velocity at a distance a from the cathode 
Let the potential of the cathode be zero, and let V, Va be 
respectively the potential at a distance x from the cathode, 
and the anode potential Let m be the mass, and e(> 0) 
be the magnitude of the negative charge of an electron, 
let £ be the current per unit plate area, and ọ( <0) the 
charge density at a distance x from the cathode Then we 
have, from the equations of energy and continuity, and 
Poisson’s equation 


mv? = dmu? + eV 
[= — pv (1) 
d? V/d? = — 4rp ) 
Let 
u = (ejm)! e> 0 (2) 
Then from (1) and (2) we have 
v = fejm) ty (V + e?) (3) 
VV /da® = 4nI/v 
and thus 
d? V árl 
“dat emy y + at) = © = 


The second-order equation (4) admıts two mtegratıng 


factors, one less obvious than the othe Thus we have 
24V = © Anl 
T dr dz 23/2(e/m)1/24/( V + e?) 


ae Enema VY + &) - (GN) = 


Ne 





and 
ahem VV + ©} | Ges -a TTA] 
a h ae ae VV + e) + Sele 0 
Integrating, we therefore have 
sitet VV + 2) — (Sy) =A (5) 


dV © 24nI 48r?r? 
(a Je - mem 3 TVT +e T a = B (6) 


where A and B are independent of v Smce V = 0 when 

= 0, and V = Va > 0 when x = a, 1b follows that if 
dV/dx < 0 when x = 0 (which we suppose to be the case), 
there must be a value of x (0 < x < a) for which dV/dx = 
0 At this pomt, the velocity v > 0, that is, 4/(V + £?) > 
0, and thus we see, m (5), that A > 0, so that the left- 
hand side of (5) ıs positive for all values of x (0 < v < a). 

The boundary conditions are V = 0 when x = 0, 
V = Va when «=a Let the ratio of the potential 
gradient at the cathode to that at the anode be — A 
(1 — A) (0 < A < 1), so that we may write 


(E) = 


(= =a 


— 4r 29 
Q1/4(e/m)1 14 


Aplleyiie] — A)p 
21/4(e/m)1!4 


à and p bemg unknown functions of Va Putting these 
values, together with the above boundary conditions, ın 
(5) and (6), we obtain, after a httle reduction 


(Va + £) — (1 — Ap? = £ — 2p? 
2(1 — APp? — 3(1 — A\pa/(Va + £?) + (7) 


3 nilIia 
93 4(e/m)ti4 = —2)3p? + 3dpe 


and thence 
(1 — 2A)p? = +/(Va +e?) — e (8) 
21/2(e/m)1/2 
= araa (1 — BAlp* + Se}? (9) 


Since we have shown that the left-hand side of (5) 1s 
positive for all values of v, we see fiom (7) that 


Mp? < e (10) 
while, from (8), we also have 
A<i 


Ehnunatmg p? between (8) and (9), we obtam, after 
some reduction 


October 12, 1963 


No 4902 


{1 aaa (3 aig 8A)/(1 — 22)}(1 of e? Va}! 
+{8(1 ~ a1 — Ba)/(1 — 2)*}(e/ V413) 


F 21/2(e/m)1!2 V7 a?! 


7 9ra? +{Uf(L — 22)*}(c2/Va)(1 + e?/ Va)! 


— {1/1 ~ 22)5}(e*/ Va)! 


Up to this pomt we have made no hypothesis concernmg 
the intial velocity, or the potential gradients at cathode 
and anode We shall now suppose that, except possibly 
for very small values of Va, the muitial velocity of an 
electron 1s independent of anode potential, depending 
only on cathode conditions, and bemg small compared 
with the velocity attamed on reachmg the anode That 
is, from (2) and (3) we shall suppose that £ 1s constant, 
and that e/ V_1/* 1s small 

From (10) and (8) we have 


= (1 — 2A) e 
“pt (Va +e) — 8 
= (1 — 2a){4/(Va + ©”) + e}(e/ Va) 
< (e/ Va (1 + ©2/Va)2 + e/ Vat!2} 
Thus, if £/ Va! be small, >? 1s small of the same order 


Neglecting c#/Vqa m (11), writing u for 323 — 8A)/(1 — 
22), and v for 3(1 — AM1 — 3Aj)e/(1 — 22)8, we obtam 


Q1/2(¢ m)! 
I = P Mem) {(1 aii 2) Fa?’ -+ vVa} 


2 


(12) 


or, expressing J and Vam amps and volts 


I = (233 x 10-*/a2){(1 — u) Vas? + Va} (13) 


0 26 
0 24 
9 22 á 
0 20 
018 
= 016 
g Our theory 
3 014 
& 
w 012 
> 
010 


008 + x “Three-halves power law’ 


0 Ae (eRe re eee 
2 6 10 14 18 22 26 
Vil? (volts)? 
Fig 1 PlotofZ/V against V' x, Fry’s figures, +, Langmuur’s figures 
I _ 233 x 10“ 


F, aa {(1 ~ u) Vat? + a} (4, o small positive) 
a 


” 
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where u and o are small and positive, u bemg 
dimensionless and o having the dimensions of 
the square root of a potential ; 

We now come to our second hypothesis 
We suppose that the ratio of the potential 
gradient at the cathode to that at the anode 
(namely, ~ A (1 — 4)), 1s constant That 1s, 
we suppose A constant, and therefore that u, v, o here 
are all constant Equation (13) therefore expresses 
I in terms of Va 


(11) 


Table 1 
I (m amp) Y (V) IIV (m amp/¥) J/V (Vy? 
Fry’s figures 
i 016 2 0 080 14 
0 32 5 0 064 22 
08 13 0 062 26 
16 23 0 070 48 
32 39 ` 0082 62 
8 78 0 103 88 
16 130 0 123 114 
32 208 0154 144 
64 338 0189 18 4 
96 453 0 212 213 
128 550 0 233 23 5 
160 645 0 248 25 4 
Langmuir’s figures 
016 25 0 064 16 
16 24 4 0 066 49 
16 131 6 0 122 115 
160 645 0 0 248 25 4 


To demonstrate the great acemacy of the results 
obtained by the simple expression (13), with our hypothesis 
that u and o are small positive constants, we consider an 
example calculated, on the hypothesis of the Maxwellian 
velocity distribution, by Fryë and by Langmuir® This 
is the case of a cathode of tungsten at 2,400° K, the plate 
separation beng 05 cm WNoticmg that (13) may be 
written in the form 


I/Va = (233 x 10-*/a2){(1 — u) Vall? + o} 


we plot J/Va agamst V,'/? The excellent straight hne 
obtained confirms our hypothesis that u and o are con- 
stants The shght deviation from the straight hne for 
the smallest values of Va 1s due to the error m neglecting 
e?/ Va at this end of the range, ın deriving (12) from (11) 

The mtercept on the axis of ({/Va) and the slope of the 
lne give, for this example, the values u = 0 05,c = 27 
(volts)! /2 . 


1 Child, © D , Phys Rev , 32, 498 (1911) 

* Langmuir, I , Phys Rev (2),2, 450 (1918) 

3 Schottky, W , Phys Z ,15, 526, 624 (1914) 

‘Epstem, P S , Ferk Deutsch Phys Ges , 21, 89 (1919) 

ë Fry, T ©, Phys Rev (2),17, 441 (1921), (2), 22, 445 (1923) 

6 Langmtur, I , Phys Rev (2), 21, 419 (1923) 

? Langmuir, I , and Blodgett, K B , Phys Rev (2), 22, 347 (1923) 


FREE-ENERGY DIFFERENCE BETWEEN THE ALPHA AND BETA 
STATES IN KERATIN 


By M FEUGHELMAN . , 
CSIRO Division of Textile Physics, Wool Research Laboratories, Ryde, Sydney 


HEN a keratin fibre ıs extended, the high-angle 
X-ray diffraction pattern shows a disappearance of 
g-keratim, as mdicated by the 51 A meridional repeat 
Bendit! has shown, and Skertchly and Woods? have 
confirmed, that this disappearance of a-keratin and the 
appearance of the B-keratin pattern are continuous over the 


extension range of 0-70 per cent for wool fibres in water 
This indicates that the openmg up of the «-crystallites and 
the formation of the §-crystalhtes occur contimuously, 
and Bendit? has suggested that, at any fixed extension, 
equilibrium is established between «-crystallites = hquid 
phase = f-crystalltes Estimates from mechanical 
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Fig 1 Plot of the equilibrium strain ‘r’ in equation 1 (see text) against the 

stress ratio f/f, for different values of ‘n’, the number of molecular units 

acting co-operatively in the antolamg and folding of a- and f-erystallıte 
units 


measurements on single fibres of the free-energy difference 
between the units in the «- and §-crystallites have been 
made by a number of authors®*1! However, because 
their measurements are not continued until mechanical 
equilibrium. was‘obtamed, their values were high. Values 
of the free-energy difference are estimated im this article 
from mechanical data obtamed at mechanical equilibrium 

Let the frée-energy difference between the mdividual 
units ın the «- and §-crystallites be AF* calorres/mole 
The ‘liquid’ phase intermediary between the æ- and ß- 
states will be assumed to be at a free-energy level above 
that of the a- and @-states In these circumstances at 
stress equilibrium the strain ‘r’, expressed as a fraction of 
the maximum strain (when all the structure 1s ın the ‘B'- 
state), may be shown, from the work of Burte and Halsey‘, 
et al ©&®, to be 


1 


7 aa 
AF * 
e(r — 2af) +2 


where f ıs the force actmg on the mdrvidual molecular 
chain, n 1s the number of molecular units acting co-opera- 
tively, ın. the sense that they must fold or unfold smul- 


(1) 


taneously, R 1s the universal gas constant, T 1s the abso- 


lute temperature in degrees, and a is a quantity dependent 
on the temperature and the volume swept out by the 
unfolding structure (see equation (2)) 

For a large value of n (as might be expected ın a crystal- 
lme structure), the value of r varies rapidly from zero to 
unity for values of f close to fe= AF*/2aRT For all 
values of ‘n’, f=fa at r=05 In Fig 1 the relationship 
between the stram ‘r’ and the force ‘f’ expressed as a 
fraction of fe demonstrates how with increase of the value 
of ‘n’ rapid changes of ‘r’ occur for values of ‘f’ close to ‘f,’ 
Hence for most values of stram at which both «- and 
8-crystallme phases are present the value of f ıs almost 
constant The approach here has been on the basis of the 
rate process theory The same value of ‘f’ may be obtained 
by application of the analogue of the Clausius-Clapeyron 
equation to the equilibrium between two crystaline 
phases’ 

However, the latter approach only applies for n= œ and 
does not imdicate, for smaller values of ‘n’, the deviation 
from constancy of the force ‘f’ as the ratio of the two 
crystalline fractions varies The stress-stram curve for a 
wool fibre m water at room temperature has a region 
between about 2 and 30 per cent strain (m Fig 2, 4B tho 
yield region) m which httle change m the stress-level 
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occurs over a large stram range Several authors®:* have 
analysed this region of the stress-strain curve m terms of an 
a=B8 transformation With extension mto the post-yield 
region (BC), where there is a rapid merease im stress with 
extension, there 1s no discontinuity m the graph of X-ray 
intensity at 5 1 A against extension for fibres extended in 
water However, the normal stress-strain curve, carried 
out over periods of minutes, ıs not an equilibrium curve 
Stress measurements on Corriedale wool fibres held exten- 
ded in water at 45° C at 15 and 45 per cent strain indicated 
that stress equilibrium was reached after about-1,300 mm 
(Fig 3) The mean value of the stress (based on the wet 
diameter) for fibres extended 15 and 45 per cent was 1 7; x 
108 dynes/em*, and 1 5, x 10° dynes/cm? respectively As 
pomted out by Crferr1’, a sımılar value for the equilibrium 
stress was obtained in Wood’s$ stress relaxation measure- 
ments This suggests that the value of the critical stress fe 
to maimtain equilibrium m a structure meluding both the 
æ- and ®-forms 1s approximately 15x108 dynes/cm? 
A further estimate of the equilibrium stress was obtaimed 
in which the stress was approached from a lower value 
Fibres were swollen and contracted m 8M htbium bromide 
solution at room temperature to the first stage of contrac- 


- 


Strain 





O 
Stress 


Fig 2 A typical stress-strain curve of a wool fibre m water (OABC 

showing the three distinct regions, the Hookean (OA), yield (4B) an 

post-yield regions (BC) Also ih ee the equihbrium stress-stram 
curve 


Stress (x 10° dynes/em*) 





100 


1,000 
Time (min) 


Fig 3 The stress relaxation of two typical Cornedale wool fibres, one 

at 15 per cent extension, the other at 45 per cent im water at 45°C The 

fibres initially are at different stress-levels (as indicated by pomts XY and Y 

m Fig 2) and come to equilibrium after about 1,300 min to the same stress- 
level (points X’ and Y’ in Fig 2) 
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tion and then extended to 15 per cent «above their original 
native length The lithum bromide was then washed out 
with distilled water, a treatment which has been shown to 
restore the fibre to its native state? The stress in the 
extended fibres rose from a lower value in the hthium 
bromide solution to an average value of 1 3, x 10? dynes/ 
cm? in the water X-ray diffraction patterns of these 
fibres ın ther extended state showed that the structure 
had returned to that of a normal fibre m water The 
process of washing out a swollen, extended fibre would not 
be expected to introduce any temporary stress, such as XX” 
and YY’ m Fig 2, the mtroduction of such stress would 
mean formation under tension of bonds and entangle- 
ments!’ which are unstable when under tension It follows 
that the stress of 1 3, x 108 dynes/cm? represents the stress 
necessary to maintain the a- and B-crystallme phases m 
equilibrium, and as such is m reasonable agreement with 
the previous figure of 1 5 x 10® dynes/cm? 

If the energy barrier between the «- and #-crystalline 
phases 1s assumed to be symmetrical, then the value of a m 
equation 1 1s given by* 


y 
T (2) 


where F= volume of the molecular flow umt, and $= 
Boltzmann’s constant, therefore 


AF* = 2f,RT 
R 
= foV = foVN (3) 


a = 


where N = Avogadro’s number 
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The «—@ translation distance 1s I 8,A(3 33A—1 45A) in 
the fibre direction Assummg hexagonal packmg of the 
a-helices, resulting ın the X-ray diffraction pattern having 
the 98 A equatorial reflexion, the value of V ıs 200 Å? 
If the force fọ 13 due only to the crystalline part of the 
keratin structure, then, with f,=1 5 x 108 dynes/em? based 
on a wet fibre diameter, a flow volume of 200 A3, a dia- 
metral swellmg dry to wet (in water) of 16 per cent, and for 
an assumed crystalline fraction-range of 0 2-0 5, ıb follows 
that the value of AF * ranges from about 3 to about 1 keal/ 
mole Previous values*:*1! obtamed for the difference m 
free energy between the folded and unfolded states of the 
polypeptide chains in keratin range from 4 5 to 10:5 keal/ 
mole These higher values are due to the fact that equilib- 
rium measurements of fọ were not obtained In these 
circumstances the values of f, mcluded a large component 


-Of force which disappears with time (Fig 3) 


It should be further noted that, with the reduction of 
disulphide content of wool fibres!? the value of fẹ 1s 
reduced Whether removal of disulphide reduces the free- 
energy difference between the «- and §-states or reduces the 
effective crystalline fraction of the fibre 1s not clear 


1 Bendit, E G , Nature, 179, 585 (1957) 

* Skertchly, A ,and Woods, H J,J Text Inst , 51, T517 (1960) 
* Bendit, E G (comment ref 2), J Teat Inst , 61, T524 (1960) 
* Burte, H , and Halsey, G , Text Res J ,17, 405 (1947) 
*Feughelman, M , J Vert Inst , 45, T6380 (1954) 

*Ruof, A L, and Eyrmg, H, Prec Intern Woot Textile Res Conf 

Austral , vol D, 9 (1955) 

” Ciferri, A , Trans Faraday Soc (in the press) 

8 Wood, G C,J Text Inst , 45, T462 (1954) 

*Haly, A R,and Griffith, June, Text Res J ,28, 32 (1958) 
10 Feughelman, M (unpublished results) 
n Skertchly, A , Nature, 191, 138 (1961) 


SOIL MOVEMENT ON SLOPES ; 
By Dr. ANTHONY YOUNG 


Universıty of Sussex, Falmer, Brighton 


N a previous communication! I described techniques 
developed to measure the rate of movement of soil on 
slopes, and reported prelummary results Measurements 
of movement over a 4-year period have now been obtamed 
The technique is ulustrated m Fig 1 On each of 5 
sites a trench was dug through the sol and 6 reference 
pegs were firmly embedded ın the rock beneath, 3 near 
the up-slope and 3 near the down-slope end of the trench 
The distances from each rod to the reference pegs were 
measured, twice, thus for each rod the distances AB and 
AC were the means of 6 measurements The positions of 
the rods were obtained by solvmg the triangle ABC The 
plots were established in October 1958, and the trenches 
filled m, m October 1962 they were re-excavated and the 
measurements repeated The movements of the rods were 
derived, from changes in the mean lengths of AB and AC 
The plots were sited on the east side of Alport Dale, 
North Derbyshire (Nat Gnd Ref SK/133921), on slopes 
of 25°-30°, at 350 m altitude The soil is a yellowish- 
brown sandy loam, passmg mto Mullstone Giit sandstones 
(Upper Carboniferous) at approximately 50cm Above the 
roots and 5-cm humus ‘There 1s a dense grass cover, with 
mineral soil are horizons of 5-cm undecomposed grass 
Deschampsia flexuosa dommant The mean monthly 
temperature 1s 1 8° C m January and 13 7° C in July, and 
the mean annual rainfall ıs 1,400 mm 
After rejecting rods which showed imeconsistent move- 
ments, assumed to be caused by disturbance during re- 
excavation, results frofn 57 rods were obtained These 
iesults are shown in Table land Fig 1 The mean move- 
ment m the humus horizon was 33 mm, while m the 
horizon of undecomposed orgame matter regular move- 
ments of up to several centimetres occurred In the 
muneral soil most movements were of approximately 2 mm, 


and were in directions intermediate between vertical and 
perpendicular to the ground surface There was no system- 
atic variation m the amount of movement from 50 to 350 
em depth, m the upper 50 cm movements were slightly 
more than 2 mm, whilst below 350 cm they were of the 
order of 1 mm 

The unexpected feature of the results 1s that the com- 
ponents of movement perpendicular to the ground surface 
substantially exceed the parallel (down-slope) components. 
This is difficult to explam in terms of soil creep, m which 
material is removed from a slope by transportation to the 
slope foot The perpendicular movement could be 
accounted for by a loss from the soil of material released 
by weathermg and carried away 1n solution or suspension. 
by ground-water, thereby causing a direct removal of 
material from the slope The results suggest that this 


Table 1 


MOVEMENT OF RODS BURIED IN THD Som ON 25°-30° SLOPES 
DURING FOUR YEARS 





Components of 
movement paraliel 


Mean movement to, and perpendicu- 


Depth below lar to, ground 
Pae o No oe surface 
mineral] sol ro ne 
(mm) Angle, relative to 
Distance | perpendicular to} Parallel | Perpen- 
(mm) ground surface (mm) dıcular 
(08 ın Fig 1) mm) 
Humus 
wwe ajaj g Jaja 
51-100 7 19 18° 06 18 
me | tja] 2 Jy 
201-250 7 | 18 11° 03 18 
251-300 4 19 20° 06 18 
301-350 4 20 0 00 20 
351-550 5 | 12 5° 01 12 
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Fig 1 


Technique of measurement of rods bured in the soul, and 
mean movements obtained from five plots over a four-year penod 
81s the angle given in Table 1 
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process 1s more important ın slope retreat than ıs the down- 
slope movement of soil creep - 

The unit for measurmg volumetric down-slope move- 
ment of sou 1s the volume of soil moved annually across a 
plane perpendicular to the ground surface and parallel 
with the contour of the slope. for umt horizontal distance 
From Table 1 a 
down-slope movement of 0 46 cm*/cm/yr 1s obtaimed, this 
compares with 06 em'/cm/yr previously obtamed from 
observations over 2 years! If a soil depth of 50 cm 1s 
assumed, this may be extrapolatod to give a mean down- 
slope movement of the soil layer of the order of 1 em in 
100 years 

The amount of slope retreat corresponds to the move- 
mont of the mmeral soil perpendicular to the ground 
surface Taking a mean value of 2 0 mm over four years, 
this may be extrapolated to give a slope retreat of 5 cm n 
100 years Sources of error in measurement are such that 
the precise values obtamed are not significant, but if the 
order of movement ıs correct, ıt may be concluded that 
under present climatic conditions, on soil-covered slopes of 
20°--30°, slope retreat occurs at a rate of the order of 
500m per milhon years This relatively high value is in 
accord with the recent trend towards attributmg the 
evolution of land-forms to shorter periods of time than 
was previously believed? Under colder climatic conditions 
in Sweden, and for rock chffs, Rapp? has measured the 
present rate of slope retreat at 0 04-0 15 mm/yr, equiva- 
lent to 40-150m per million years 

I acknowledge with thanks permussion to site these 
experiments on Forestry Commission land ‘The work was 
assisted by a grant from the Research Fund of the 
University of Sheffield 
1 Young, A , Nature, 188, 120 (1960) 

? Linton, D L, Adv Sex, 14, 58 (1957) 
? Rapp, A, Geogr Ann Stockh , 42, 65 (1960) 
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CONFORMATION OF OCTACHLORONAPHTHALENE 
By Dk G GAFNER and Dr F H HERBSTEIN 


National Physical Research Laboratory, Council for Scientific and Industria) Research, Pretoria 


CTACHLORONAPHTHALENE ıs severely over- 
crowded, as the distance between «-substituents m 
the hypothetical regular and planar molecule would be 
2 4 A, whereas the closest approach found between chlorme 
atoms in different molecules ın crystals ıs about 3 5 
Furthermore, the overcrowding of the «-chlorines cannot 
be effectively reduced by in-plane splaymg apart because 
of buttressing by the @-chlorines Larger deviations from 
planarity are thus expected than have been found for 
1 4 5 8-tetrachloronaphthalene?:* 

We have recently analysed the crystal structure of 
octachloronaphthalene, and the available results give the 
molecular conformation unequivocally The structure was 
determined by Patterson methods and a three-dimensional 
least-squares refinement was carried. out on an IBM 704 
computer usmg the ORXLS programme of Busing and 
Levy The R factor 1s 21 per cent at the present stage of 
refinement of the 2160 visually-measured intensities 
Separate scale factors for ROL to h6l layers have been used 
and separate isotropic temperatwe factors for all atoms 
The crystallographic data? are 


a = 1948+ 003, b=7 30 + 004 c=976+ 001A 
B = 111°33’ + 35’ Space group P2,Ja Z= 4 
Pmeas = 2 08, peale = 207 gm/cc Needle axis [010] 


The atomic paiameteis and then estimated standard 
deviations are given for one molecule (the asymmetric 
unit) in Table 1 The results derived from these values are 
shown m Fig 1 


Table 1 ATOMIC PARAMETERS (FRACTIONAL CO-ORDINATES AND ISOTROPIC 
T¥FMPERATURE FACTORS) AND THEIR ESTIMATED STANDARD DEVIATIONS 


Atom u v w B (A?) 
Cli 0 1262 ~ 0 3128 — 0 0198 2 68 
0 0002 0 0006 0 0004 0 39 
C12 0 0594 0 8764 — 0 3481 3 10 ‘ 
0 0003 0 0007 0 0005 010 
C13 Q 1557 Q 4851 — 0 5232 3 24 
0 0003 0 0007 0 0005 010 
Cl 4 0 3231 0 4925 — 0 3750 3 26 
0 0003 0 0007 0 0005 010 
C15 0 4325 0 2454 —0 1576 3 03 
0 0008 Q 0007 0 0005 0 09 
C16 0 5087 0 2636 0 1762 3 45 
0 0003 0 0007 © 0006 010 
C17 0 4228 0 3777 0 3716 3 23 
© 0003 0 0007 0 0005 010 
C18 0 2585 0 4270 0 2423 279 
0 0002 0 0006 0 0005 0 09 
C1 0 1864 0 363 —0 106 24 
0 0009 0 003 6 002 03 
C2 0 1534 0 390 — 0 260 22 
0 0009 0 062 0 002 03 
C3 0 1983 0 424 — 0 338 21 
0 0008 6 002 0 002 03 
C4 0 2727 0 419 — 0 273 20 
© 0008 6 002 0 002 03 
C5 0 3819 0 320 —6 059 22 
0 6008 6 002 o 002 03 
C8 0 4166 0 318 0 896 24 
G 0009 6 602 a 002 03 
C7 0 3773 0 356 0 182 24 
o 0809 0 002 0 002 03 
cs 6 3007 0 382 0 123 20 
0 0008 0 602 6 002 03 
C9 0 2636 0 370 — 0 035 17 
0 0007 9 002 o 002 92 
C10 0 3076 g 370 —-0 122 16 
© 0608 6 002 0 002 G2 
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CL C£ DISTANCES IN A 


, TEMPERATURE FACTORS 


Fig 1 Numbermg of atoms, molecular dimensions and isotropic 
temperature factors The estimated standard deviations are o(Cl Cl) 


=0 007, o(C — Cl) =0 018, o(C—C)=0 024 A, o(CCCl) =1 8°, o(CCC) =1 5° 


The mean C-C distance 1s 140 A and the mean C-Cl 
distance 13 172 A, both these averages are as expected 
and none of the differences between the mndividual distan- 
ces and the appropriate mean, nor between 
the bond angles within the carbon rmgs and 
120°, 18 statistically significant The devia- 
tions of the atoms from the mean molecular 
plane (calculated by the method of Scho- 
maker et al 4, giving Cl and C atoms relative 
weights of 10 and 1l respectively) are highly 
significant and establish the conformation of 
the molecule The overcrowding of «-substi- 
tuents is reheved by out-of-plane displace- 
ments, m different directions withm a pair, 
of between, 0 54 and 079 A and an mmcrease 


of the angles of type Cl 1C1C9 to a mean of 
123 7° ‘The 8-substituents are displaced by 
between 037 and 047 A from the mean 
molecular plane The most imteresting 
feature of the molecular conformation 1s that 
adjacent «- and 6-chlorme atoms (for exam- 
ple, Cl 1 and 2) are displaced m the same 
direction The carbon atoms follow the 
chlormes to which they are bonded with 
displacements about one-third as large as 
those of the chlorines 

The free molecule of octachloronaphthal- 
ene would be expected to have D,-222 sym- 
metry Fig 1 shows that highly significant 
deviations from this symmetry occur for 
the molecule in the solid state The main 
deviations from D, symmetry are 

(1) The smaller out-of-plane displacements 
and temperature factors of Cl 1 and Cl 8 com 
pared with those of Cl 4 and Cl 5 
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(2) Tho shorter Cl 1 CI 2 and C17., Cl8 distances 
compared with Cl 3 Cl 4 and Ol 5 Cl 6 

These deviations are a consequence of packing forces 
and can be quahtatively explamed m terms of the molecu- 
lar arrangement shown in Fig 2 The crystal 1s composed 
of stacks of molecules with stack axes parallel to [010] 
The molecules within any one stack are related by a screw 
axis parallel to [010] and are successively displaced by 
about 24 A in positive and negative directions parallel 
to [201] This results in one half of each molecule bemg 
positioned between the molecules above and below it, 
the other half bemg essentially free The packing forces 
thus cause Cli and Cl8 to have smaller out-of-plane 
displacements than Cl 4 and Cl5 The lower temperature 
factors of Cl 1 and Cl 8, compared with those of Cl 4 and 
CI 5, and the shorter Cl1 . Cl2andCl7 C18 distances 
as compared with C1 3 ..Cl4 and Cl5 Cl 6 are also 
consistent with the operation of compressive packmg 
forces on Cll and C18 However, ıt should be noted that 
some of these latte: differences are not yet securely estab- 
lished statistically 

The closely analogous molecule octamethylnaphthalene 
has been investigated by Donaldson and Robertson’ and 
found to possess exact D,-222 symmetry m the solid state 
by virtue of its position m the unit cell It can thus have 
either of the following conformations 

(I) As found for octachloronaphthalene in the present. 
work, that 1s, with the adjacent substituents within each: 
x- or B-pair displaced ın different senses from the mean 
plane and with adjacent «8 substituents displaced in thé 
same direction 

(II) With adjacent substituents displaced in opposite 
senses independent of whether they constitute an «- or 
8-pair or not 

Donaldson and Robertson pomted out that the two- 
dimensional data obtamed by them did not permit a 
direct choice to be made between these two conformations, 
as II was considered to be the more plausible, thew 
subsequent discussion was based on the assumption that 
this was m fact the true molecular conformation In the 
light of the present results there seems httle doubt that 
conformation I, and not II, 1s adopted by octamethyl- 
naphthalene 


( Yes 
© 





o 


Fig 2 Packmg of molecules m the crystal, seen m projection on (010) The numbered 
atoms are those the parameters of which are listed im Table 1 The v co-ordinate of the mean 
molecular plane is denoted at the centre of C9-C10 for each molecule, the upper (puckered) 
layer of molecules has full circles, the lower open circles The mtermolecular distances 
are those expected for normal van der Waals contacts between different molecules 
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An explanation for the preference for conformation 
I over conformation II can be given ın terms of the 
molecular stram energy which can be considered to 
consist of two parts (a) the energy associated with close 
approaches between adjacent substituents, (b) the skeletal 
strain energy 

Conformation I mimimizes the skeletal stram energy 
at the expense of increased substituent mteraction energy 
In contrast, conformation IT does the opposite as in this 
conformation the carbon atoms would form chair-shaped 
rmgs by following the chlorime deviations from planarity 
Chair-shaped rings would only be expected to bo energetic- 
ally preferred when bonding ıs tetiahedral, fo. example, 
in cyclohexane A dimimution in skeletal stram energy 
would thus be expected on gomg from the hypothetical 
double chair-shaped naphthalene nucleus to the twisted 
(propeller-shaped) naphthalene system found m the 
present work This dimmution must be numerically 
greater than the mcrease im repulsive energy associated 
with type Cll Cl 2 chiorme pairs, on gomg from con- 
formation IT to I 

Another naphthalene derivative which 1s probably 
deformed m the same way as octachloronaphthalene is 
tetrabenzonaphthalene, for here coupling of adjacent «- 
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and B-carbon atoms of the naphthalene nucleus by the 
substituent rmgs precludes the adoption of conformation 
II A partial analysis of the crystal structure of tetra- 
benzonaphthalene has been reported‘, but the only definite 
conclusion that could be drawn from the one projection 
obtained was that the molecule was not centrosymmetric 
The naphthalene rng system in 1 4 5 8-tetrachloro- 
naphthalene also shows a tendency towards the twisted 
conformation, but the deviations from planarity (less than 
0 05 A) are much smaller than in octachloronaphthalene 
The novel features established by this analysis are the 
propeller-like conformation of octachloronaphthalene and 
the appreciable fluence of the crystal packing-forces on 
its symmetry m the solid state Detailed mformation 
about the naphthalene rmg system and the thermal 
vibrations of the molecules in the crystal will require 
more accurate mtensities, and ıt ıs hoped to re-measure 
these by counter techniques 
1 Gafner, G , and Herbstein, F H. , Acta Cryst ,15, 1081 (1962) 
2 Davydova, M A ,and Struchkov, Yu T ,J Struct Chem ,3, 184 (1962) 
3 Gafner G , and Herbstei, E H , Acta Cryst ,18, 702 (1980) 
t Schomaker, V , Waser, J , Bergmann, G , and Marsh, R E, Acla Cryst, 
12, 600 (1959) 
5 Donaldson, D M , and Robertson, J M,J Chem Soe , 17 (1953) 
€ Herbstein, F H , and Schmidt, G M J,J Chem Soe , 3314 (1954) 
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SOLVENT RETENTION AND GEL FORMATION IN POLYVINYL 
CHLORIDE 
By M. A. CROOK* 


British Insulated Callender’s Cables, Ltd, Research Organization, London 


T is generally recognized that cross-lnkmg with gel 

formation, or degradation with decrease in molecular 
weight, can occur in polyvinyl chloride depending on the 
radiation conditions! and on the presence of additives 
in the polymer’ It has also been shown that gel forma- 
tion in polyvinyl] chloride follows closely the form required 
for a cham reaction! and that considerable differences in 
gel formation may be observed between powdered. poly- 
vinyl chloride and that cast in the form of a film 

It ıs proposed to give an account of the work which has 
been done ın this laboratory using the normal technique 
of casting films from a solvent, and to discuss the effect of 
the residual solvent on the cross-lmking process The 
preliminary results apparently ındıcated that the percen- 
tage gel obtamed on irradiation 1s proportional to the 
thickness of the film, however, infra-red examination of 
polyvinyl chloride cast from tetrahydrofuran (THE) shows 
in fact that in spite of prolonged pumpmg under high 
vacuum to apparently constant weight, such films may 
contain a considerable amount of solvent in them Films 
cast from chlorobenzene and methyl ethyl ketone show 
simular behaviour , a film pumped under hgh vacuum to 
apparently constant weight may contam 2-4 per cent 
solvent The variation of gel fraction with percentage 
solvent depends on the radiation dose piven, Fig 1 shows 
this variation for two films of thickness 0 20 and 0 05 mm 
cast from chlorobenzene, the percentage solvent was 
determined by infra-red absorption measurements 

Unfortunately, ın spite of prolonged pumpmg of the 
film (>100 h) at a pressure of less than ly and at a 
temperature of 60° C, 1t has not been possible to obtain 
samples of the required shape and thickness with less than 
0 25 per cent solvent without mcurrig some degradation 
Attempts to remove solvent by solvent exchange with 
either methyl alcohol or carbon disulphide were also 
unsuccessful Films of thickness 0 05-0 1 mm thick cast 
from chlorobenzene, 1mmersed in carbon disulphide for 


* Present address Department of Chemistry, Borough Polytechnic, 
London, SE 1 


28 days, still contained 0 3—0 4 per cent chlorobenzene 
Similar films cast from tetrahydrofuran also contaimed 
residual solvent? 

Examination of the solvent-contaimmg films before and 
after irradiation shows no substitution of the solvent 
molecules by chlorine nor hydrogen atoms, and extraction 
of the sol fraction almost completely exchanges the solvent 
present in the film with that used for extraction This 
shows that the solvent molecules are not chemically 
attacked nor are they attached to the cross-linked material 
This ıs contrary to the experience of Alexander and Toms’, 
who showed that naphthalene was incorporated im films 
of polymethyl methacrylate on irradiation These poly- 
vinyl chloride films also obey the relationship log S= 
y(R-—R,)+2, where S is the percentage sol fraction at 
dose R megarads and R, the gel dose, both y and FR, 


Gel fraction (%) 





0 2 4 6 8 10 1a 
Chlorobenzene (%) 


Fig 1 Variation of gel fraction with percentage chlorobenvene in a 
sample of polyvinyl chloride (‘Corvic 65/8’* supplied. by Imperial 
Chemical Industries, Ltd ) @, 64 Mrads, x, 27 Mrads 
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Table 1 VARIATION OF PERCENTAGE OF CHLOROBENZENE IN POLYVINYL 
CHLORIDE ON IRRADIATION* 


No 4902 


of y of % Gel 
Dose Chlorobenzene Chlorobenzene Chiorobenzene Pesan 
(Mrad) before er after by extraction 
irradiation irradiation extraction t with THE 
27 10 4 10 0 0 827+15 
54 109 101 0 ~ 951203 
108 10 6 85 0 96 9403 


VARIATION OF PERCENTAGE OF METHYL ETAYL KETONE (MEK) in POLY- 
VINYL CHLORIDE ON IRRADIATION t 


% Gel 
Dose %MEK % MEK % MEK % dea by 
Arad} before after after Chiorobenzene extraction with 
irrad rad extraction from extraction chlorobenzene 
54 30 27 02§ 8 716+22 
108 30 20 05 11 95 4+14 
216 15 10 00 16 102413 


All the samples were irradiated at 60°C and under high vacuum, the 
cell was opened to air 2 min after irradiation and Immediately extracted 
with solvent These results are the average of at least four separate samples, 

* The results fit the equation log S=2—1 22 x 10-? (R-34 5), with a 
standard deviation of + 018 


+ The mfra-red absorption of THF in the extracted samples was always 
too large to measure 


t The results fit the equation log S=2—146x 10-2 (R~—165) when the 
solvent content 1s 3 per cent 

§ After irradiation considerable broadening of the peak of the MEK 
absorption spectra was observed due to interference of oxidation products 
formed during the extraction process, hence the values quoted for percentage 
MEK after e\traction are upper limits only Antioxidant added to prevent 
this oxidation was preferentially absorbed by the polyvinyl chloride and 
gave even greater interference of the spectra 


depend on the amount of solvent and its nature The 
results are given in Table 1 

Hence any free radical chain mechanism proposed for 
irradiation processes in polyvinyl chloride must allow for 
the presence of small quantities of solvent molecules which 
markedly affect the radiation properties without them- 
selves of necessity bemg involved chemically Such a 
possible mechanism may be described as follows If the 
primary process of irradiation results in the production of 
free radicals® erther directly or through mtermediate ions", 
then such radicals are probably formed in an excited state 
with a considerable quantity of excess energy which 
presumably 1s present as vibration energy In any polymer 
this vibrational energy 1s available to overcome steric 
factors for cross-linking between adjacent molecules In 


NATURE 


133 


the case of polyvinyl chloride, however, some of this 
energy may be removed by the process of ‘splitting off’ a 
hydrogen chloride molecule, such a process would be 
favourable as the free radical would then become resonance 
stabilized, but would have less energy available for cross- 
hnking This accounts for the exceptional stability of 
some polyvinyl chloride radicals, and for the loss of 
hydrogen chloride which occurs after irradiation and on 
heating™? 

Now it is known that when polyvinyl chloride 1s 
irradiated m solution, even in very dilute solution, it 
cross-links with a high degree of efficiency?, and this 1s 
explained as being due to the mobility of the polymer 
molecules Therefore, if the local presence of a solvent 
molecule enables part of a polyvinyl chloride chain to 
acquire more freedom of movement, this solvent molecule 
will have increased the cross-lmkimg efficiency without 
itself having taken part ın the reaction Ths idea is 
further supported by the work of Shinohara et al ™*, who 
showed that treatment of polyvinyl chloride with tebia- 
hydrofuran after wradiation but under vacuum mcreases 
the amount of cross-lmking 

I thank Dr R M Black for his encouragement and 
advice, Mrs D E Speed and Mrs R Ross for carrying 
out the infra-red measurements and Dr L G Brazier. 
director of research, British Insulated Callender’s Cables, 
Ltd , for permission to publish this communication 
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ABNORMAL GLUCOSE TOLERANCE IN REPEATEDLY BRED RATS 
WITH ARTERIOSCLEROSIS : 


By Pror BERNARD C. WEXLER and Dr CHARLES T. FISCHER 


May Institute for Medical Research, Jewish Hospital of Cincinnati, and Department of Pathology, 
University of Cincinnati College of Medicine, Ohio 


REVIOUS work ın this laboratory has demonstrated 
that male and female rats which have been repeatedly 
bred will develop arteriosclerosis? The early artenal 
lesions consist of submtimal deposition of mucopoly- 
saccharides which are capped by fibrous tissue More 
advanced lesions consist of marked alterations ın medial 
mucopolysaccharides, elastosis and dystrophic caleifica- 
tion In addition to the arteriosclerosis, these anımals also 
develop a fatty liver, hyperplasia of the islets of Langer- 
hans with beta cell degranulation and hypertension All 
these degenerative changes become more pronounced 
with each successive breeding These changes are also 
accompanied by progressive adrenal hyperplasia and 
thymic involution The gravimetric and histologic changes 
ın the adrenal and thymus glands coupled with in vtro 
investigations of the adrenal steroid production ‘of these 
animals mdicated that a state of hyperadrenocoriticism 
existed There was reason for believmg that the fatty 
liver and the islet hyperplasia could be related to either 
the hyperadrenocorticism or to the existence of a diabetes- 
lke condition Further, the mucopolysaccharide nature 
of the arteriosclerotic lesions m these breeder rats, the 
high medence of arteriosclerotic complications in diabetic 
patients and the concomitant existence of diabetes, 


arteriosclerosis and hyperadrenocorticism im Cushing’s 
syndrome served as a general background to provide some 
basis for interrelating the variety of degenerative changes 
observed in breeder rats Therefore, ıb was decided to 
mvestigate the carbohydrate tolerance of these animals 
Glucose tolerance tests were performed on arteriosclerotic 
breeder rats and non-arteriosclerotic vu gin rats to determ- 
ime whether the conditions of hyperadrenocorticism, 
fatty liver, islet hyperplasia and arteriosclerosis observed 
m breeder rats were also accompamed by any abnormal 
carbohydrate metabolism 

One-hundred-and-forty virgin Sprague-Dawley rats, 
free of any arteriosclerosis (80 females and 60 males), 
served as controls These virgin rats were 10-12 months 
old and were approximately the same age as the breeder 
rats The virgin control animals were divided into equal 
groups so that blood-sugar determimations could be made 
at the followmg intervals 0h (fastmg-level), 0 5,1, 2, 3, 
and 5h A total of 215 female and 70 male Sprague— 
Dawley breeder rats were used. The male breeders were 
arranged so that there were 15, 15, 10, 10, 10, and 10 
animals in the sıx groups vestigated As ın the controls, 
the male breeders were killed at 0-5 h intervals The male 
breeders ‘were arbitramly divided in this fashion because 
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Table 1 BLOOD GLUCCSE-LEVELS AT TIMED INTERVALS FOLLOWING A SINGLE INTRAPERITONEAL INJECTION OF GLUCOSE IN VIRGIN FEMALE RATS WITH NO 
ARTERIOSCLEROSIS COMPARED WITH BREEDER FYMALE RATS HAVING VARYING DEGREES OF GROSS ARTERIOSCLEROSIS 





— M | e aae ma aeaa m | aŘŘŘŘŘŮŮnaaaaaaaaaooooooooaaIo 
mete eu ean AA meee o n | aaam | a | arana e 


Breeders Fastıng (0 h) | 05h 
Ò a Clear M+S D (n) 04 +3 (22) 376 + 18 (21) 
HOJ Minimal +S D (n) 88 +3 (15) | 827+ 42 (6) 
+ e Moderate M+S D (n) 91 +2 (17) 865 = 28 (7) 
aR | Severe M+SD (n) 85 +0 (1) | — (0) 
Average of all breeders | | 
M+8D (n) | 91+ 2 (55) | 365 + 14 (34) 


Virgins MES D (a) 11442 (13) 
P 0 001 * 





A= mean, S$ D =standard deviation from the mean, (x)=No cf animals, 


statistically significant 


402 = 25 (14) 
01 


Time 
lh 2h 3h 5h 
212 +12 (19) 154+ 5 (15) 150 +6 (15) 150+ 6 (18) 
240 +16 (10) 157 + 6 (10) 160 + 10 (6) 141+7 (5) 
224 +18 (12) 156+ 7 (6) 139 +0 (1) 181 +9 (3) 
246 +138 (2) 155 + 22 (3) 150 + 24 (4) 134+ 0 (1) 
224+ 8 (43) 155 +3 (34) 152 + 5 (26) 151+ 6 (22) 


C Un vy VErernTnVWUNUWEYTOTTETTTTTTS TTTTT CCCI” Tov aaa a 
ene NAH a y a ma n r=? St SS 


179+5 (12) 18147 (12) 163 + 6 (14) 166 + 5 (14) 
0 005 * 0 001* 0i 005 


P= P value (Those marked with an asterisk are considered to be 


Table 2? BLOOD GLUCOSE-LEVELS AT TIMED INTERVALS FOLLOWING 4 SINGLE INJECTION OF GLUCOSE IN VIRGIN MALE RATS WITH NO ARTERIOSCLEROSIS 
COMPARED WITH BREEDER MALES HAVING ARTERIOSCLEROSIS MICROSCOPICALLY 


Fasting (0 h) 
119 + 4 (15) 


Breeders, males M+S D (n) 


Virgin males M+S D (n) 
P 


M=mean, S D =standard deviation from the mean, (#)=No of animals, 


statistically significant ) 


thew arterial lesions cannot be determined grossly, thus 
obviating any attempt to correlate abnormal carbohydrate 
metabohsm with gross arterial abnormahty On the other 
hand, female breeders do develop arteriosclerosis which can 
be easily detected by gross examination Therefore, the 
female breeders could be categorized according to the 
degree of gross arterial pathology exhibited at autopsy 
Female bieeders with no grossly visible arteriosclerosis 
were classified as ‘clear’, those with thm annular streaks 
ın the abdominal aorta as ‘minimal’, those with discrete 
plaques in the arch of the aorta in addition to havmg 
lesions in the abdommal aorta as ‘moderate’, and those 
with plaques im all portions of the aorta as ‘severe’ These 
animals were killed after the test dose of glucose at the 
same time-mtervals as the controls and male breeders 
A record was kept of the degree of gross arteriosclerosis 
in female breeders found at autopsy and this was later 
correlated with the blood sugar values 

Prior to the time of the glucose tolerance test, all the 
animals had been stabilhzed on a regular ‘Rockland Rat 
Chow’ diet 

All anımals were starved for 18 h before autopsy During 
this time they were permitted water ad libitum <A test 
dose of 10 per cent glucose (350 mg/100 g body-weight) 
was injected mtraperitoneally Animals were killed by 
decapitation to avoid the stress of anesthesia Blood 
sugar determinations were carried out by a modification of 
the anthrone method of Kahan‘ for the determination of 
glucose usmg trichloroacetic acid as a serum protem 
precipitant 

Pancreatic tissue for hstological exammation was fixed 
in ether Zenker’s solution or neutral formaln (Lilhe), 
cut at 3u, and stamed with either hematoxylin and eosm 
or a modification of Gomort’s aldehyde fuchsm with 
trichrome counterstain as described by Lazarus? to 
demonstrate alpha and beta cells in the islets of Langer- 

hans 

Islet size was determined by counting the total number 
of islets larger than 25u m any one diameter, ın each 
section, and determmung the average Individual samples 
of pancreas were taken from 6 virgm male and 6 female 
control rats Separate samples of pancreas were taken 
from 12 male and 12 female breeder rats The measure- 
ments were made with the aid of a calibrated ocular 
muciometer 

Comparison of the glucose tolerance curves of breeder 
rats with virgin control rats revealed the presence of a 





P= P value (Those marked with an asterisk are considered to be 


significant hyperglycemia ın the breeder rats (ef Tables 1 
and 2) at the entical 1-h period after the imtroduction of 
a glucose load 

The mean fasting blood sugai-level of female breeders 
was significantly lower than that shown by female virgins 
virgins = 114+ 2 0 versus breeders = 91+2 0 mg per cent 
The female breeders showed marked hyperglycemia 
compared, with the female virgins at the first hour, that 1s, 
breeders (43 rats)=224+80 versus virgins (12 rats)= 
179+50 mg per cent This condition was reversed after 
the second hour and all blood sugar-levels m the arterio- 
sclerotic rats returned to levels shghtly lower than the 
controls in the third and fifth hours No differences were 
seen m the glucose tolerance curves between female 
breeders with varymg degrees of gross arterioselerosis 
(Table 1) 

In contrast to the female breeders, the male breeders 
showed significantly higher fasting blood sugar-levels than 
controls under simular fasting conditions (Table 2) The 
male breeders also showed a significantly greater glycemia 
than controls at the l-h period, that 1s, male breeders = 
272 +19 0 versus male virgins= 177+ 8 0 mg per cent 

Fimally, female breeders showed a significantly lower 
fasting blood sugar-level than male breeders, that ıs, 
male breeders = 119+ 4 0 versus female breeders =91 +2 0 
mg per cont {P=0 001) This was the reverse of the finding 
in fasting virgin male and female rats, that 1s, male 
virgins 100+05 versus female virgms=1144+20 mg 
per cent (P > 0 001) 

Pancreatic tissue taken from both male and female 
breeders showed that the islets of Langerhans were greatly 
increased ın both size and number as compared to virgins 
(Figs 1 and 2) The average size of the islets sampled ın 
the virgin female and male control rats was 138u and 
130p, respectively The average size of the islets ın female 
and male breeders was 160u and 176, respectively Also, 
in breeder rats the ratio of beta to alpha cells in the islets 
was increased However, the beta cells were also degranu- 
lated The degree of islet hypertrophy and hyperplasia 
corresponded with the mtensity of the arteriosclerosis 
That 1s, the largest islets were found m rats with severe 
arteriosclerosis The details of the histology and cytology 
of the islet tissue in these animals have been described in a 
separate publication’ : 

The results of these glucose tolerance tests undicated 
to us that there was some defect m the carbohydrate 
metabolism ın the repeatedly bred rats The degree of 
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Fig. 1. Pancreas of 9-month-oll female virgin rat. Note size of islet 
in centre of photo. Compare with giant-sized islet in Fig. 2. (Hæma- 
toxylin and eosin, x 90) 


hyperglycemia, however, was not markedly abnormal. 
This condition of hyperglycemia would best fit the known 
physiological facts concerning these animals. That is, the 
mild hyperglycemia would be consonant with a steroid 
type of diabetes, which is in keeping with the hyper- 
adrenocorticoid condition of these animals’. In this 
connexion, a large percentage of patients with athero- 
sclerosis given glucose tolerance tests are found to have 
a mild, stable diabetes??. It has frequently been suggested 
that there may be an «tiological connexion between carbo- 
hydrate metabolism and atherosclerosis!*-*°. A similar 
mechanism may be applicable to the development of 
atherosclerosis in the case of these breeder rats, either by 
virtue of their disturbed carbohydrate metabolism or 
because of abnormal fat metabolism which is a frequent 
concomitant of deranged carbohydrate metabolism. 
Comparison of the glucose tolerance curves of animals 
with graded gross arterial pathology (female breeders) 
indicated that there was no relationship between the 
severity of hyperglycemia with ascending degrees of 
arteriosclerosis (‘clear’ to ‘severe’). The male breeders 
displayed a more abnormal glucose tolerance curve than 
the females, yet the arteriosclerosis in male breeders was 
mostly of microscopic proportions, rarely appearing 
grossly. This sex dichotomy in the severity of arterio- 
sclerosis and hyperglycemia in the breeder rat is interesting 
in that, among human diabetics. female diabetics com- 
pared with non-diabetic females show a definite increase in 
the appearance and severity of arteriosclerosis, hyper- 
tension, and in the incidence of myocardial infarction». 
The morphology of the arterial lesions seen in breeder 
rats is highly reminiscent of the type of arterial lesion 
which is alleged to be characteristic of diabetes in the 
human, that is, endothelial hyperplasia, and intense 





that latent diabetes may be unmasked during the stress 
of pregnancy *-1*, This diabetic tendency has been linked 
with the gluconeogenic effects of the increased adrenal 
steroid secretion during Campbell and 
MeKeehnie, of South Africa, have found spontaneous 
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diabetes developing in both husband and wife among 
Natal Indians now residing in Africa. Although the 
diabetes is mild, it is particularly productive of severe 
and lethal diabetic vascular disease. These Natal diabetics 
have buffalo-hump obesity, hypertension, striæ, are 
resistant to and are not dependent on insulin, and seldom 
become ketotic. The Natal diabetic females are often very 
hirsute. The inhabitants of Natal pride themselves in 
having large families, the female being kept practically 
in a constant state of pregnancy®®. These workers believe 
that the diabetes which develops in Natal husbands and 
wives may be linked to parity and to the overproduction 
of adrenal steroids and certain sex steroids. Although 
it is highly speculative to suggest that the phenomena 
described in the Cushingoid Natal inhabitants and the 
hyperadrenocorticoid repeatedly bred rats are the same, 
none the less the similarity between the two is so striking 
that it is provocative and bears mention and investigation. 

The heightened activity of the pituitary-adrenal system 
which accompanies repeated breeding in these animals 
could be responsible for the hyperglycemia. This physio- 
logical interrelationship has both medical and biological 
counterparts. It has been amply demonstrated that 
administration of ACTH or the adrenal steroids can 
predispose towards and produce a diabetic state m the 
normal man or animal}!2!-*4, that is, steroid diabetes. It 
should be borne in mind, also, that patients with Cushing’s 
disease often have a mild diabetes accompanied by islet 
hyperplasia, adrenal enlargement, fatty liver and severe 
arteriosclerosis», This same set of conditions has 
already been described in these breeder rats'-*. A similar 
syndrome of hyperadrenocorticism, islet hyperplasia, 
diabetes and arteriosclerosis has been described in spawn- 
ing salmon?*-8 and in mice with transplanted ACTH- 
secreting tumours?® 30, 

Finally, in separate cytological investigations of the 
alpha and beta cells of the islets of these breeder rats, we 








Fig. 2. Giant-sized islet in 9-month-old female breeder rat (4-5 litters). 


Contrast with normal-sized islet in virgin rat (Fig. 1). (Hematoxylin 
and eosin, x 90) 
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ggested that the islets of Langerhans through their 
capacity for compensatory increase in insulin production 
ctional reserve) are able to maintain normal levels 
ood glucose*!, Islet hyperplasia may be produced by 
jection of ACTH or adrenal steroids and is believed 
be due to increased need for insulin because of the 
yperglycemia induced by the potent gluconeogenic 
of the adrenal steroids®*-**, When the islets lose 
esiliency for increased insulin production, overt 
perglycemia becomes evident. Thus, the vitality of the 
ular cells plays an essential part in offsetting diabetes®!. 
elt that the increased adrenal activity which accom- 
panies repeated breeding stimulates islet hyperplasia by 
way of response to the heightened gluconeogenic activity 
nduced by the increased production of adrenal steroids 
which accompanies repeated breeding. 

In eonelusion, it is felt that repeated breeding leads to 
«the development of a disturbed carbohydrate metabolism. 
The degree of hyperglycemia reflected by the glucose 
~» tolerance curves indicates that the carbohydrate metabolic 
disturbance is of mild degree. The mildness of the hyper- 
glycemia, the islet hyperplasia and beta cell degranulation, 
and the heightened adrenal activity are believed to be 
indicative of a Cushingoid condition existing in these 
breeder rats. Future investigations will be directed 
‘towards understanding the possible connexion between the 
hyperglycemia, the hyperadrenocorticism and the arterio- 

> gelerosis observed in these breeder rats. 
+o This work was supported by grants from the John A. 
Hartford Foundation, the Gustavus and Louise Pfeiffer 
Foundation, the American Heart Association, the Cincin- 
-nati Heart Association, and the National Heart Institute 
< (H-3874 and HE-06315), National Institutes of Health, 
U.S. Public Health Service. One of us (B.C. W.) is 
supported: by a career development award from the 
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BIOCHEMICAL EFFECTS OF X-IRRADIATION AND THE SULPHYDRYL 
SS E HYPOTHESIS: A RE-APPRAISAL 
By Dr. MARGERY G. ORD and Dr. L. A. STOCKEN 
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MHE radiosensitivity of dividing cells has been apparent 
-sA fromthe earliest investigations of the biological 
- consequences of X-irradiation’. One of the first attempts 

to provide a unified biochemical basis for irradiation 

damage was that of Barron et al.2-*, who showed from 
experiments in vitro that sulphydryl (SH) groups in such 
compounds as cysteine, glutathione, proteins and enzymes 
could be oxidized as a result of exposure to X-rays, and 
who postulated that such an oxidation, if occurring 


_ intracellularly, would produce serious metabolic disturb- 


a 


thin the cell. Unfortunately many detailed 














ations of SH enzymes in tissues following whole- 
tion failed to detect any significant inhibition, 
generalized inhibition of SH enzymes could not 
w Since that time work on the biochemical 
irradiation has:been focused on the reduction 
esis™t, although reports have been available 
Uphydryl contents of tissues and nuclear 







_,, Im the course of many experiments on DNA synthesis, 
it has been shown that the nucleus itself is directly affected 
by Xurradiation®-", and attempts’ha ma 


biochemiéa 









might explain its radiosensitivity. One such reaction is 


reactions associated with the nucleus. which 


- huelear phosphorylation’, and in an attempt to determine 


_ the site(s) at which X-rays interfere with nuclear genera- 





ave been made to find. 


tion of energy™-" it has been shown'* that sulphydryl - 
compounds present in thymus nuclei (Table 1, series 1-3) 
can not only be oxidized by exposure (series 4, 6, 8) būt 
also made more reactive towards sulphydryl reagents 
Table 1. SULPHYDRYL CONTENT OF THYMUS NUCLEI. SH AS NUMOLESIMG 
DNA PHosPHORUS (No, EXPERIMENTS) ~ i 


Time of 
incubation with 
dithiobis 
(2-nitrabenzoie 
acid) (min) 


Series Control Experimental p 


Nuclei isolated in ionic l l 
medium (15) 30 308 amene 
Nuclei isolated in _ 5 375 oem 
sucrose medium (7) 30 469 reme: 
3 Nuelei isolated in — 
sucrose and suspended E l 
; in ionic medium (6) 30 632 atte 
4 Nucleiisolated in ei at 
sucrose medinm., 
1,000 r. in vive or 
én vitro (5) > 381. 
) As above, no Zn (2) 30 | 489 
ü As above, with Zn (4) 30 528 
7 Nuelei isolated in ionie an% 
medium after 1,000 r.. 
in vive (2) 0 ee 
8 Imie medium extract 
from nuclei isolated in 
sucrose. With an, - 


t$ 















sulp 
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(saries 7) The oxidation of sulphydryl groups 1s reversed 
by glutathione reductase, a normal component of the 
isolated nuclei, so that the fall ın SH content 1s maintained 
only if glutathione reductase is inhibited by 105 M 
Zn*+ (ref 19) (series 5, 6). The mcrease m SH content, 
which has only been detected after wradiation a vwo, 
is probably due to alteration of the nucleoprotem complex 
and it can also be brought about m normal nucle: prepared 
in sucrose by suspension m a medium of increased ronie 
strength (series 2, 3) 

Reduced glutathione was detected only im small amounts 
in nucle: isolated m sucrose medium and was not found m 
nucle: obtamed m ionic medium About 70 per cent of the 
total SH content of the nucle: was associated with the 
argmine-rich histones®®, which contain small amounts of 
cystine or cysteme**?! Since sulphydryl and disulphide 
groups of protems and glutathione interact”? the lowered 
content of nuclear SH groups following X-irradiation will 
lead to the temporary formation of oxidized glutathione 
(GSSG) within the nucleus 

As a result of these findings ıt seemed mmportant to 
attempt to relate directly the alterations ın SH content of 
the nuclei to the known changes m nuclear metabolism 
post-irradiation GSSG was used to reproduce the oxida- 
tive effects of X-irradiation on nuclear sulphydryl groups 
To merease the number of reacting SH groups, nuclei 
which had been isolated m 0 25 M sucrose/5mM calaum 
chlonide/imM tris pH 72 were suspended in 1ome 
medium} 

Oxidized glutathione reduced the activity of glucose-6- 
phosphate dehydrogenase and mbhibited the formation of 
labile phosphate (Table 2) The mechanism of nuclear 
phosphorylation is still uncertam and especially its 
dependence on the presence of oxygen The glutathione 
reductase system offers a means by which NADPH can be 
re-oxidized but does not explain the need for oxygen 
Moreover, GSSG ıs usually present ın only very small 
amounts within cells, so that added GSSG might be 
expected to merease the rate of phosphorylation if gluta- 
thione reductase was the preferred enzyme for re-oxidation 
of NADPH The inhibitory effect of GSSG on nuclear 
phosphorylation therefore suggests either that the forma- 
tion of ATP m thymus nucle: is associated with an oxygen- 
dependent oxidation of NADPH, or that the disulphide 
has reduced phosphorylation by interaction with some SH 
groups essential for the reaction 
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Table 2 EFFECT oF ORDEAD AE UTATTONS ON REACTIONS OF THYMUS 
UCLEI 


+ GSSG 
Reaction Medium Controlactivity Conc activity as % 
CM) control 

Glucose-6-PO, dehydro- 

genase!’ I 135+0485 (12) 10° 10,382, 465, 33 
mmoles NADPH/min/ 10 71, 65, 62 

mg DNA P S 10 46 (2) 10-4 
Nuclear phosphoryla- 

tıon!! labile phosphate T 20 4 107 363 
formed ın 30 mm at 0° 

mymoles/mg DNA P I 197 103 71 
2P incorporation mto S 100 (ref 35) 10° 114,206 

nuclear RNA fraction S$ 100 (ref 36) 10 80 

arbitrary units 10+ 138 
Cytidylic acid S 100 (ref 37) 107 26 


Nuclei were isolated from rab thymus gland m either 10016 (I) or sucrose (8) 
medium! Reactions were performed im the presence or absence of oxidized 
glutathione (GSSG) 


Interpretation of the experiments in which the nuclear 
sulphydryl content was increased by suspending the 
preparation mn ionic medium 1s compheated by the specific 
effect which some of the 10ons have on nuclear metabolism 
Nat particularly 1s known to merease the mcorporation of 
amino-acids into nuclear protem™, and this effect is a 
hkely explanation of the results (J A Smut, unpublished) 
on the uptake of leucme where the rate m iome medium 18 
about twice that of nucle: m unsupplemented sucrose 
medium The rate of phosphorylation by nuclei isolated m 
sucrose medium and finally suspended ın 10m6 medium 
was not dimmished Phosphorylation, therefore, 1s not 
reduced by treatment of the nucle: with ionic medium, 
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although from the mcreased SH content m parallel experi- 
ments some disorganization of nuclear structure must 
have occurred Allfrey and his colleagues have shown" 
that, although deoxyribonuclease treatment prevents 
phosphorylation, protem synthesis could be restored by 
the addition of DNA, suggesting that radical changes m 
structure do not cause cessation of all synthetic functions 
in the nucleus 

When incorporation of phosphorus-32 into nucleic 
acids was exammed, unequivocal uptake mto DNA was 
not obtamed Incorporation mto the RNA fraction was 
unaffected by suspendmg nucle: ın 1onic medium but was 
profoundly reduced by 10-3 M GSSG (Table 2) The effect 
of oxidized glutathione was confirmed by isolation from 
the RNA hydrolysate of cytidyhe acid X-irradiation ın 
vwo is known to mbit precursor uptake mto nuclear 
RNA. m rat thymus as well as nto DNA* 

From, these experiments ıt 1s clear that agents which 
produce alterations m the nuclear SH/SS equihbrium 
produce metabolic effects which are paralleled by X-1rradi- 
ation The biochemical changes associated with the 
formation of the mutotic apparatus are not completely 
established, but SH/SS interactions are mvolved and the 
process 1s profoundly affected by exogenous SH com- 
pounds** The radiosensitivity of spmdle formation is 
well known It seems possible, therefore, that the changes 
mm sulphydryl groups which can be detected m nucle: after 
A-uradiation may represent a morphological change at 
the macromolecular level and be responsible for some of 
the cytological effects and for the early biochemical 
lesion 

The rmportance of the glutathione reductase system m 
reversing the oxidative effects of X-irradiation 1s obvious, 
and the presence of this enzyme in cell fractions other than 
the nucleus? may account for the failure to detect any 
reduction im the activity of tissue SH enzymes after 
exposure In the thymus, nuclear SH groups account for 
about 20 per cent of the SH content of the cell, but gluta- 
thione appears to account for a comparatively small 
fraction of the nuclear sulphydryl compounds'* The 
response of all cell fractions will presumably depend on the 
relative availability of glutathione reductase, NADPH and 
glutathione, the protection afforded by sulphydryl 
compounds agaist X-radiation damage 1s well estab- 
lhshedë:?%:27 Tt 1s known that mitochondrial function may 
also be disturbed following irradiation n vwo?®??; the 
role of SH groups m maimtamimg structure/function 
relationships m mitochondria has been considered*, 

While the presence of glutathione reductase may 
account for the difficulty ın detectmg changes in SH. groups 
after irradiation, 1t 1s not certam that the original con- 
formation of the sulphydryl gioups will be restored The 
increase in nuclear SH groups which is detectable after 
X-Wradiation en vivo, especially in nuclei isolated ın 1on1c 
medium, suggests that disorientation of the nucleoprotein 
structure 1s also produced When normal nuclei are 
suspended in 1onic medium protem loss into the aqueous 
phase ıs more marked than with suspension ın sucrose 
medium?! and total SH reactivity 1s increased Loss of 
nuclear catalase!? and mereased extractability of DNA”? 
following wradiation 2 vwo may be correlated with the 
disturbance to nucleoprotem structure, and this disorgan- 
ization, seems likely to be mrreversible and to be associated 
with the less-sensitive phase of the irradiation. response’? 

This work was supported by the Department of Scientific 
and Industrial Research, the Rockefeller Foundation and 
the National Institutes of Health, US Puble Health 
Service (4 3369) We thank Mı A Morris and Mr P 
Copper for their assistance 

Note added ın proof The Russian workers?! have now 
extended. their findmgs on changes m sulphydryl! content 
of rat hver nucle: after 1,500 r total-body irradiation 
30 min after exposure the SH content of two nuclear 
protem fractions is decreased, and m a third fraction, 
thought to be associated with the nucleolus, the SH-level 


138 


rises Their data are discussed im relation to the effects 
of X-irradiation on mitosis and cell division 
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INHIBITION OF THE AGGREGATION OF BLOOD PLATELETS BY 
NUCLEOSIDES 


By SONIA CLAYTON, Pror G. V R. BORN and Da M J CROSS 
Department of Pharmacology, Royal College of Surgeons of England, London, WC 2 


NE of the immediate causes of thrombosis 1s the 
aggregation of blood platelets It has been found that 
adenosine diphosphate (ADP), out of a large number of 
nucleotides tested, was the only one which brought about 
the aggregation of platelets im human plasma’ We have 
used a turbidimetric method to follow the aggregation of 
platelets quantitatively, and shown that the aggrega- 
tion induced by ADP 1s partially prevented by adenosme 
triphosphate, by adenosine monophosphate (AMP) and by 
adenosine, the last being much the most effective? It was 
suggested that ADP combines with specific sites on the 
surface of the platelets To find out more about this 
reaction, and because mhibitors of aggregation may prove 
to be of therapeutic value, we have now tested the effects 
of more compounds related to adenosine on the aggrega- 
tion of platelets 

The methods for preparmg human plasma rich in 
platelets and for measuring their aggregation have been 
described previously* In each experiment ADP was 
added at a final concentration of 10-§ M, and the optical 
density of the plasma was recorded at short intervals for 
about 15mm When a compound was tested 1t was mixed 
with the plasma 5 mm before the ADP was added and 
readings of the optical densrty were made durmg this 
period also This was done for two reasons (1) to see if 
the compound could itself brmg about the aggregation of 
platelets, (2) although the mhibitory effect of adenosme 
imereased the longer ıb was m the plasma, the offect was 
evident in less than 5 min? 

The plasma was stored in a ‘Perspex’ cylinder at room 
temperature Durmg the day the extent to which the 
platelets aggregated after adding ADP often decreased 
This decrease persisted even when the plasma was kept 
at 37° C or, at room temperature or at 37° C, in a dialysis 
bag suspended in Krebs solution through which was 
bubbled a mixture of 95 per cent oxygen and 5 per cent 
carbon dioxide (v/v) Because of this, the effects of 
inhibitors were always assessed by bracketmg an experi- 
ment m which an mbhubitor was present between two 
control experiments m which ADP alone was added 


The activities of other compounds were compared with 
that of adenosine in tho following way <A concentration of 
adenosine (usually 5x 10-* M) was chosen which reduced 
the maximal change m the optical density brought about 
by ADP {10 M) by about 60 per cent The potential 
mhibitor was then tested at a concentration one hundred 
times greater than that of adenosmme If 1t had less effect 
than the adenosine its activity was recorded as less than 
1 per cent of that of adenosine and no further tests were 
made (Table 1) If, however, its activity was greater 
than that of adenosme a more exact comparison was made 
by finding the concentration of mnhibitor which had the 
same effect as (1) 5x 10-§ M adenosine, and (11) 10-§ M 
adenosine In each case the activity of the compound was 
expressed as a percentage of the activity of adenosine, 
that 18, 


concentration of adenosine selected for the comparison x 100 


concentration of inhibitor required to produce the same 
inhibition as the chosen concentration of adenosine 


Though the absolute effects of the mhibitors varied from 
plasma to plasma their ielative activities did not alter 
very much This 1s illustrated m Fig 1, m which are 
compared the activities of adenosine and isoguanosine at 
different concentrations and m samples of plasma from 
three different mdrviduals 

The average of the two results for each mbnibitor is 
shown m Table 1 They emphasize that the adenosme 
moiety 1s & very important component of the nucleosides 
and nucleotides which influence the aggregation of 
platelets The activity of adenosme as an mhtbitor was 
considerably reduced by small changes m the pume rmg 
itself, as in 6-ammo-8-azapurine 11boside, in the substitu- 
ents on the purme ring, as mm purme riboside, 6-methyl- 
ammopurine riboside and isoguanosine, or ın the ribose 
fraction, as in deoxyadenosine and 6-amimo-1’-hydroxy- 
methylpurme riboside Jt was particularly strikmg that 
eychc-AMP not only had less than 1 per cent of the activity 
of adenosme but also less than 1 pe: cent of the activity 
of AMP, with which, in one expeimment, 1t was directly 
compared 
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Table 1 INHIBITORY ACTIVITIES OF COMPOUNDS RELATED TO ADENOSINE 
COMPARED WITH THAT OF ADENOSINE ITSELF 


Activity % of the 


Compound activity of adenosine 


2-oxy, 6-amino purme riboside (isoguanosue) 5 
Diphosphopyridine nucleotide (DPN) 2 
-methyl amino purine riboside 2 
Flavin adenme dmucleofide (FAD) 2 
Purme riboside * | 

2 6 Diamimo purme riboside 


2-amino, 6-oxy purme riboside (guanosine) * 
2-or.y, 6-amimo pyrimidine riboside (cytidine) * 
§-mercapto purine riboside 
6-oxy purine riboside (inosine) * 
Adenine * 
6-amino purine, 2-deoxy-D-riboside (deoxyadenosine) 
6-amimo, 8-aza purine riboside (azaadenosine) 
6-amino-9-8-D-fructopyranosy] purine 
6-amino-§-a-D-fructofuranosyl pure 
6-amino-1’-hydroxymethy! purme riboside 
(psicofuranine) 
Adenosine 3’,5’-cyclic phosphate (cyclic AMP) 
qe nosnhepyscmy nucleotide (TPN) 
ibose 


* Tested by Born and Cross (ref 2) 


: a than 1 
| 
| 


Only two of the compounds tested, deoxyadenosine 
diphosphate (deoxy-ADP) and adenosme tetraphosphate, 
brought about aggregation of platelets Ther activities 
were compared with that of 10-° M ADP by finding the 
concentrations at which they produced the same response. 
Deoxy-ADP had 03 per cent of the activity of ADP 
Gaarder et al also found that, apart from ADP deoxy- 
ADP was the only nucleotide which mduced, aggregation 
and m their system its activity was exactly the same as 
in ours? Adenosme tetraphosphate had 12 5 per cent of 
the activity of ADP This result is difficult to mterpret, 
as the compound ıs unstable and may have been broken 
down to ADP 

The observations suggest that derivatives of adenosine 
ale im some way bound to the platelet through the 
adenosine part of the molecule When ADP ıs bound, 
pyrophosphate groups are introduced at the platelet 
surface, these may provide bridges between one platelet 
and another, perhaps through the formation of complexes 
with calcium which 1s necessary for aggregation by ADP? 

Adenosine and AMP presumably hibit aggregation by 
occupying sites normally available to ADP However, 
neither adenosine nor AMP provide pyrophosphate groups 
Therefore, ıt might be expected that derivatives of ADP 
m which its pyrophosphate group was ‘blocked’ would act 
as mhubitors of platelet aggregation In fact, both DPN 
and FAD have mhibitory activity 

The specificity of the adenosme derivatives, when 
compared with other nucleosides and nucleotides, 1s even 
more remaikable m view of the recent observation that 
5-hydroxytryptamme and noradrenaline induce aggrega- 
tion of platelets‘ We have found that adenosme mhuibits 
aggregation by 5-hydroxytryptamme and by noradrena- 
lne just as ıt does aggregation by ADP Aggregation 
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Fig 1 Relation between the logamthms of the concentrations of 
isoguanosine and adenosine and the inhibition of platelet aggregation 
Ordinate, reduction in the change in optical density expressed as a 
percentage of the change m optical density which followed the addition 
of ADP alone, abscissa, logarithm of concentration of isoguanosime 
open pomts) and adenosme (closed pomts) Plasmas from three 
ifferent mdividuals were used (H), A--~A, O— In each 
experment the mbhbitor was ee F ii before the addition of ADP 
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brought about by thrombin ıs also inhibited by adenosmme 
(unpublished results, see also ref 5) It 1s likely, there- 
fore, that adenosme derivatives mwnfluence some funda- 
mental step common to all these ways of bringing about 
aggregation of platelets 

We thank Dr E. Fitzgibbon for gifts of 2,6-diamino- 
purme riboside, 6-methylammopurme mboside and 
isoguanosine, Dr E J Rest for 6-amimo-9-«-p-fructo- 
furanosyl purme and _  6-amimo-9-6-p-fructopyranosyl 
purine, Dr R B. Ross for 8-azaadenosme, and Dr 
R E Handschumacher for psicofuranme. DPN, TPN, 
FAD, 6-mercaptopurme riboside, deoxyadenosme, and 
eyclic-AMP were supplied by the Cahfornian Corporation 
for Biochemical Research, Los Angeles We also thank 
members of the staff of the Equity and Law Life Assurance 
Society, Ltd , who voluntarily gave blood 
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IN VITRO EFFECT OF SALICYLATE ON AMINO-ACID ACCUMULATION 
BY KIDNEY CORTEX SLICES 


By Dk STANTON SEGAL and ALBERTA BLAIR 


Clinical Endocrinology Branch, National Institute of Arthritis and Metabolic Diseases, National Institutes of Health, Bethesda, Maryland 


NDREWS e? al 1 contiibuted to our knowledge of the 
biochemical changes im salicylate mtoxication with 

the finding of amimo-aciduria in several affected patients 
Because of mcreased amounts of urmary cystine, they 
postulated the mechanism to be due to ‘overflow’ of plasma 
amino-acids elevated as a iesult of salicylate-induced 
liver damage ‘Their hypothesis received support with the 
later observation of elevated serum a-amino-nitrogen 
levels ın these patients? Later, Eliott and Murdaugh® 
demonstrated that the oral mgestion of 16 g of acetyl- 
salicylic acid by normal subjects creased urmary ammo- 
acid excretion two-fold, the imerease representing a 


generalized amimo-aciduria Although the latter investiga- 
tors did not measure plasma amimo-acids, they suggested 
that salicylate produced a defect m tubular transport by 
interfermg with oxidative metabolism Amino-aciduria 
has also been observed m salicylate-intoxicated rats* 

It ıs known that amino-acids labelled with caibon-14 
are actively accumulated agamst a concentration gradient 
m rat kidney cortex shces, and that the processes involved. 
are dependent on oxidative metabolism and conform to 
Michaehs—Menten kinetics’ This, therefore, seemed an 
appropriate system im which to ascertain whether a direct 
effect of sahcylate on the kidney tubular cells might 


- 


é 


e 


140 


explain the salicylate-mduced amino-aciduria ‘This re- 
port presents results concerning the influence of this drug 
in the rat kidney slice system. In addition, results are 
presented of investigations performed usmg human kidney 
tissue obtamed at surgery 

Male Sprague-Dawley rats weighing 120-160 g were 
used m all experiments and were fed a ‘Purma’ chow 
diet and water ad libitum until killed by stunning and 
decapitation The techniques utilized for the prepara- 
tion of kidney cortex slices, aerobic cubation in Krebs- 
Ringer bicarbonate buffer, pH 7 4 at 37° C and assessment 
of intracellular accumulation of the labelled amino-acids 
have been described previously’ The concentrative 
uptake of ammo-acid has been expressed as a distribution 
ratio which 1s expressed. 


counts/min/ml intracellular fluid 
counts/min/ml medium 


and reflects the ratio of the concentration of ammmo-acid 
inside to that outside the cell A distribution ratio higher 
than one mdicates concentration against a gradient and 
generally mdicates an active transport process 

All radioactive samples were counted in a liquid semtil- 
lation spectrometer at 57 per cent efficiency Ninety- 
munute incubations were carried out except when noted 
Sodium saleylate, as well as the radioactive amino-acids, 
were obtamed commercially All amino-acids were 
chromatographically pure After mncubation, aliquots of 
the boiled aqueous tissue extract of the slices were 
chromatographed and more than 90 per cent of the radio- 
activity was recovered at the appropriate Rr for the 
specific amino-acid investigated 

The distribution ratios obtamed m rat kidney slices 
for the several amino-acids tested are shown in Table 1 
A concentration of 40 mg per cent salicylate was used since 
this approximated the blood levels of salicylate-intoxicated, 
children shown to have ammo-aciduria Salecylate signifi- 
cantly mhibited the accumulation not only of the model 
amino-acid «-amuno-isobutyric acid (AIB), but also that 
of the natural amimo-acids, glycme. L-phenylalanine, 
L-histidine and L-lysine This concentration of the drug 
had no influence on the size of the mulm space, 25 7+11 
per cent of the wet tissue weight’, or the amount of total 
tissue water, 80 2+ 1 per cent of the wet tissue weight 


distribution ratio = 





Table 1 EFFECT oF SALICYLATE ON ACOUMULATION OF AMINO-AOIDS BY 
RAT KIDNEY CORTEX SLICES 


Distribution ratio 


Salicylate 
Control 40 mg % P 
ATIB (0 065 mN)* 445-0 ra (13) 270+0 A (18) <0 001 
Glycine (0 015 mM) 9104+115 (4) 5 26 +0 86 (4) <0 05 
L-phenylalanine 
(015 mM AAT 167+011 (4 A «005 

Lehistidme (0 035 mM) Z278+01 1 65 +6 07 (6) <001 
L-lysine (0 065 mM) 399+0 2 (8 2 87 +0 22 (6) <0 01 


* Tnitial medium concentration 
t Mean + SE All data are paired 
No of determmations m brackets 


The values obtained for distribution ratio after ninety- 
munute mecubation (Table 1) represent the accumulation 
by the cells after a steady state has been reached? That 
is, the distribution ratio 1s at a constant level dependent 
on the relation of the rate of entry of the amimo-acid into 
the cell and the rate of egress from the cell To demon- 
strate the findings prior to attamment of the steady state, 
the effect of salicylate on the time course of accumulation 
of a-amumno-isobutyric acid (ATB) 1s shown im Fig 1 Each 
time pomt represents paired data obtamed from three 
different animals It may be observed that the salicylate 
has an inhibttory effect on the accumulation as measured 
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Fig 1. The effect of salicylate on the accumulation of AIB by rat kidney 
cortex slices @, Control, A, salicylate, 40 mg per cent 


0 20 40 


by the distribution ratio after fifteen minutes of incubation, 
with the attamment of @ final distribution ratio about 
35 per cent lower than the control 

Data such as shown in Fig 1 may be analysed 
kmetically, usmg the mathematical model approach of 
Rosenberg, Berman and Segal? We have thus determined 
the fractional rate of mflux and efflux of AIB for the 
kidney shee as influenced by salicylate The fractional 
rate constants were 0 00247 mm and 0 0216 mm for 
influx and efflux respectively in the controls The values 
were 0 00192 min- and 0 0294 min-! for mflux and efflux 
respectively for the salicylate-treated tissue ‘This repre- 
sents a 22 per cent decrease im influx and a 36 per cent 
merease in efflux fractional rate constants According to 
this analysis, the effect of salcylate ıs to decrease the 
transport of ammo-acid mto the cell while at the same 
time accelerating the rate at which the amino-acid already 
accumulated leaves the intracellular pool and returns to 
the medium 

Salicylate was found to have an mhibitory effect on 
accumulation of ammo-acid by rat kidney cortex slice at 
drug concentrations lower than 40 mg per cent, a signifi- 
cant unhibition being found at a concentration of 10 mg 
per cent At 20 mg per cent the mhibition appeared to 
be maximal with httle further mhibition beyond this 
point up to the 80 mg per cent investigated An attempt 
was made to overcome the minbition of amuimo-acid 
accumulation caused by salcylate by the addition of 
various substrates to the mcubation buffer None of the 
followimg compounds at 5 millimolar levels were able to 
accomphsh this glucose (90 mg per cent), pyruvate, 
fumarate and acetate 

The salicylate-mduced defect in amino-acid accumula- 
tion was also present when rat hemidiaphragm was 
investigated No such effect could be induced, however, 
in rat small-intestinal segments, usmg glycime as the test 
amino-acid With regard to the structural specificity of 
the salicylate molecule to produce its effect, we were 
unable to show a similar mhibition with the isomer 
p-hydroxybenzoic acid 

Shees of human cortex weighimg 5-20 mg were examined 
in a fashion identical to that utilized for the rat using 
a single 90-min incubation pomt The results are shown 
in Table 2 The offect of salicylate m human tissue 
paralleled that m rat tissue and caused a decreased 
intracellular accumulation of ammo-acid in each of the 
patients exammed Cystime was included in the experment 
m one patient to see if the cystinuria seen m salicylate 
intoxication could be reflected m a direct kidney action 
of the drug 


Table 2 ACCUMULATION OF AMINO-ACIDS BY HUMAN KIDNEY CORTEX SLICES 


Distribution ratio 


AIB (0 065 mM) Glycine (0 015 mM) L-lysine (0 065 mM) L-cystine (0 020 mM) 
Diagnosis Control Saheylate * Control Salicylate Control Salicylate Control Sahcylate 
Normal 13 00t 11 94 21 71 16 57 817 6 76 
Ischemic 18 87 13 37 20 32 15 02 21 77 14 16 
Ischzemic 18 40 16 07 2419 18 23 16 44 12 08 


* 40 mg per cent 
+ Each value 1s an average of triplicate determmations. 
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The physiological mechanism of the salicylate effect on 
amino-acids appears to be an mbhuibition of transport of 
the amino-acid into the cell and prevention of maimten- 
ance of the intracellular amimo-acid pool by causmg an 
acceleration of the loss of ammo-acid from the pool The 
biochemical effect can only be speculated on. The 
similarity of the effect of salicylate to the effect of meta- 
bolic mhuibitors such as dimitrophenol’ and maleic acid® 
in the same kidney slice system prompts the suggestion, 
sumilar to that of Elhott and Murdaugh’, that salicylate 
interferes with the oxidative metabolism so vital to the 
formation and mamtenance of mtracellular ammo-aad 
pools’ That salicylate uncouples oxidative phosphory- 
lation has been well established’? 

The conclusion by Andrews e? al! that the amuno- 
aciduria of salicylate mtoxication 1s entirely explamable 
as an ‘overflow’ phenomenon. does not seem to be entirely 
justified Ther conclusion was partly based on the 
presence of cystine m the urme We have shown that 
salicylate can interfere with cystine accumulation (Table 
2) The present findmgs recorded here suggest that a 
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major factor in salicylate-mduced ammo-aciduria, though 
perhaps not the sole factor, 18 a direct effect of salicylate 
on the renal tubule, causing a decreased reabsorption of 
filtered amino-acids The recently reported shedding of 
renal tubular cells caused by salicylates ın humans?® 
indicates that a structural alteration may be mduced m 
the tubule The association of the latter phenomenon to 
the ammo-aciduria 1s open to speculation 


+ Andrews, B F, Bruton, O C,and Knoblock, E C, Amer J Med Sci , 
Š 242, 411 (1961) 


* Andrews, B C , Bruton, O C , and DeBane, L, J Ped , 60, 201 (1962) 


9 Bihott, jun , H. ©, and Murdaugh, jun YH V, Proc Soc Exp Brol and 
Med , 109, 333 (1962) 


‘Berry, H K ,and Guest, G M , Mefaboliam, 12, 760 (1963) 
’ Rosenberg, L E, Blair, A, and Segal, S, Biochim Biophys Acta, 54 
479 (1961) 


€ Rosenberg, L E, Downing, S J, and Segal, S, Amer J Physiol , 202+ 
800 (1962) 


* Rosenberg, L EB, Berman, M , and Segal, S, Brochim Biophys Acta, Yh» 
664 (1963) 


8 Rosenberg, L EB , and Segal, S , Chn Res , 9, 208 (1961) 
* Brody, T M ,J Pharmacol and Exp Therap ,117, 39 (1956) 
1° Scott, J T , Denman, A M , and Darhng, J , Lancet, 1, 344 (1963) 


PHYTOHAMAGGLUTININ: SEPARATION OF HAMAGGLUTINATING 
AND MITOGENIC PRINCIPLES 
By Cr. P. BARKHAN and Dr A, BALLAS 


Medical Research Council Experimental Haematology Research Unit, Wright-Fleming Institute, 
and Department of Haematology, St Mary’s Hospital Medical School, London, W 2 


HE existence of hemagglutinms (phytohemag- 
glutmins) m the seeds of some plants, particularly 
Leguminosae, has been known for many years!? [a and 
Osgood? used an extract of red kidney beans (Phaseolus 
vulgarzs) to sediment red cells and then isolate leucocytes 
for culture Later, Rigas and Osgood‘ described a method 
for the preparation and concentration of the bean phyto- 
hemageglutmin (PHA) Nowell’ then made the important 
discovery that PHA mduced mitosis in human peripheral 
blood leucocytes, and his observation led to the develop- 
ment of a sunple culture method which has been widely 
used for the examination of human chromosomes ‘The 
cellular and biochemical changes ın the leucocytes cultured 
with PHA have been examined by Cooper, Barkhan and 
Hale®’, Carstairs*, Elves and Wilkinson? and Quaglino, 
Hayhoe and Fliemans’® It seems that PHA induces 
synthesis of DNA ın the lymphocyte population of the 
leucocyte cultures Enlargement of certain lymphocytes 
with morphological transformation to cells that resemble 
blast cells ıs a striking feature of these cultures These 
transformed cells then undergo mitosis 
It ıs of fundamental mterest to know more about the 
plant mitogen and how ıt works, since this mformation 
may be valuable during imvestigations on the general 
problem of cellular proliferation An important preliumm- 
ary step ıs to find out whether the hemagglutmating 
activity 1s separable from the mitogenic activity In this 
communication we present evidence which favours the 
existence of two separate principles 
Normal venous blood obtamed from clmically healthy 
subjects was mixed with preservative-free heparm (0 25 
mg heparin/ml. blood) The container was then centrifuged 
at 1,500 rpm for 10 mm and about 0 5 ml buffy coat was 
removed and set aside ın a separate bottle contamimeg 
culture medium TC 199 The leucocytes ın this buffy 
coat suspension were used for culture (see following) To 
the remainder of the blood 0 2 ml (2 mg) PHA was added 
The blood and PHA were carefully mixed and then left to 
stand at room temperature for 30-60 mm Thereafter the 
contamer was centrifuged at 3,500 rp.m. for i20 min 
The supernatant cell-free plasma (3-4 ml) was then 
removed, great care bemg taken not to disturb the buffy 


coat This plasma was then well mixed with a fresh volume 
of red cells from which the plasma had been removed by 
prior centrifugation After standing for 30-60 mm at room 
temperature the bottle was centnfuged at 3,500 rpm 
for 20 min and the supernatant plasma was carefully 
removed The plasma was then absorbed a third time with 
fresh red cells This thrice-absorbed plasma was added. to 
the buffy coat suspension to produce a leucocyte concen- 
tration of 0 5-1 milhon cells/ml , the total volume of the 
culture was about 10 ml and the plasma concentration 
was 25-50 per cent The culture was mcubated at 37° C 
for about 65 h Colchicine to a final concentration of 
10-8 M was then added to the culture, which was incubated 
for a further 2h. Thereafter the bottle was centrifuged and 
a drop of the cellular deposit was mixed with a drop of 
l per cent orcein in 45 per cent acetic acid and overlaid 
with a coverslip This preparation was examined for cell 
transformation and mitotic activity 

The agglutinin titre was estimated by a tube method, 
using a 5 per cent suspension of red, cells ın normal saline 

The phytohemagglutinmn was prepared from red kidney 
beans (Phaseolus vulgaris) at the Wellcome Research 
Laboratories, Beckenham, England The dry material was 
dissolved un normal salme to a concentration of 10 mg/ml 

Removal of agglutunn Group A, B and O red cells 
were equally well agglutmated by the PHA preparation, 
and ıt was assumed, therefore, that they adsorbed the 
PHA equally well 

Most of the agglutmating activity of the PHA was 
removed, from the plasma by the first absorption with 
red cells (titre reduced from 1 32 to 1 -4) The second 
absorption removed most of the remamimg agglutinins 
(agglutination present only m undiluted plasma) After 
the third absorption plasma samples still showed a trace 
of agglutmatmg activity Even with six absorptions 
careful exammation showed that traces of agglutmm 
remained Three absorptions removed more than 95 per 
cent of the origmal agglutmatmg activity 

Cell transformation and mitotic actunty The cultures 
prepared with absorbed plasma showed excellent cell 
transformation and mitotic activity (Fig 1) In terms of 
these two parameters they were at least as active as the 
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ig 1 Photograph of transformed cells and mitoses in a leucocyte 

culture prepared with PHA in plasma after absorption with red cells 

The culture was treated with 05 per cent sodium citrate to partially 

separate the chromosomes in the dividing cells The photograph shows 
two cells m metaphase (x 800) 


control cultures which were set up with plasma and 0 2 ml 
PHA Equally good results were obtained with A, B and 
O group blood In drawmg off the buffy coat for culture, 
relatively large numbers of red cells accompamed, and, in 
fact, outnumbered the leucocytes The homogeneous 
unagglutmated appearance of the red cell suspension m 
the ‘absorbed’ culture was a strikmg macroscopic and 
microscopic feature and contrasted sharply with the 
control which showed gross red cell agglutination These 
appearances persisted throughout the culture period 

Absorption from culture medvum Durmg the course of 
this investigation 1t was found that if PHA was added to 
PO 199 medium a single absorption with washed red cells 
was sufficient to remove all the agglutmating activity, 
that 18, ın the absence of plasma the agglutimm was more 
easly removed This agglutinm-free absorbed supernate 
produced both cell transformation and mitoses Although 
these changes were less marked than those found with ab- 
sorbed plasma, they were clearly evident and unequivocal 

Electrophoresis of PHA We have attempted to separate 
the mitogenic and agglutmating principles by starch 
block electrophoresis (barbital buffer, pH 86, ionic 
strength 005) Agglutinating activity was found on the 
cathodal side of the origin in a zone stretching between. 
and overlapping the $- and y-globulin bands of the human 
plasma marker. However, none of the fractions showed 
mitogenic activity 

The PHA was electrophoresed on cellulose acetate paper 
(barbital buffer pH 8 6, 1on1c strength 0 05) which was 
then stamed with ponceau S Three bands were seen two 
major ones corresponding in mobility to y-globulin and a 
minor one with the mobihty of «-2-globulin of the human 
plasma marker 

This investigation shows that agglutinating activity can 
be removed from PHA without loss of the mitogenic factor 
Et would seem, therefore, that the agglutmating and 
mitogenic activities are different entities The removal of 
the agglutimm by absorption with red cells offers a simple 
and rapid way of separating the two principles Although 
it is difficult to remove tho last traces of agglutmating 
activity from plasma, removal 1s complete from cultme 
medium 

Punnett and Punnett" have attempted to separate the 
mitogen (leucocyte growth factor) from the agglutmin 
with the use of a rather drastic and extensive chemical 
fractionation procedure They concluded that either the 
growth factor and agglutinin are different molecules or 


NATURE 


October 12, 1963 


separable portions of one macromolecule However, they 
pomted out that the preparative procedure used was so 
extensive that ıt was not possible to distinguish between 
these two possibilties, and stated that ıt would not be 
certain that the leucocyte growth factor and phyto- 
hemagglutimm are different components until a less-drastic 
procedure has been worked out Absorption with red cells 
is probably the least-drastic procedure for this kind of 
separation Another pomt m favour of two different 
substances 1s the result of fractionation by starch-block 
electrophoresis, which ıs also a relatively mud procedure, 
agglutmating activity was easily recovered, but the 
mitogenic activity appeared to have been lost Failure to 
recover the mitogen might have been due to its mtrinsic 
instability under the conditions used, or to dissocia- 
tion fom an active complex or to very fast migration 
causing 1t to run off the block Thus, after absorption with 
red. cells, mitogenic activity could be obtamed with little 
or no agglutmatmg activity, and afte: starch-block 
electrophoresis agglutinating activity could be found with- 
out mitogenic activity 

It has recently been reported that tuberculin}? and 
diphtheria toxoid??? are mitogenic in leucocyte cultures 
from appropniately ummunized subjects Their mitogenic 
activity appears to be simular to that of phytohzemag- 
glutinin, but, so far as 1s known, neither of these substances 
has hemagglutmatmg activity These findmgs show that. 
hemagglutinating activity ıs not a necessary requirement 
for mitogenic activity 

When PHA was put into TOC 199 medium, which was 
then adsorbed with washed red cells, mitogenic activity 
persisted although the agglutinin was completely removed 
However, there seemed to be less mitotic activity than 
that found with the absorbed plasma, and this would 
suggest that some mitogen and, agglutinin were removed 
together Nevertheless, ıt was quite clear that mitogenic 
activity was still present m the complete absence of 
agglutmating activity It might be argued that the 
mitogenic activity of the absorbed plasma was dependent 
on the remaining trace of agglutinating activity While 
this argument cannot be directly refuted at present, we 
have found that certam batches of commercial phyto- 
hemagglutinn preparations (obtamed from abroad) 
possess no mitogenic activity, although they have aggluti- 
nating activity which is greater than that present ın the 
adsorbed plasma, 

TC 199 medium is a synthetic, non-protem mixture 
which is clearly very different, both chemically and 
physically, from plasma It may therefore be that the 
conditions for absorption of PHA from plasma and fiom 
TC 199 medium are different, and that this could produce 
both quantitative and qualitative differences in, the effects 
of absorption Two explanations might be considered 
mutogen complexes with some component in plasma, which 
prevents its adsorption by red cells, or mitogen reacts with 
one or more constituents in TCO 199 medium which allows 
partial adsorption on to red cells An attempt 1s being 
made to investigate these possibilities 

We thank Prof P L Molhson for his advice This work 
was supported in part by a grant to one of us (P B ) from 
the Endowment Fund of St Mary’s Hospital A B was 
supported by a bursary from the British Council 
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EARLY EFFECTS OF GLUCOCORTICOIDS ON PRECURSOR 
INCORPORATION INTO GLYCOGEN 


By Pror HAROLD L SEGAL and Miss CONCEPCION GONZALEZ LOPEZ 


Department of Pharmacology, St Louis University School of Medicine, St Louis 4, Missour: 


HE activity m live: of a number of enzymes concerned 
with amimo-acid metabolism has been shown to be 
imcreased consequent to administration of glucocorticoids 
to the whole anımal These mclude tryptophan pyrrolase’, 
glutamic-tyiosme transammase*?, and glutamic-alanime 
transammase*® The first two of these reach a peak of 
activity a few hours after hormone administration, while 
the last increases m activity more slowly, requiring about 
five days to reach a maximum The question has been 
raised whether the mcreases ın activity of these enzymes 
are causally related to the glucocorticoid-induced metease 
in glycogen synthesis Although the elevation ın hver 
glycogen content i starved animals ıs clearly evident 
about four hours followmg hormone admunistration!*, 1b 
is not known whether all precursors flow into glycogen at 
an accelerated rate according to the same time sequence, 
or whether there ıs a stumulation ın the conversion of 
diverse precursors mto glycogen each accordmg to a 
characteristic time course, perhaps as a consequence of 
the induction of separate enzyme activities A decision on 
this pomt would be expected to have a bearmg on con- 
siderations of the mechanism whereby the glucocorticoid- 
induced increase in glycogen synthesis is brought about 
As an approach to this question the meorporation of 
labelled alanine, pyruvate, glutamate, fructose and glucose 
mto liver glycogen has been measured ın normal rats and 
in rats treated 2 h previously with prednisolone acetate 
The results are presented in Table 1 It can be seen that 
in the period from 2-3 h after hormone admmustration 
there was a marked mcrease m the incorporation of all 
the precursois examined into glycogen, all to about the 
same extent 
Since there is httle or no detectable change m the 
activity of lver glutamic-alanme transaminase until 
several days after glucocorticoid administration; it can 


Table 1 EFFECT OF PREDNISOLONE ON THE INCORPORATION OF PRECURSORS 
LABELLED WITH CARBON-14 INTO LIVER GLYCOGEN 


Cpm in glycogen per g liver 


Precursor per 10° c¢ pm injected* PIN 
N P 
Alanine 139 + 56 (7) 1,270 + 289 (8) 92 
Pyruvate 43, 56 59, 36 — 
Glucose 129 +27 (10) 1,008} +182 (8) 78 
Fructose 284 + 74 (6) 2,004 + 371 (6) 72 
Glutamate 27, 88 1,163, 664 — 
Metabolite Concentration 
N P 
Glycogen (mg/g hver) 451433(29) 5l3+44 (29) 
Glucose -phosphate 
(umoles/g liver) 


0 68607+0029 079640 059 
(10) (8) 


200-250 g male rats were myjected with 18-130x10"' cpm of the 
compound shown ‘They were killed by decapitation and a portion of the 
livers dropped into hot 30 per cent potassium hydroxide 1 h later for 
glycogen isolation Another portion was homogenized in perchloric acd 
for determination of glucose-6-phosphate with the use of glucose-6-phosphate 
dehydrogenase Glycogen was isolated and prepared for counting as 
described. by Hassid and Abraham’ Chemical assay of glycogen was by the 
anthrone method! Data are expressed as means + the standard error, 
exvcept for pyruvate and glutamate where each number is an individual 
measurement The number m parentheses below each mean value is the 
number of animals in the group N refers to normal animals P refers to 
animals myected subcutaneously with 2 mg of prednisolone acetate 2 h 
previous to administration of the labelled precursor * Corrected for self- 
absorption f In addition to the values represented in this calculation, 
3 anmmals exhibited little or no increase m glucose incorporation consequent 
to prednisolone administration (97, 75, and 164 per eent of normal, 
respectively) 


be concluded that the glucocorticoid-induced alterations 
m the activity of this enzyme do not account for the 
prompt merease mn the conversion of alanine mto glycogen 
noted here In further support of this conclusion, in rats 
pre-treated with predmsolone acetate for five days, in 
which hver glutamic-alanme tiansamimase was elevated 
3—5-fold, there was no further augmentation in alanine 
mecorporation over that found under the conditions 
described in Table 1 

The results ın Table 1 suggest that a reaction common 
to the pathways of conversion of all the precursors mto 
glycogen 1s stimulated after admmustration of the gluco- 
corticoid Recently, Holz et al 7 reported a marked elevation 
m the glucose-6-phosphate levels of starved, adrenalecto- 
mized rats withn a few hours after glucocorticoid 
administration, and drew the conclusion that the increase 
im. glucose-6-phosphate levels was a primary effect of the 
hormone, leading to an increase in the rate of the glycogen 
synthetase reaction, on which the merease ın glycogen 
formation was dependent However, m our exper:ments, 
under conditions where a, several-fold merease m mcorpor- 
ation of precursors mto glycogen was obtained in fed rats, 
there was httle change m the hver glucose-6-phosphate 
concentration (Table 1) (Livers of fed adrenalectomized 
rats contamed as high a level of glucose-6-phosphate as 
did those of fed normal ammals, and glucocorticoid 
administration, as with the normals, had little effect on 
this parameter On the other hand, im livers of animals 
deprived of food for 17 h, the glucose-6-phosphate levels 
fell to values more than an order of magnitude less than 
those m fed ammals, and glucocorticoid administration m 
this case produced a detectable mecrease within 2 h, 
as reported by Hilz et al? An important factor m the 
effect of starvation on the hver glucose-6-phosphate levels 
is probably the marked deciease m hver glucokinase 
activity under these conditions, as recently reported by 
Viñuela et al® In our experiments, prednisolone acetate 
admunistration 2 h pror to kihng produced no effect on 
hver glucokinase activity ın erther fed or starved animals, 
although the levels m the latter were about 0 25 those m 
the former, as expected from the data of Viñuela et al ° 
Administration of the hormone was also without effect on 
the activities of glucose-6-phosphatase and glucose-6- 
phosphate dehydrogenase under these conditions } It ıs 
possible that there are two pools of glucose-6-phosphate, 
a relatively small one ın the pathway of glycogen synthesis 
and a second one m the pathway of glycogen breakdown 
An increase m the pool m the synthetic pathway might be 
masked m the fed an:mals, where the pool from glycogen 
breakdown 1s large, but apparent m starved animals, 
where the latter pool has all but disappeared : 

It would be useful to determme whether modification of 
the rate of synthesis of relevant enzymes 1s involved 1n the 
glucocorticoid control of glycogen synthesis Puomyem 
inhibited the hormonal stimulation of alanine incorpora- 
tion mto glycogen (Table 2). However, the results are 
somewhat ambiguous since the level of glycogen was also 
greatly reduced by puromycm administration, as previ- 
10usly reported by Hofert et al ° On the basis of the 
rapidity of the puromycin effect, these workers have 
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Table 2, EFFECT OF PUROMYCIN AND PREDNISOLONE ON THE INCORPORATION 
OF ALANINE INTO GLYCOGEN AND PROTEIN 


Compound injected Glycogen Protein. 
c pm fg liver c p m /g liver 
per 10° c p m mg/glıver perl0*cpm meg 
myecte myected liver 
None (7) 168 + 57 417457 1,810 +155 16947 
Puromyein (5) 42+8 122422 390 +109 1707 
Prednisolene (7) 1,540 + 320 439+60 2,070+350 16185 
Prednisolone + 
puromyem (6) 76237 73214 295 + 58 167 +8 


Counting and assay of glycogen, timing of prednisolone and alanine 
admunistration, and expression of data are as describedin Table1 Puromycin 
dihydrochloride was mjected intraperitoneally in 15 mg doses 3, 2, and 
1 h before killmg For protem counting and assay, a portion of liver was 
homogenized m trichloroacetic acid, the sediment washed with alcohol-ether 
and hot trichloroacetic acid and dissolved in formic acid An aliquot was 
plated for counting and another aliquot evaporated to dryness for protein 
assay by the method of Lowry et al® All counts were corrected for self- 
absorption Number in parentheses 1s the number of animals in the group 
There 31s some overlap m the mdividual measurements from which means 
were calculated in Tables 1 and 2 


concluded that the 1eduction in glycogen-level cannot be 
accounted for primarily on the basis of even a complete 
block of glycogen synthesis, and therefore appears to 
indicate a stimulation of glycogen breakdown Thus the 
lower level of counts from alanine appearmg in glycogen 
may reflect an acceleration of the breakdown of newly- 
formed glycogen, rather than, or in addition to, a decrease 
in the rate of mcorporation (This ambiguity also exists 
m the mterpretation of the data of Greengard et al, 
who found that hver glycogen-levels in starved rats 
administered, cortisone six hours before kuling were 
greatly reduced when puromycm was also given) The 
exceedingly short tme mterval between the admuisira- 
tion of the hormone and the effect observed on precursor 
mecorporation noted here would also appear to be an 
argument against modification of protem synthesis as an 
unportant factor 

The results in Table 2 also perrmt an assessment of the 
possible role of mereased transport mto the hver as a 
factor in the stimulation of precursor incorporation mto 
glycogen As can be seen from col 3, there was at best 
only a minor effect of the hormone on the meorporation of 
alanine into protein, of the order expected from the results 
of Noall et al}* on the effect of glucocorticoids on g- 
aminobutyrate transport m hver If a smgle pool of 
amino-acids exists as a precursor of both protem and 
glycogen, this result seems to rule out mcreased transport 
as a significant factor, at least m so far as alanine 
mcorporation 1s concerned 


NATURE 


October 12, 1963 


If the activity of an enzyme controlling the rate of 
conversion of precursors mto glycogen 18 affected by the 
administration of glucocorticoids, 1t might be expected 
that the mereased mecorporation would be demonstrable 
in liver homogenates from hormone-treated animals 
However, a two-hour previous admuustration of pred- 
nisolone acetate was without effect on the mceorporation 
of alanine or pyruvate mto glycogen m homogenates in 
our experiments thus far 

The primary site of action of glucocorticoids im their 
stimulatory effect on glycogen synthesis still eludes 
definition The marked merease m the flow of precursors 
into glycogen reported here precedes the imerease in 
glycogen-level and ıs the earhest effect of glucocorticoids 
on glycogen synthesis yet observed The fact that 
precursors which enter the pathway of glycogen synthesis 
both at the 3-carbon-level and at the hexose-level are 
affected mdicates that the site of stimulation 1s at a step 
late in the sequence The rates of a number of the reaction 
steps of glycogen metabolism are under the complex 
control of components of the catalysed reaction as well as 
other compounds present m liver14 It may well be 
that the key to the glucocorticoid effect on glycogen 
formation hes m the interaction of the hormone with 
these control systems 
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ACIDIC POLYSACCHARIDE ANTIGENS OF A NEW TYPE FROM E. COLI 
CAPSULES 


By IDA ØRSKOV and FRITS ØRSKOV 


International Escherichia Center, Statens Seruminstitut, Copenhagen 


AND 


BARBARA JANN and KLAUS JANN 


Max-Planck-Institut fur Immunbiologie, Frerburg-Zahringen 


URING recent years, Westphal and Luderitz, in 

collaboration with Kauffmann, have earned out 
extensive wummunochemical analyses of polysaccharide 
antigens from various genera of Hnterobacteriaceae?- 
As a logical contmuation of these studies, during the past 
two years, m our laboratories m Freiburg and Copenhagen 
a more detailed exammation of cell-wall and surface 
antigens of many Hschernchia strains was undertaken 
Until now, about one hundred serologically classified. 
E. colt strams have been extracted and analysed In 
eather communications'* the mam emphasis was placed 
on the lipopolysaccharides (O antigens) of Salmonella 


serotypes It ıs known that many Æ cols strains carry 
K antigens m addition to ther specific O antagen We 
therefore extended our studies to melude capsular antigens 
also Results of the analysis of the sugar constituents of 
Escherichia O antigens (see also ref 4) will be published 
later In this article a new type of acidic polysaccharides 
corresponding to known E coh K antigens is described 
From two # colt strains these polysacchamdes were 
iwolated, purified and analysed By routine analysis of 
extracts, acidic polysaccharides were found to be pre- 
sent ın about 20 per cent of all investigated EF col 
strains 
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The first acidic polysacchande was isolated from stram 
RVC 2907(0141 K85 ab-ac H4) The notation of 
the K antigen of RVC 2907 as K85ab->ac mdicates that 
quite frequently this stram splits off colomes which 
agglutmate m K85ac and not m K85ab serum Changes 
in the opposite direction from K85ac to K85ab have not 
yet been observed The common factor K85a 1s only 
poorly developed It ıs possible to produce pure factor 
sera corresponding to the factors b and c The K antigen 
of this stram was designated as a B antigen, even though 
it was found to be more thermo-resistant than ordinary 
B antigens. With respect to thermostabilty ıt should be 
placed between the A and B types of Æ. cola K antigens‘. 
The second acidic polysacchamde originates from stram 
A2956(08 K42(4) —), which ıs the test stram for 
E coh K antugen 42 This K antigen belongs to the A 
type which renders the parent stram magglutimable m 
08 serum in the living state, but also after boilmg for 1 h 
Two hours at 120° C will render ıt agglutinable to some 
extent m the homologous O serum. 

E cols strains were grown on ox heart mfusion agar 
and the acetone-dried bacteria were extracted with 45 
per cent phenol at 65° C for 5 mm (ref. 6) The aqueous 
phase was dialysed, concentrated and ultracentrifuged at 
105,000g to give a sediment of the high molecular weight 
hpopolysacchanide (O antigen) The supernatant was 
freeze-dried and the resulting material dissolved ın 0 25 
molar sodium chloride Addition of ‘Cetavlon’’® led to 
the precipitation of nucleic acid—‘Cetavion’ salts which 
were removed by centnfugation By dilution of the 
supernatant with water the acidic polysacchande was 
precipitated as the ‘Cetavlon’ salt After separation by 
centrifugation the ‘Cetavlon’ salt was transformed mto 
the sodium salt which was dissolved m water By ultra- 
centrifugation at 105,000g trace amounts of lpopoly- 
saccharide, carned along with the procedure, were 
removed as sediment After freeze-drymg of the super- 
natant the purified acidic polysaccharide was obtamed as 
a white powder Recently, Srivastava and Adams?!° 
have apphed a sumilar procedure for the isolation and 
purification of acidic polysaccharides from Serratia marces- 
cens 


The procedure, when apphed to E coh RVC2907(0141 
K85(B) H4) and to Æ. cols A295b(08 K424) —), yrelded 
55 and 78 per cent of purified acidic polysaccharide 
respectively The substances dissolve slowly m water to 
give clear and viscous solutions, with [a]%,, = + 9 4° 
and + 93 5° respectively 

The acidic capsular polysaccharide obtamed from 
E cols RVC2907(0141 K85(B) - H4) sediments m the 
ultracentrifuge as a homogeneous band From the sedi- 
mentation constant of s., = 3-5 S and the diffusion con- 
stant of Da = 2 6 em*’sec-}, a molecular weight of approx- 
mately 100,000 is calculated for the polysacchande 
Its main constituents are mannose (33 per cent), rhamnose 
(18 per cent), glucuronic acid (19 per cent) and glucosamine 
(17 per cent) In addition the following radicals were 
found O-acetyl (4 per cent), N-acetyl (4 per cent) and 
N-acyl (6 per cent, calculated as B-hydroxy-myristic 
acid). Hydrolysis with 0 25 N sulphuric acid at 100° C 
for 45 min lhberates N-acetyl glucosamine and a hitherto 
unidentified N-acyl glucosamme Chromatographic m- 
vestigation of hydrolysates of the acidic polysaccharide 
revealed a fatty acid which could not be differentiated from 
8-hydroxy-mynstic acid But the isolated N-acyl glucos- 
amme was chromatographically distinct from synthetic 
(p,L)-N-6-hydroxy-myristinoyl-p-glucosamme'" This m- 
dicates that the polysaccharide contains an WN-acyl 
glucosamine not identical with, but very closely related 
to, N-B-hydroxy-myristinoyl-p-glucosamine 

The lpopolysaccharide (O antigen) isolated from 
E col RVC2907(0141 K85(B) + H4) ıs composed of 
glucosamine, heptose, galactose and glucose, thus belong- 
mg to chemotype I (ref 1). It should be noted that ın the 
hpopolysaccharide and m the acidic polysaccharide, glucos- 
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amine 18 the only common sugar constituent, whereas 
heptose, galactose and glucose are found in the lpopoly- 
saccharide, and mannose, rhamnose and glucuronic acid 
are present in the acidic polysaccharide only With the 
acidic polysaccharide all tests for galactose and/or glucose 
were practically negative, mdicating that ıt contams, 
if any, less than 2 per cent of contammatmg lhpopoly- 
saccharide. The Æ. cols #VC2907 stram, therefore, pro- 
duces two polysaccharides of very different composition 

Hydrolysis of the acidic polysaccharide with N sul- 
phuric acid at 100° C for 3 h gave rise to an aldotriurome 
acid, [a]; = + 4°, consisting of two mannose and one 
glucuronic acid residues, mannose bemg at the reducmg 
end ‘The trisaccharide was isolated by preparative paper 
chromatography ın 12 per cent yield (based on the acidic 
polysacchande). Apart from the removal of O-acetyl 
groups, the acidic polysaccharide 1s stable ın aqueous 
alkal Perniodate oxidation of the polysaccharide results 
ın the uptake of 0:35 moles of oxidant and the liberation 
of 0 1 mole of formic acid per mole of anhydrohexose The 
formation of formaldehyde 1s neghgble Durmg periodate 
oxidation all the rhamnose, 55-60 per cent of the glucu- 
rome acid and about 20 per cent of the glucosamine are 
destroyed Mannose 1s resistant to oxidation 

An acidic polysaccharide with the same composition 
has been isolated from stram D295(0141 K85ac H4), 
which is a K antigen mutant isolated from RVC2907, 
and also from CG9, which is a wild-type stram serologically 
identical with D295 but of mdependent omgm 

The acidic polysaccharide obtamed from EH cok 
A295b0(08 K42(A4) —), after purification by the afore- 
mentioned procedure, still contamed 3-5 per cent 
protem, which could be removed by meubation with 
papain or by treatment with 45 per cent phenol at 65° C for 
15mm Neither method alters the chemical composition 
of the acidic capsular polysaccharide, which contams 
galactose (37 per cent,) fucose (18 per cent), galacturomec 
acid (33 per cent), glucosamme (25 per cent), and in 
addition the followmg radicals O-acetyl (6 4 per cent), 
N-acetyl (0 6 per cent) and N-acyl (0 8 per cent, calculated 
as B-hydroxy-myristic acid) Hydrolysis with N sulphuric 
acid at 100° C for 2 h gave rise to an aldobiuronic acid, 
[o]25., = + 538°, consisting of galacturonic acid and 
fucose as the reducing end The disaccharide was obtained 
by preparative paper chromatography m a yield of 26 
per cent The hpopolysaccharide of Æ cole A295b(08 : 
K42(A) —) was found to be composed of glucosamine, 
heptose, galactose, glucose and mannose (chemotype 
IH (see ref 1)) with additional acetyl groups and long-chain 
fatty acids Thus, the acidic polysaccharide can be 
chemically differentiated from the lpopolysaccharide of 
the same strain by 1ts content of fucose and galacturonic 
acid , 1ts purity with respect to possibly contamimating 
lpopolysaccharide can be judged by testing for the 
absence of heptose, glucose and/or mannose. 

Serological tests were carried out in order to elucidate 
the relationship of these acidic polysaccharides to known 
E col antigens In gel-diffusion tests, saline extracts of 
living organisms of the two closely related strains R VC2907 
(0141 : K85ab—>ac:H4) and D295(0141 K85ac . H4) 
were tested agamst homologous (and heterologous) anti- 
sera In addition to common precipitation lines, each 
strain showed a characteristic band as an expression of the 
differences ın specificity found also by agglutination 
techniques, that 1s, differences of the K antigens These 
bands were identical with those obtained by precipitation 
of the purified acidic polysaccharides and the correspond- 
ing bacterial antisera By exhaustive precipitation 
(absorption) using the acidic polysaccharide, 1t was possible 
to remove from an OK serum the precipitins responsible 
for the strain-specific K antigen line and all homologous 
K agglutinins It should also be mentioned that in gel 
diffusion tests the lpopolysaccharides (O antigens) of 
these two strains are identical and unrelated to the K 
antigen bands With and without Freund’s adjuvant, 
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the purified acidic polysaccharide of RVC2907 is non- 
antigenic in rabbits 

In serological tests with the acidic polysaccharide from 
E cole A285b(08 . K42(A) —) we found that this sub- 
stance wil remove from a homologous OK serum almost 
all agglutimins for the living organisms, whereas O anta- 
bodies were not absorbed In gel-diffusion tests with 
bacterial extracts (saline) the absorbed serum did not give 
any precipitation line characteristic for the K antigen 
Clear-cut results were also obtained using the passive 
hemagglutination technique! For this purpose the 
following sera were used an OK serum against 08 42, 
& pure K42 serum produced by absorption of the OK 
serum with # colt D284(08 . K-), a K--form of the strain 
08 K42, and a pure O serum Human blood group B 
erythrocytes were sensitized with the lipopolysaccharide 
(O antigen) or with the acidic polysaccharide respectively 
It was found that the acidic polysaccharide modified 
erythrocytes directly, that ıs, without alkali or heat pre- 
treatment!’ In the hemagglutinating systems the acidic 
polysaccharide was found to be highly reactive with OK 
and K sera (titres of 1 20480 ın both systems), but not 
roactive at all with O serum (titre 1 10) On the other 
hand, the lpopolysaccharide was highly reactive with 
OK and O sera, but not reactive at all with K serum 

Piof Michael Heidelberger, Institute of Microbiology, 
New Brunswick, New Jersey, kindly tested the two acidic 
capsular polysacchandes, desembed here, for cross- 
precipitation with Pneumococcus horse antisera Hoe found 
the acidic polysaccharide of E cola 0141 K85(ab—ac) to 
c1oss-react strongly with type V antiserum and less 
markedly with type II antiserum The acidic polysac- 
charide from Æ coh 08 K42 showed cross-reactivity with 
type XXV antiserum These cross-reactions, which are 
based on common structures probably including identical 
uronic acid units, may be of value for the elaboration 
of specific structures in the respective acid polysaccharides 

Since there are several similarities between E cols 
strains with K antigens of the A type and capsulated 
Klebsiella strains, ıt might be mentioned here that 
recently Barker ef al 4 have described an acidic poly- 
saccharide from a Klebsiella strain which is maimly com- 
posed of glucose, fucose and glucuronic acid 

The acidic polysaccharides with serological K specificity 
are distinct from another type of acidic polysaccharides, 
which appear to be similar to or identical with those de- 
scribed by Goebel (colanic acid'*), Andersont! and Wilkin- 
son’? and which are probably the M antigens common to 
many Enterobacteriaceae These rather ubiquitous acidic 
slime substances wore separated from the acidic polysac- 
charides with K specificity by fractional ‘Cetavlon’ pre- 
cipitation Separation 1s effected as follows the aqueous 
phase of phenol/water extracts (65° C (ref 6) ) 1s dialysed, 
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concentrated and ultracentmfuged at 105,000g (sedimenta- 
tion of the hpopolysaccharide) and the supernatant 1s 
lyophilized ‘The resulting material is dissolved in 0 25 
molar sodium chloride and‘ Cetavion’ 1s added to precipitate 
the nucleic acid fraction, which 1s removed by centrifuga- 
tion The supernatant is stirred and slowly diluted with 
water The acidic slme substance precipitates as ‘Cetavlon’ 
salt after the addition of 0 5-1 volume of water, whereas 
the acidic capsular polysaccharide with K specificity 1s 
precipitated only after the addition of 1 5-2 volumes of 
water The precipitates are removed by centrifugation. 
as they appear As an example from the mucoid phase of 
E col 059 K(?) H19, grown at 18° C, the following 
polysaccharides could be extracted and separated 25 
per cent lipopolysaccharide (O antigen), composed of 
glucosamine, heptose glucose and mannose (and traces of 
galactose), 9 per cent acidic slime substance (M), com- 
posed of glucuronic acid, galactose, glucose and fucose, 
27 per cent acidic polysaccharide (K)—composed of 
galacturonic acid, glucosamme, galactose and mannose 
From the same strain, grown at 37° ©, only lipopolysac- 
charide (3 2 per cent) and acidic polysaccharide (4 8 pei 
cent) were isolated, but no acidic slime substance It 1s 
remarkable that a single bacterial species is able to syn- 
thesize these different complex polysaccharides 

More detailed accounts of our work on acidic polysac- 
charides isolated from capsular antigens of Escherichia 
strains will be published later 

We thank Prof O Westphal for his advice and criticism 
and for his continuous interest in this work We also 
thank Prof M Heidelberger for carrymg out cross- 
precipitation tests of the acidic Æ cols capsular poly- 
saccharides with Pneumococcus horse antisera 
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REVERSAL OF PHOTOPERIODIC INDUCTION OF STRAWBERRIES 
WITH MALEIC HYDRAZIDE 
By P A THOMPSON 


Scottish Horticultural Research Institute, Mylnefield, Invergowrie, Dundee 


T has been shown! that treatment with maleic hydrazide, 
at levels which do not reduce the rate of leaf production, 
can prevent flower truss mitiation m strawberry plants 
growing in inductive short-day cycles ‘This substance has 
also been found? to mhibit flower imitiation m Biloxi 
soybean, chrysanthemum and peppermmt, but ıt was 
not certam that the effect was directly on the processes 
of flower mrtiation rathe: than a general mhbition of 
plant growth 
Experiments mveolving the application of maleic hydra- 
vide to strawberry plants over the past few years have 


occasionally resulted ın the time of treatment beimg 
coincident with, or immediately successive to, the time of 
flower initiation, and this has resulted in a reversion of the 
flower shoot to a more or less vegetative condition in 
several strawberry varieties 

In the first expermment a range of concentrations of 
maleic hydrazde was apphed as a smgle dose to the 
leaves of plants of the vanety Talisman growing m a 
growth cabmet at 15°C m a photoperiod of fourteen 
hours Three weeks after the treatment, the plants were 
transferied to a warm glasshouse where they were grown 
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e 1: EFFECT OF A RANGE OF CONCENTRATIONS OF MALEIC HYDRAZIDE 
) ON. THE INCIDENCE OF PHYLLODY IN THE STRAWBEERY VARIETY 


TALISMAN 





Mean No. 
jeaves to 
flower 


No. of 
flower trusses 
tper 12 plants) 


10 


~~ Conen. of MH 
— Cugiplant) 
: 7 


PhyHody 
(per cent) 


-J 


ar tn th ir Grit ot 
+ . a . » a t * 
ene it pee BE E GE ae ohm 


EE oh aE 
-1 
M 


from May 2 until harvested on June 10. Table 1 shows — 
the range of concentrations applied, the numbers of 
flower trusses found, the percentage of flower trusses 
xhibiting phyllody, and the mean number of leaves 
-emerging between the time of treatment and the emer- 
-< gence of the flower truss. 
' Table 1 shows that the incidence of phyllody in the 
flowers increased with increasing concentrations of maleic 
drazide, and the appearance of a fairly extreme example 
of flower truss reversion is shown in Fig. 1. In this experi- 
ment the mean number of leaves between treatment and 
flower emergence was about 5-5, and as this variety 
` normally has between five and six leaf primordia within 
= ifs bud, it may be inferred that the treatment was applied 
within one plastochron of the time of flower truss initia- 
tion. 
In a second experiment maleic hydrazide was applied 
to plants of the variety Climax by spraying whole plants 
with solutions containing either 125 or 62-5 p.p.m. of 
active ingredient twice a week for a period of six weeks— 
July 29-September 19. There were twenty plants in each 
"treatment. This variety initiates flowers freely over a 
‘Jong period and from the beginning of the course of 
treatment flowers at all stages of development were 
-> presentin the bud; a number of abnormal flower forms 
= yesulted. These were broadly of two types; flowers in 
- which varying degrees of inhibition of the development of 
- the female parts occurred, which have been described in a 
"previous paper*; and inflorescences showing phyllodious 
development of the flowers. The former type was found on 
inflorescences which were two or more plastochrons old 
at the first treatment; the latter was confined to those 
-inflorescences which were initiated within one plastochron 
before or after the start of treatment. The degree of 
phyllody ranged from an almost complete reversion of the 
‘whole truss similar to the condition illustrated in Fig. 1 
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Fig. 2, Reversion of a primary flower of Fragaria elatior to a vegetative 
hud after treatment with maleic hydrazide 





Fig. 3. Development of leafy bracts on the receptacle after treatment 
with maleie hydrazide 





The results of these experiments show that not only can 
maleic hydrazide prevent the initiation of inflorescences 











in strawberries in response to favourable photope 
but also that it can eause a reversal of the 
following induction which normally lead to. th 
ment of a flower truss irrespective of the d 

The results also show that the timing 
extremely critical, so that the effect w 
the treatment was applied with 
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ot possible 
“maleic hydrazide and the changes in the apical meristem 
_ aecompanying the transition from the vegetative to the 
_ flowering condition are obscure. One may, however, con- 
hat the changes which occur in the meristems are 
ted through the RNA system and are produced or 
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. connexion a recent paper by Butenko and 


skakov' is of particular interest, in which they demon- 






of the changos 


which this treatment produced, since both the action of to 












urg 


experiments acted in a similar way on nucleic acid syn- 
thesis then this chemical may provide a useful tool for 
the investigation of the changes in tho apical meristem 
occurring during photoperiodic induction. 

i Thompson, P. A.,"Hort. Res.,1, 29 (1961). 

* Klein, W. H., and Leopold, A, C.. Plant Physiol., 28, 293 (1958). 

* Thompson, P, A., J, Ezp. Bot., 12, 199 (1961). 

* Butenko, R. G., and Baskakov, Y., A., Fiz. Rast., 7, 385 (1960). 


= ` DIFFERENT SPECIFICITIES OF PROLINE-ACTIVATING ENZYMES FROM 
| oe SOME PLANT SPECIES 
By P. J. PETERSON* and L. FOWDEN 


Department of Botany, University College, London 


N recent years many amino-acid analogues have been 
chemically synthesized and used as antimetabolites to 
natural compounds in the synthesis of proteins!, while a 
large number of naturally occurring, newly characterized 
amino- and imino-acids®? appear to have been neglected 
in such investigations‘, although often possessing struc- 
tures closely akin to the protein amino-acids. Azetidine-2- 


carboxylic acid, a member of the latter group of.: 


compounds and the lower homologue of proline®.*, has a 
restricted distribution in some members of the Liliaceae 
and the closely related Agavaceae’. It may occur in all 
parts of the plant as seen in Convallaria majalis and 
Polygonatum multifiorum’*, or its distribution may be 
restricted to certain plant organs, especially seeds’. The 
~-imino-acid, which is present in the aqueous ethanol- 
soluble nitrogenous fraction of these plants, is not known 
to occur naturally in plant proteins? and therefore has 
been loosely described as a non-protein imino-acid. 
-When azetidine-2-carboxylic acid was supplied to 
-germinating seeds of different species in which it does not 
normally occur, for example, Phaseolus aureus, it produced 
marked growth inhibition and was lethal at high concen- 
tration’. The degree of inhibition was dependent on the 
concentration supplied and on the species investigated. 
_ The severity of growth inhibition produced by azetidine- 
2-carboxylie acid was greater than when the same con- 
centrations. of p-fluorophenylalanine were supplied to 
. seedlings. Azetidine-2-carboxylic acid also inhibited the 
-growth of carrot tissue cultures’, Escherichia coli! and 
chick embryo‘. This behaviour has been attributed to its 
action. as a proline analogue, where a stoichiometric 
‘replacement of proline occurred with production of 
abnormal proteins having impaired biological activity‘. 
The inhibitory action of azetidine-2-carboxylic acid was 
reversed by addition of proline, and therefore differences 
in endogenous proline concentrations could explain the 
-differing degrees of growth inhibition observed with 
ant species. | 
ce of incorporation of azetidine-2-carboxylic 


_ profound growth-in’ 






| g it suggest that some difference must exist in 
specific selection mechanisms for amino-acids in these two 


groups of plants, A differentiation between proline and 
azetidine-2-carboxylic acid could result from either of 


two causes’. The Liliaceae may have evolved a sub-cellular 
organization that excludes azetidine-2-carboxylic acid 


from the sites of protein synthesis, for example, vacuolar 


_. * Holder of a New Zealand National Research Fellowship, -~ 








the proteins of liliaceous species producing this _ 
ethal dose for Phaseolus aureus?) and its 


storage, or a more subtle enzymatic selection between 
proline and azetidine-2-carboxylic acid may occur at one 
(or more) points during the elaboration of protein mole- 
cules. The second, more interesting possibility has received 
our attention here. 

The mechanism of protein biosynthesis is well estab- 
lished, the initial step being the enzymatic activation of 
amino-acids", Investigations on more or less highly 
purified activating enzymes have shown that each amino- 
acid is activated by a specific enzyme and that these 
enzymes exhibit high specificity, often being able to 
discriminate between analogues and their normal amino- 
acid substrates!®. In the majority of cases, if an analogue 
is activated, usually measured by the adenosine-5’- 
triphosphate-[**P pyrophosphate (ATP-[#*P]PP) exchange 
reaction, then it is incorporated into protein. However, 
discrimination at a subsequent intermediate reaction in 
protein synthesis has been reported!4, as has discrimina- 
tion at the transfer step to S-RNA (transfer-ribonucleic 
acid). A selection at a later stage appears unlikely 
because a ‘wrong’ amino-acid becomes incorporated, into 
protein if it is produced by chemical modification of the 
‘correct’ amino-acid while the latter is attached to its 
specific S-RNA}!627, 

The varying abilities of the proline activating enzyme 
from several plant sources to differentiate between its 
normal substrate and azetidine-2-carboxylate, used as an- 
analogue, are reported here. The results leave little doubt. 
that the observed selective incorporation of azetidine-2- 
carboxylic acid into plant proteins aforementioned can be 
attributed to the differences of specificity observed: for | 
this enzyme when obtained from different. sources, — 
However, the reason why many liliaceous plants elaborate. 
azetidine-2-carboxylic acid at all remains an intriguing, 
but unsolved, problem. a E 

Enzyme Preparation and Assay Procedure. Four plant — 
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pH 7 5) contammg 0 4 M sucrose. Rhizome tissue (60 g) 
was homogenized (0 5 min) at 12,000 r p.m with the same 
tires buffer-sucrose solution (150 ml) The slurries were 
pressed through cheesecloth and the liquid collected and 
centrifuged at 20,000g for 15 min (step A) The cell-free 
supernatant was diluted with water (45 ml) and then 
protem was precipitated by addmg 01 M acetic acid to 
pH 4 2 and sedimented at 12,000g for 5 mın The protem 
was re-suspended in tres buffer (95 ml ) without sucrose, 
centrifuged to remove insoluble denatured matenal and 
fractionated over known pH ranges with centrifuging as 
before The precipitated protem was dissolved finally in 
01 M irs buffer pH 79,10 ml (step B} Further enzyme 
purification was achieved by ammonium sulphate precipi- 
tation of these fractions followmg standard procedure 
with additions of solid salt to give known saturations, 
precipitated protein was sedimented as before The 
precipitates were dissolved, in ¿res buffer as above for the 
acid fractions and the solutions were dialysed for not less 
than 2 h against the same tris buffer (step C) 

[P] Pyrophosphate was prepared from sodium [%?P] 
orthophosphate, by raising the pH to about 9, adding 
carrier Na,HPO, and pyrolysmg m a platinum crucible 
(500° C, 5 h)! Paper chromatography on 1 per cent 
(w/v) oxalic acid-washed Whatman No 2 paper with two 
solvent systems!”:20, followed by radioactivity scanning, 
showed the purity to be greater than 98 per cent pyro- 
phosphate 

The enzyme assay conditions are described in the 
footnote to Table 1 Reactions were stopped by coohng 
and adding cold 75 per cent (w/v) trichloroacetic acid 
(2 ml) Precipitated protem was sedimented (1,500g) 
and supernatant samples (1 ml) were added to 01 M 
sodium acetate (26 ml) ATP-[2*P]PP exchange was 
measured by a charcoal adsorption method*)*2 using 
acid-washed** ‘Darco @ 60’ charcoal The two termmal 
phosphate groups of the charcoal-adsorbed ATP were 
hydrolysed (100°C, 15 mm) with N hydrochlone acid 
(4 ml ) and the radioactivity determmed ın 1 ml samples 
Inorganic phosphate determinations were also carried out 
on the hydrolysate*4 Protem content of the enzyme 
preparations was determined using bovine plasma albumin. 
as standard? The results are expressed in terms of per 
cent exchange and rate of exchange** Each set of results 
presented was obtamed from a different enzyme prepara- 
tion 

Results of Activation Investigations The soluble fractions 
obtained from different plant tissues after step A were 
tested for thew abihty to catalyse the ATP-[5*P]PP 
exchange The results shown mm Table 1 (only two species 
are mecluded to avoid repetition) mdicate that added 
prohne did not stimulate tho exchange, although the 
addition ofa ‘complete mixture’, that 1s, twenty protem 
amino-acids, did cause some stimulation of exchange 
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Table 1 Errnct oF POTASSIUM FLUORIDE ON THE ACTIVATION OF AMINO- 


ACIDS BY HOMOGENATES OF Pisum satevum AND Phaseolus aureus, 
MEASURED BY ATP-[*P]PP EXCHANGE 
R (umole 
Species Fluoride Ammo- Per cent exchanged/ AR 
(umole) acid exchange h/mg protein) 
Pisum 20 Endogenous 16 58 0 010 — 
20 Complete 
mixture 25 76 0 016 6 006 
20 L-proline 16 60 0010 NS 
0 Endogenous 32 38 0 O21 — 
0 Complete 
mixture 36 60 0 025 0 005 
0 L-proline 82 40 0 021 S 
Phaseolus 20 Endogenous 38 82 0 055 — 
20 Complete 
mixture 40 74 0 0860 0 605 
20 L-prolme 38 39 0 055 NS 
0 Endogenous 4081 6 061 — 
Q Complete 
mixture 44 33 0 067 0 006 
0 L-proline 40 71 0 060 NS 


Incubation system ATP, 4 umole, [*P]PP, 4 umole, about 10% cpm, 
magnesium sulphate, 10 umole, éris-HCl buffer pH 7 6, 100 umole, 06 ml 
enzyme solution t&-proline, 5 umole, ‘Complete mixture’, contamed 20 
protem L-amimo-acids each at 25 umole Final volume 1 m! Incubation at 
37° C for 15 mm All treatments duplicated 
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Table 2. ACTIVATION OF AMINO-ACIDS BY AOCBTIO ACID-PRECIPITATED 
PROTEIN FRACTIONS FROM HOMOGENATES OF FOUR PLANT SPECIES 
MEASURED BY ATP-[**P]PP EXCHANGE 


Species and R (umole 
acid fraction Amuno-acd Per cent exchanged/ AR 
exchange h/mg protem) 
Phaseolus 
pH 42-46 Endogenous 6 82 0 171 — 
Complete 
mixture 79 59 2 955 2 784 
L-proline 51 90 1770 1 599 
L-A 2 C* 25 22 0 704 0 533 
Pisum 7 
pH 42-468 Endogenous 2 33 0 055 — 
Complete 
mixture 38 31 11381 1 076 
L-proline 9 30 Q 228 0 173 
L-A 2 0* 379 0 091 0 036 
Polygonatum 
pH 46-53 Endogenous 32 48 0 285 — 
Complete 
mixture 7150 0 912 0 627 
L-proline 39 00 0 359 0 074 
L-A 2 O* 31 65 0 276 NS 
Convallaria 
pH 4 6-5 0 Endogenous 16 09 0 478 — 
Complete á 
- m ture 90 40 6 380 5 902 
L-proline 37 80 1 293 0 815 
L-A 2 C* 16 29 0 484 NS 


For meoubation system, refer to legend Table 1 The fractionation pH 
Tanges recorded were established on solutions which were first precipitated 
to pH 4 2 redissolved m 01 M ¢trss-HCl buffer pH 7 6 

*y-azetidine-2-carboxylic acid 


Hence, in order to investigate proline activation a marked 
lowermg of the endogenous exchange rate was essential 

An, extract contaming protem obtaimed from the original 
homogenate after precipitation at pH 5, that 1s, a ‘pH. 5 
fraction’, showed some proline activating activity but the 
endogenous rate was still very high. Better results were 
obtained after step B, ın which the protein was precipitated 
first down to pH 4 2, then redissolved to give an extract 
that was fractionally precipitated at several known pH 
values 
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Fig 1 Effect of concentration of enzyme from protem fractions of 
(a) Phaseolus aureus and (b) Polygonatum multiflorum on L-prolme (O) 
and L-azetidine-2-carboayhe acid (@) stimulated rates of ATP-[?4PJPP 


exchange Assayed under standard conditions described im Table 1 


150 

ATP-ase activity was present in the whole homogenate 
(step A) Potassium fluoride was added to mhuibit this 
activity but also suppressed. activation, especially ın the 
pea seed extract, and was therefore omitted after subse- 
quent purification steps where the ATP-ase was negligible 
This effect of fluoride on activation has been noted 
previously by other workers on higher plant extracts?’, 
but ıs absent m mvestigations on micro-organisms”? 

Table 2 shows the proline and azetidine-2-carboxylic 
acid activation values obtamed for the four species 
together with results for the ‘complete mixture’ Data 
are given only for those pH values that correspond to the 
highest proline activation Protem precipitated over pH 
ranges above those shown exhibited markedly less activity, 
while measurements with protem precipitated below pH 
42 were difficulé owmg to mstabilty of the enzyme m 
these acid solutions The pH range over which the most 
active fraction precipitated was dependent on the origin 
and the purity of the protem and, ın view of the differences 
mm protem. composition between dicotyledonous and 
monocotyledonous seeds, 1t 1s not surprising that species 
differences were encountered as is shown in Table 2 

The most significant result seen ın Table 2 ıs that 
azetidine-2-carboxylic acid 1s activated at about one-third 
of the rate of proline ın pea and mung bean (species which 
do not normally contam. azetidme-2-carboxylic acid), yet 
m the two hlaceous species, azetidine-2-carboxylic acid, 
which 1s normally present, is not activated The same 
1elative activation values as those presented in Table 2 
were obtamed for the four species at all the other pH- 
precipitation ranges tested The possibility that the 
differences m. the ability to activate azetidine-2-carboxylhe 
acid were not a function of species but merely of the tissue 


03 





Qi 2 5 410 15 
Time (min) 
(a) . 
O1 
D 
v r 
D A 
Oo 
5 
= 
i 
G 
9 005 
9 
mn 
© 
_ 
pi <j f 
s 
(e) 
oO 2 5 10 15 
; Tıme (min) 
Cb) 


Fig 2 Effect of time of incubation of enzyme preparations from (a) 
Phaseolus aureus and {b} Polygonatum multiflorum on L-proline (O) and 
L-avetidine-2-carboxylic acid (@) stimulated rates of ATP-(?*P]PP 
exchange Assaved under standard conditions described in Table 1 
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(b) 


Fg 3 Variation of rate of L-proline (O) and r-azetidine-2-carboaylic 
aad (@) stimulated Sep ie exchange with pH, for enzyme 


preparations from. (a) Phaseolus aureus and (b) Polygonatum multiflorum 

01M Citrate-NaOH buffer pH 6 6, or 0 1 M tns-HCl buffers pH 6 8-9 1 
were used to dissolve final precipitated protem Assayed under standard 
conditions described in Table 1 except for the pH values of buffer used 


chosen for enzyme preparation, that is, seed compared 
with rhizome, was elimmated by showing that similar 
preparations from seed of Convallarra majalis also failed 
to activate the analogue 

A series of further expermments were performed to 
determine the relationships existing between the rates of 
activation of azetidime-2-carboxylic acid and probne and 
enzyme concentration (Fig 1), reaction time (Fig 2), and 
pH (Fig 3) 

Throughout the fractionation procedure of mung bean 
or pea extracts, an observed ability to activate prohne 
was always accompanied by a proportionately smaller 
activation of azetidine-2-carboxylic acid, mdicatıng that 
only one enzyme was mvolved This conclusion was 
confirmed by adding both imino-acids together (5 umole 
of each) when the rate of activation remamed the same as 
when proline alone was added (Table 3) The same result. 
was obtamed when the immo-acids were added at 2 5 or 
10 umole concentration Had two enzymes been mvolved, 
the rate would have been close to the sum of the rates 
determmed for the two immo-acids separately 

The pH-precipitated protem fractions from mung bean 
and Solomon’s seal rhizome extracts contamed enzymes 
Table 3 EFFECT OF ADDITION OF L-PROLINE AND,-OR, L-AZETIDINE-2- 


CARBOXYLIC ACID, ON THE RATE oF ATP-[5*P]PP EXCHANGE IN pH 42-46 
ACETIC ACID PRECIPITATED PROTEIN FRACTION FROM Phaseolus aureus 


Percent R(umole exchanged 
Amuino-acid (5 umole) exchange ( hmg proteniy. / AR 
orong 2 52 0 102 meee 
L-proline 40 55 2 090 
L-proline +i-A 2 0* 40 20 2 070 i 368 
LA 2C* 18 75 0 834 0 732 


* y-Azetidine-2-carbovyhic acid 
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capable of activatmg twelve and eleven other protem 
amino-acids respectively A protein fraction further puri- 
fied by precipitation between 60 and 70 per cent saturation 
ammonium sulphate contamed the highest proportion of 
the proline activating activity and also had the highest 
enzymatic specific activity This fraction also activated 
fewer amino-acids and their relative per cent activations 
compared with the value for proline were lower The ratios 
of piolne to azetidme-2-carboxyhe acid activation rates 
wore the same for all the fractions precipitated from mung 
bean extracts by different concentrations of ammonium 
sulphate, none of the ammonium sulphate precipitates 
from Solomon’s seal extracts showed any capacity to 
activate azetidine-2-carboxyhe acid 

Highe: plants have rarely heen used as experimental 
material for investigations of amino-acid activation and 
they have served even less often as starting material for 
enzyme purification Previously, only weak proline 
activating activity has been encountered in higher plant 
extracts, but we have found the mung bean especially to 
be excellent material for purification of this enzymatic 
activity and as a source of a number of other activating 
enzymes 

Species differences observed m the properties of ammo- 
acid activating enzymes do not appear to have been 
reported previously However, the followimg article 
describes a similar difference ın the specificity of the 
methionine activating enzyme present ın wild-type and in 
an ethionine-resistant mutant of Coprinus Presumably 
one may infer that species producing azetidine-2-carboxy- 
late have evolved a proline activating enzyme differing 
shghtly m protem conformational features (tertiary 
structiue) from the enzyme present mn other species, and 
possessing a subtly modified active centre that can reject 
azetidine-2-carboxylic acid The proposed structural 
modification may conceivably be attributed to the 
presence of different ammo-acid sequences in the region 
of the active centres of the same enzyme from different 
plant species Structural variability of this type already 
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has been established for certain protems obtained fiom 
different animal species?! 


Fwther purification of the prohne activating enzyme 
and the testing of othe: natwally occurrmg proline 
analogues and imino-acids have been carried out and will 
be 1eported shortly 

We thank the New Zealand Council of Scientific and 
Industrial Research for a fellowship for one of us (P J P) 
and the Central Research Fund of the University of 
London for an apparatus grant. 
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STRUCTURAL GENE FOR THE METHIONINE-ACTIVATING ENZYME AND 
ITS MUTATION AS A CAUSE OF RESISTANCE TO ETHIONINE 


By Pror D. LEWIS, FRS 


Department of Botany, University College, London 


N the present genetical theory of the synthesis of 

enzymes there should be, in all organisms, at least 
twenty genes for the postulated twenty enzymes which 
activate the twenty proper ammo-acids m proteins Some 
of these enzymes, if they are hetero-polymers, would 
require two structural genes as in hemoglobin None 
of these genes has been found in any organism The 
common method of obtaining biochemical mutants ın 
mucro-organisms by growing the cultures on supple- 
mented media will only detect mutants of genes con- 
cerned with the synthesis of relatively simple molecules 
which can be supphed ın the medium An enzyme 
which 1s primarily essential for protem synthesis would 
be irreplaceable under all conditions It is not surprising, 
therefore, that genes for the activatmg enzymes have 
not been detected A specific search for the gene of 
the histidine-activating enzyme in Salmonella has been. 
made by Ames and Hartman! They tested for the 
tustidine-activating enzyme in cultures with single-site 
and multi-site mutations in the cluster of the histidine 
biosynthetic gones No differences were found in the 
activating enzymes ın these mutant stocks It ıs doubt- 
ful if this method, even if extended to the whole 
genome, would yield results, because most of these 


unselected mutations and deletions would cause complete 
mactivity or loss of the enzyme, and this would be 
lethal 

The method I have used to detect the gene for the 
methionime-activating enzyme is to screen for small 
non-lethal changes m the active sites of the enzyme by 
using analogues of methionme 

Analogues of five amino-acids, when applied to higher - 
or micro-organisms, are known to become mcorporated 
mto protem, for reviews see refs 2 and3 Some of these. 
such as azetidine-2-carboxylic acid, are highly toxic to 
many orgamsms*>® At the other extreme ıs seleno- 
methionine, which not only replaces all the methionme 
in the protem of Escherichia colt without effect on growth 
but also can support Imear growth m the complete 
absence of a source of sulphur® 

Ethionine, the analogue of methionme, used m my 
experiments, 18 known to be incorporated mto the protem 
of rat tissue’, Tetrahymena’, yeast®!° and Bacillus 
subtalis!" It 1s toxic to yeast but not to Bacillus 
subtilas The toxicity of ethionme has been attributed to 
(1) its effect on the properties of protems by mcorporation, 
(2) by mterfermg with lpotrophic activity, and (3) by 
interfermg with transmethylation’° 
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Fig 1 Radial growth of wild-type stocks on solid medium ın 24 h, 
160 mg/l =0 61 x 10-3 M ethionme 


Effect of Ethaonune on Growth of Coprinus lagopus The 
organism used m these mvestigations is the basidiomycete 
fungus, Coprinus lagopus (sensu Buller). Descriptions of 
its genetic system and method of culture are given by 
Lewis'? Methionine was the amimo-acid chosen for 
investigation because seven structural genes for methio- 
nine synthesis and a system of suppressor genes have been 
mapped and mvestigated The effects of different concen- 
trations of ethionine are given m Fig 1, where it can be 
seen that all the wild-type stocks tested are mhibited by 
ethionine but to different degrees The analogue norleu- 
cme, on the other hand, has no effect on growth even at 
saturation 

The inhibiting effect of ethonime was partially, but not 
completely, removed by methionine (Fig 2) A methionine- 
requiing mutant, me-1, reacts differently to the mixture, 
the methionme bemg much more effective on the me-1 
mutant m removing the mhibitory effect of the analogue 
This differential reaction to the mixture is under the 
control of a single gene, but the full significance of the 
differences 1s not known and will not be discussed in 
relation to the main subject of this report 

Mutation to Resistance to Ethaonine Mutations confer- 
ring resistance to ethionine were selected by sowmg 
uninucleate ordia on solid mmimal medium with the 
addition of 0 61x 10-3 M t-ethionme Four plates, with 
3 x 108 oidia each, were sown of H5 ordia. At this density 
of sowing there was an uncountable number of small 
irregular colonies with submerged hyphze Twenty of the 
largest of these colomes were isolated, but none were 
found to be resistant mutants During the course of other 
experiments, where total o1dial numbers were not known, 
two genuime resistant mutants have been obtained from 
untreated ordia Treatment with ultra-violet hght, which 
gave a kill of 84 per cent, produced three good resistant 
colonies from 2 plates sown with 5 4x 105 oidia per plate 
One of these mutants, H5 #2, has been used extensively 
in these experrments, 1ts growth on ethionine medium 1s 
given in Fig 3 

From the analysis of appropriate crosses the mutant H 2 
was found to differ from its wild-type progenitor ın a single 
gene which is recessive to the wild allele when tested in a 
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dikaryon This gene ıs hnked to two methionme synthe- 
sizing genes, me-2 and me-6. 

Mutants resistant to ethionme have also been selected 
from a stock PR2301 which requires methionme due to a 
mutation of the gene me-1 controllmg the synthetic step 
between cystathionine and homocysteme™. When ordia 
of this stock are sown on minimal medium, 1 m 10° grow 
as a result of recessive mutation of a suppressor gene” 
If the oidia of the same me-1 stock are sown on minimal 
media with 0 61 x 10-3 M t-ethionine,-3 m 107 ordia grow 
into colonies and have the double property of bemg both 
able to grow without methionine and are resistant to 
ethionme These mutants are recessive. The growth on 
ethonime of one of these mutants, Ms13, 1s given in Fig 3 
The significance of this double property of the mutant 1s 
the subject of another investigation, but this mutant 18 
included, here because, as will be described, 1t 18 of 
importance m the interpretation of the biochemical cause 
of the resistance to ethionine. 

Incorporation of Ethionine into Protein The resistance 
to ethionme m the mutants could be caused by a blockage 
in one or more steps in the entry into the cell or in its 
metabolism It could be prevented from entry by the 
lack of or change m a permease system. It could enter 
and then be ummediately metabolized to a harmless 
compound, or it may be accumulated in the cell and be 
prevented from bemg meorporated mto the protem by a 
change ın the specific activating enzyme or by a change m 
the specific transfer ribonucleic aad Furthermore, 1t may 
be prevented from supplying ethyl groups to precursors of 
important methylated compoun. 

To mvestigate the metabolic fate of ethionine, 0 14 x 
10-3 M 358 pr-ethionme, 13 7 mec./mM, obtamed from the 
Radiochemical Centre, Amersham, was added to hqud 
miminal medium This concentration of ethionine allowed 
enough growth in hquid medium of both sensitive and 
resistant strains for the analysis. Unshaken culture flasks 
moculated with H5, #2 and Me13 cultures were collected 
after 5 days’ growth The mycelium was macerated m 
sodium borate buffer pH 8 0 and the protem was precipi- 
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tated m 5 per cent trichloracetic acid The washed TCA- 
insoluble fraction contammg the protem was hydrolysed 
in hydrochloric acid The ammo-acids of both the TCA- 
soluble and msoluble fractions were separated by chroma- 
tography m a butanol-acetic acid~water mixture The 
summary of the results ıs given in Tables 1 and 2 

From Table I ıt is clear that ım all three cultures 
ethionine entered the cells and that radioactive sulphur 
amino-acids were present m the protem. The resistant 
mutants have less sulphur-35 compounds m both the free 
soluble pool and in the protem than the wild-type and 
mutant #2 has a lower amount than Ms13 From Table 
2 1t 1s apparent that ethionme ıs found in the TCA-soluble 
fraction of H5 and #2 but not m Msl3 The very large 
amount of the unidentified, nnhydrm positive spot X 18 
characteristic of the soluble fraction but is absent from 
the protem The results showed that m the protem of 
the mutant #2 ethionme 1s absent Statistically ıb 1s not 


Table i INCORPORATION oF S FROM S-ETHIONINE INTO THE TCA- 


SOLUBLE (POOL) FRACTION, PROTEIN FRACTION AND ACID HYDROLYSATE 
OF THE PROTEIN FRACTION 








n Counts/400 sec/mg 
Counts/400 see/g dry weight protein after 
mycelium hydrolysis 
Culture se 
TCA soluble Protem 
fraction fraction * Protein hydrolysate 
Wid H5 20,291 25,261 10,503 
Resistant £2 14,642 7,902 4,002 
Resistant M813 21,690 18,810 7,109 
1 





r rd difference between radioactivity in homogenate and TCA-soluble 
Traction 


Table 2 INCORPORATION OF 75S FROM "S-ETHIONINE INTO AMINO-ACLDS OF 
THE TOA-SOLUBLE AND PROTEIN FRACTIONS 


Radioactivity {as % of total counts m the three 
§-contamuing labelled spots) 


*Pool’ amino-acids Protein hydrolysate 


m nh thi ni A | i [eA | es | imc a A A HNC 


ry ferrites | OS | a | AA | ać] aea r a 


Wild #5 | 967 00 33 54 37 9 
Resistant 
, E2 93 6 00 64 65 45 0 
Rearstant 

M818 910 90 06 47 36 17 
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possible to exclude up to 3 per cent of the ethionine-level 
of the wild-type H5 or at about 0 3 per cent of the total 
activity of sulphur-35 In the wild H5 stock ethionme is 
9 per cent and m the mutant Ms13 1t 1s 17 per cent of the 
total activity of sulphur-35, The results with #2 ım which 
ethionine 1s not meorporated would suggest that the 
inhibitory effect of ethionime is due to imecorporation 
Clearly from the fact that the resistant mutant Ms13 
incorporates ethionme mto its protem we must conclude, 
however, that the primary mhubitory effect of ethionme 
18 not due to incorporation into protem 

Methwnine-actwating Enzyme ın Wild-type and Mutant 
E2 Cultures of wild-type Hö and resistant mutant H2 
were grown in 1:8 htres of iqud mmimal medium To 
the #2 culture flasks 0 01 x 10-3 M x-ethionme per htre 
was added to discourage growth of back mutations to 
wild-type Collection and extraction of the protem were 
carried out at 4°C The washed mycelium was homogen- 
ized in sucrose tres buffer, pH 76 The activities of the 
activating enzymes were determined by the pyrophos- 
phate, adenosinetriphosphate exchange method as followed 
by Peterson and Fowden4 

The whole crude homogenate of H5 possessed an 
endogenous activity that was slightly mcreased equally 
on addition of methionme or ethionme The mutant #2 
was similar except that the merease m activity with 
ethionine was about a quarter that obtamed with H5. The 
levels above the endogenous rates were so low that these 
results were of no value without further purification of the 
enzyme 

Fractionation at three different pH’s with acetic acid 
did not improve the activity. But ammonium sulphate 
fractionation resulted m a spectacular mcrease im the 
methionine activity m the 50-100 per cent saturation 
fraction The bulk of the protein was ın the 0-50 per cent 
saturation fraction but this had httle or no activity, 
towards methionine 
Table 3 TOTAL COUNTS IN 400 SEO ON 4 SPECIMENS OF EACH ASSAY THE 
AMOUNTS OF PROTEIN IN THEJH5 AND E? TESTS ARE NOT THE SAME, BUT A 


VALID COMPARISON CAN BE MADE AS A PERCENTAGE OF THE ACTIVITY WITH 
THE COMPLETE AMINO-ACIDS (LAST COLUAN) 


Counts above % above 
HB Actual counts control control 

Control 3,346 — emma 
Ethionine 4,760 1,414 79 
Ethionine + 

methionine 6,329 2,983 160 
Meth'onine 6,306 2,960 160 
Complete 

nae 21,897 18,551 100 
Control 4,836 — mae 
Ethionme 5,064 228 05 
Ethronine + 

methionme 11,993 7,157 168 
Methionme 12,500 7,664 180 
Complete 

amino-acids 47,221 42,385 100 


The results of counts of radioactive ATP from the 
50-100 per cent fraction, given m Table 3, show that in 
the wild H5 ethionine 1s activated at a level of 48 per cent 
of the methionme activity In the mutant #2, on the 
other hand, ethionme 1s not activated, or at most to about 
3 per cent of the methionine-level A chromatographic 
test of the purity of the L-ethionine used for the activation 
test showed trace umpurities of cysteme and methionine, 
which could account entirely for the shght activation 
observed with the mutant The result frora the mixture 
of ethionme and methionine shows that only one enzyme 
1s concerned with the activation of both methionine and 
1ts analogue. 

Resistance of Choline-less Mutants In view of the 
hypothesis of the mbuibitory mechanism of ethionime 
expounded ın the next section ıt became mmportant to test 
for the resistance to ethionine of certam choline-less 
mutants Two mutants chol 1 and chol 2 (ref 13) were 
tested on choline medium with 50 mg/l. of L-ethionme. 
Growth was at about 75 per cent of that occurrimg on 
medium contaming choline alone, showmg that they were 
resistant to ethionme 
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Discussion and Conclusions The ethionme-resistant 
mutant H2 differs from wild-type im that the mutant does 
not mecorporate ethionine into protein and the methionine- 
activating enzyme does not actrvate ethionine The gene 
for ethionine resistance 18 therefore the structural gene for 
the methionine-activating enzyme, and 1s designated meth 
Af The mutational change must have changed the active 
sites in a way that has altered the specificity so that the 
mutant sites can effectively fit methionime but not 
ethionine Presumably a single ammo-acid substitution 
un the active site has occurred The difference discovered 
by Peterson and Fowden! between the proline-activating 
enzyme of different species of plants could have a simular 
mutational origm of long standing 

The resistant mutant, Msl3, meorporated ethionime 
into the protein at a level that was nearly twice as high as 
ethionme imcorporation into the sensitive wild-stock The 
inhibitory effect of ethionme 1s therefore not caused by 
mcorporation It 1s also not caused by ethionine being 
an end-product repressor of methionine synthesizing 
enzymes since methionine is synthesized and meorporated 
m the wild-type m the presence of ethionme 

The hypothesis proposed ıs that ethionine 1s inhibitory 
in the sensitive H5 because 1t transethylates the precursors 
of metabohcally umportant methylated compounds such 
as choline 

In support of this is that cholineless mutants which are 
unable to synthesize choline are resistant to ethionine 
If this hypothesis ıs accepted then the mutant gene meth 
AE of #2 must not only be a block to the mcorporation 
of ethionine mto the protem but also a block to trans- 
ethylation From this ıt follows that the methionine- 
activating enzyme mediates not only the first step m 
amino-acid, incorporation but also the first step in trans- 
methylation In the Ms13 mutant the block ıs not at the 
first step of the activating enzyme but at a later step in 
the transmethylation system This mutant can transfer 
methyl, but not ethyl, groups There would, therefore, 
be an accumulation of an ethylated compound, and this 
in turn would reheve the demand for ethionme and merease 
its availability for mcorporation mto protein Hence the 
double amount of ethionine m the protem of M313 

Cantoni* has shown that S-adenosylmethionine 1s the 
active form of methionine for transmethylation, and that 
this 18 formed by a reaction requiring ATP and releasing 
PP: and Pi catalysed by an activating enzyme Parks! 
has shown that S-adenosylethionine 1s synthesized in the 
presence of ethionine and that transethylation occurs with 
an wn vitro system There are two possibilities to explam 
the results of the work recorded here (1) The methionine- 
activating enzyme for the synthesis of methionimne-AMP- 
enzyme complex leading to imeorporation, and the 
activating enzyme for the synthesis of S-adenosyl- 
methionine leadmg to transmethylation, are one and the 
same enzyme, (2) two or more enzymes are imvolved 
and the S-adenosylmethionme is synthesized sequentially 
from the methionine-AMP-complex 

The first possibility mvokes one enzyme carrying out 
two parallel reactions, the second postulates a complicated 
dephosphorylation and rearrangement of the adenosme 
fiom the terminal carboxyl group to the sulphur atom 
Experiments to distinguish between these possibilities are 
planned 

The significance, if any, of the close lnkage of the meth 
AE gene with the complex of two structural genes 
concerned ın methionine synthesis 1s not apparent Close 
linkage of genes with sequential functions suggests a 
common repressor system by the end product (Jacob and 
Monod!) It is unhkely that the meth AH enzyme is 
repressed by methionme, for this would stop protem 
synthesis Possibly the control of transmethylation may 
be a factor to consider ıf repression is established 

At the beginning of the experiments ıt was hoped that 
genes controllmg the synthesis of specific transfer RNA 
would also be found in the methionine system, but if the 
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Fig 4 Alternative hypotheses to explain the action of the meth AE and 
the M813 genes 


hypothesis of transmethylation is correct there ıs no 
selective technique available for obtainmg viable mutants 
of the transfer RNA with the methionine system 

I thank Mr Peterson for help with the protem fraction- 
ation and with the ATP-pyrophosphate method, Mr D 
Walls for his assistance, and Mr H Tristram for con- 
structive criticisms of the manuscript 
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LETTERS TO THE EDITOR 


RADIOPHYSICS 


Galactic Background Polarization 
at 610 Me/s 


Arter tho first successful attempt to measure the 
polarization of the galactic radio radiation at 408 Mc/s 
(refs 1 and 2), the observations were continued with 1m- 
proved receivers, resulting ın a nearly complote survey of 
tho polarization at 408 Mc/s of the part of the sky visible 
with the Dwingeloo radio telescope*:+ The 1ecervers used 
were all based on the coriolation principle, correlating the 
signals of two crossed dipoles The results obtamed were 
confirmed, by observations made at Cambridge using the 
differenco between the signals on two crossed dipoles*:¢ 
and by results obtained at Sydney, by rotating a feed 
consisting of two parallel dipoles’ 

Although the measurements at 408 Mc/s showed some 
interesting details, the presence of interstellar Faraday 
1otation made interpretation of these details in terms of 
magnetic field structure impossible Measurements at 
other frequencies would be needed to obtain this mter- 
stellar Faraday rotation, thereby at the same time gaining 
additional information about the magnetic field The 
only results which yielded a positive determination of tho 
intensity and polaiization angle at a frequency different 
from 408 Mc/s are measurements made with the 210-ft 
Parkes telescope, of a rather limited part of the sky’ 
These measurements showed that a large variation over 
small distances in the sky existed m the apparent spectral 
index. This might be due to an effect of depolarization, 
by which different regions would be observed at different 
frequencies Some measurements were also made at 
178 Mc/s at Cambridge These observations showed the 
probable existence of polarized radiation at this frequency, 
but no intensity or polarization angle could be obtained! 

To obtain some measurements at a frequency different 
from 408 Mc/s m the northern sky, one of us (C A M) 
designed a receiver with a centre frequency of 610 Me/s 
During June 1963 this recerver was used in connexion 
with the 25-m radio telescope of the Netherlands Founda- 
tion for Radio Astronomy at Dwingeloo By using a 
larger bandwidth (3 6 Mc/s) than at 408 Mejs (1 8 Mc/s), 
and by using two-channel detection, which utilizes all 
available information, a signal-to-noise ratio equal to that 
at 408 Mc/s was obtained, even. though the intensity of 
the polarized radiation was roughly a factor three lower 
As, moreover, the spurious effects turned out to be also 
less by about a factor three, the reduction process as used 
to obtam the 408 Mc/s results could be maimtained?-4 
As a test of the reality of the observed radiation, the 
observed polarization angles were plotted against the 
Faraday rotation expected for each measurement on the 
basis of a parabohe F,-layer, for those points in the sky 
which were observed frequently for calibration purposes 
The 1onospherie data used ın this comparison were kindly 
put at our disposal by Drs H J A Vesseur of the Dutch 


Ogal 





Fig 1 Comparison of the observed polarization angle (0ga) and the 
Faraday rotation evpected on the basis of a parabolic Fy-layer (8s) 


these comparison plots is shown in Fig 1 Although the 
ionospheric Faraday rotation at 610 Mc/s 1s rather small 
(ref 9), a correlation between the two parameters is 
obviously present ‘This shows that the observed signals 
are indeed due to a source beyond the EHarth’s atmosphere, 
and not merely caused by unknown instrumental effects? 

The results of the measurements are shown in Fig 2 
The average internal mean error was 011° K for one 
measurement, but we suspect the presence of systematic 
errors in certain parts of the sky, which will not be 
eliminated by repeated measurements, of up to 0 3° K 
The observations were mainly restricted to those regions 
where a high polarization brightness temperature had been 
found at 408 Mc/s Some data about tho points which 
were measured ten times or more are summarized m 
Table 1 The intensities and position angles for the same 
points at 408 Mc/s are included for comparison Com- 
bining the two sets of measurements, an apparent spectral 
index and an apparent Faraday rotation at 408 Mc/s can 
be deduced If we assume that the apparent Faraday 
rotation calculated in this manner represents the real 
interstellar Faraday rotation, the product NH, LD can 
be calculated This product is shown in the last column 
of Table 1 

The most pronounced feature on the map in Fig 2 
seems to be a region in which the Faraday rotation 18 
almost zoro, and which extends from JH = 120°, bH = — 50° 
up to JI=140°, bil=+410° To the immediate left of 
this region the Faraday rotation 1s largely anticlockwise, 
while to the immediate right ıb 1s clockwise This would 





Meteorological Institute, KNMI, at De Bilt One of suggest that in this region the hne of sight may be at 
Table 1 
610 Me/s 408 Mc/s 
Apparent | Apparent 
pit im š 3 T Ogal beq m Th Oga | Oea n 8 NH, L 
+ 80° |} 1410° 57 0° + 640° | 16°K 4° 43° 211 | 66°K | 174° 33° | 429 31 — 7x10" 
Gauss em-* 
parsec 
+274 123 0 ~~ +900 | 02 15 — 78 | 09 18 —- 244 88 +2 
+ 693 120 0 195 0 + 580 03 9 4 1% j 1T 2 177 17 44 ~ 5 
+ 634 80 217 0 + 140 13 106 50 171 | 50 2 126 285 34 +53 
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right angles to the direction of the magnetic field, while 
to the right of the region a component away from the 
observer and to the left a component towards the observer 
exist. 

It may be noted that ın the large region of high polariza- 
tion between 120° and 155° longitude and 0° and + 12° 
latitude the directions of polarization are much more 
parallel at 610 Mc/s than at 408 Mc/s As the Faraday 
rotation at 610 Me/s ıs roughly equal to the differential 
rotation between 610 Mc/s and 408 Mc/s ıb must be 
expected that the original radiation over this entire field 
is practically parallel, and perpendicular to the galactic 
equator 

Another remarkable fact 1s the spectral mdex, which 
for the majority of the observed pomts is about three, 
showing that, although the Faraday rotation 1s appre- 
ciable in some places, the observed intensities are not 
markedly influenced by ıt This mdicates that probably 
the Faraday rotation does not exceed 180 degrees at 
408 Me/s, suggesting that either the magnetic field involved 
is fairly small, or that the radiation omgimates ın the 
neighbourhood of the Sun 
- The region near the galactic north pole has a rather 
complicated structure, which may be due to the presence 
of the north polar spur It seems at the present moment 
to be impossible to disentangle the complicated structure 
of the galactic magnetic field by means of polarization 
observations at only twofrequencies Moremeasurements, 
and more accurate measurements, at other frequencies 
will be needed before any attempt can be made to prepare 
a map of the galactic magnetic field 

We thank the staff of the Radio Observatory at 
Dwingeloo, who built and maintained the recover and its 
digital equipment The reduction of the measurements 
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was carried out on the electronic computer X1 of the 
Computing Centre of the University of Leyden The 
work was financially supported by the Netherlands 
Organization for the Advancement of Pure Research 
(ZWO) 
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Radio and international Geophysical Research 


In Dr R L Smuith-Rose’s excellent review of the 
achievements of radio studies in geophysical research 
there appears a passage which might be misunderstood 
by those interested in practieal ionospheric communica- 
tions He says that research has shown ıt ‘to be desirable 
to use aerial systems which project the radiation at a 
greater angle of elevation than has hitherto been con- 
sidered the most appropriate” 

In fact, as a result of research, efforts 
are bemg made by communicators to 
radiate at lower angles than have been 
used in the past, so as to benefit from the 
secant law of ionospheric propagation 
Dr Smith-Rose’s remark no doubt alluded 
to the hypothetical assumption of zero 
angle radiation which is adopted ın drawing 
conventional frequency predictions for 
long routes 

P A C Morris 


Cable and Wireless, Ltd, 
Mercury House, 
Theobald s Road, 
London, W Cl 


t Nature, 199, 11 (1963) 


+40 I THANK Mr Morus for pomting out that 


the passage i. question may be somewhat 
ambiguous to those concerned with practi- 
cal communications But the phrase 
quoted must not be 16ead out of context 
with the rest of the paragraph I was, ın 
fact, recording the conclusions reached im 
0 a study of electron density/height profiles 
and thew apphcation to high-frequency 
communication! I agree that some 
practical communication systems were 
designed to use higher angles of transmis- 
sion and reception, and this means that 
improved results would probably be ob- 
tamed by 1educing the angle of elevation, 
having due regard to the frequency m 
use and the range of communication in 
question 
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R L Smrru-Rose 


1 Vickers, M D, Some Ionospheme Results obtarmnmed 
dunmo the I G Y (Elsevier Pub Co, Amsterdam, 
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Use of an Electron Beam for detecting 
Superconducting Domains of Lead in its 
Intermediate State 


SUPERCONDUCTING domains have been detected in 
lead by means of an electron beam technique previously 
used to detect magnetic domains! A spectroscopically 
pure cylinder of lead, 1 1 cm long and 0 28 cem ın diameter, 
was mounted with its axis vertical in a modified horizontal 
electron diffraction camera A 20-kV electron beam was 
focused about 15 cm from the cylinder and was deflected 
at 50 c/s ın a vertical direction by means of suitable coils, 
so as to produce an electron shadow of the lead cylinder 
Fig 1c shows a photograph of a shadow taken with the 
lead in 1ts normal state In this case the smooth edge 1s 
merely a geometiical projection of part of the curved 
surface of the cylinder The cylinder, which could be heated 
electrically by a non-inductively wound heater, was 
attached to the outside of a metal vessel contaming liquid 
hehum A uniform magnetic field could be applied to the 
lead by means of a pair of small Helmholtz couls These 
were mounted symmetrically on either side of the lead 
with therr common axis horizontal and perpendicular to 
the mean direction of the undeflected electron beam 


Temp Field 
(° K} (œ) 
eee 


1 mm at specimen 


Fig 1 Electron “shadows of the surface of a lead cylinder, showing 
lead im the following states (a) superconducting, (b) mtermediate, 
(ec) normal, (d) mtermediate 


The electron shadow shown im Fig Ila was taken 
after the applhed field had been increased from zero to 
37 cersteds When the field was further imcreased to 40 
cersteds the shadow edge ceased to be smooth (Fig 1b) It 
became smooth again for fields in excess of about 50 
cersteds (Fig lc) 

These observations are consistent with the followmg 
explanation At and below 37 cersteds the lead was super- 
conducting At 40 cersteds the lead transformed to the ım- 
termediate state? m which alternate lamelle of supercon- 
ducting and normal lead were perpendicular to the axis of, 
and approximately periodically distributed along, the 
cylinder Since the applied field was expelled from the 
superconducting parts, a concentration of magnetic flux 
occurred mm the normal regions The resulting periodic 
distortion of the previously uniform field led to the 
‘corrugated’ electron shadow shown m Fig 16 Above 
about 50 carsteds the intermediate state transformed to the 
normal state Taking 50 cersteds as the critical field this 
would indicate that the results so far described were 
obtained with the lead at about 6 95° K (ref 2) 

Fig ld was obtained by cooling the lead in a field of 
37 cersteds from a temperature at which the cylinder was 
in 1ts normal state to 6 8° K Tho irregularities ın the elec- 
tron shadow may again be explained by assuming that the 
applied field was distorted because the lead was in rts 
intermediate state The distance between adjacent minima 
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on the shadow in Fig 1d corresponds to distances varyimg 
from 0 08 to 0 29 mm at the specimen It follows that these 
distances give the order of the periodicity of the super- 
conducting domains in lead under the conditions of the 
experrment The variation of this periodicity as a function 
of apphed field and temperature has not yet been studied 
in detail A full account of the work and details of the 
apparatus will be published m due course 

We thank Dr B R Coles and Dr J G Park for useful 
discussions One of us (A T P ) 1s also indebted to E MI. 
Ltd for a maintenance grant 
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Gamma-ray Spectrometric Determination 
of Cæsium-137 in Sea-water by using 
Ammonium Molybdophosphate as 
Scavenger 


A NUMBER of methods have been proposed for determ- 
mng very low concentrations of cxesium-137 in sea-water 
by y-ray spectrometry The sodium potassium cobalti- 
nitrite method’? and the nickel ferrocyanide method? 
were proposed by several workers for identifying traces of 
cesium-137 Special considerations should be made on the 
purity and tho size of the cæsium sample to be counted and 
the simplicity of the procedure to be suited for shipboard 
operations 

The ammonium molybdophosphate method was used 
by Yamagata and Yamagata’ origmally for the radio- 
chemical determination of czesium-137 ın _ biological 
matorials, the precipitate of ammonium molybdophos- 
phate being made ın sutu m a sample solution Meanwhile, 
the work of Smit} revealed the 10n-exchange properties of 
ammonium molybdophosphate, and the use of solid 
ammonium molybdophosphate by adding to sample solu- 
tion as a specific scavenger was made by Yamagata, et al ® 
in the neutron activation analysis of common cesium and 
by Miyake eż al ın the determmation of cæsium-137 ın 
sea-water? 

The best conditions for scavengmg concerning tompera- 
ture, acidity, the quantity of carrier cæsium and the 
quantity of ammonmum molybdophosphate were checked 
by Yamagata et alë The experiments on a small scale 
showed about 01 per cent quantity of the ammonium 
molybdophosphate (wt /vol } was enough to recover more 
than 95 per cent of cesium labelled with czesium-137 in 
sea-water ın acid conditions However, the large-scale 
operations on 100-200 1 of sea-water by this method 
resulted :n only 70-80 per cent of recoveries with the 
addition of 5 mg quantity of carrier cæsium per litre? The 
reduction in recoveries might have been caused by losses 
in the large-scale operations, and the addition of carrier 
cesium as well becauso of the hmuted ion-exchange 
capacity of the ammonium molybdophosphate 

To overcome the difficultzes involved m the addition of 
appreciable amount of carner cesium for checking the 
recovery in full-scale operation, the radioactive cesium-132 
was examined for its use as a spike ‘This radioisotope 
was produced by a (y, n) reaction on the purified cesium 
chloride using a linear accelerator at the Japan Atomic 
Energy Research Institute It had specific activities of 
about 1 mec /g cæsium when used as a spike and several 
hundred puc were appled to 100 htres of sea-water sample 
This means the addrtion of only less than 1 ug of the stable 
cæsium to 50 ug of naturally occurring ceesrum m the soa- 
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water, as compared with 500 mg of carrier cesium added 
by other workers® 

The radiochemical purity of the spike cesium-132 was 
checked. by following up the decay over the period of ten 
half-lives and also by measuring y-ray spectra Half- 
hfe was measured as 6 8 days and no characteristic photo- 
peaks other than those attributed to cesium-132 were 
observed 

Surface waters were collected in tho Sagam: Bay, off 
Enoshima, at 35° 16’ N , 139° 28’ E on May 14 and trans- 
ported to the laboratory To 100-1 aliquot of the samplo 
were added several hundred uue of standard spike solu- 
tion of cesrum-132 and the mixture agitated mechani- 
cally for half an hour after the addition of 1 1. of con- 
centrated hydrochloric acid and 90 g of the solid ammon- 
ium. molybdophosphate After setthng overnight the 
supernatant liquid was siphoned off and the scavenger 
collected in a plastic assay cylinder, 3 m in diameter 
After the scavenger had been allowed to settle 1t was placed. 
on top of a sodium iodide crystal (3 ın x3 ın ) and tho 
y-ray spectrum taken for 100 mm by using a 256-channel 
pulse height analyser 

Recovery of spike cesium-132 was determined on the 
characteristic photo-peak of 0 67 MeV by comparing with 
the spectrum from adding known amounts of spike solution, 
to the scavenger Tho contribution of cxsium-137 
activity (066 MeV) in the sample was estimated as 
approximately 3 por cent and this was subtracted from 
tho results after the measurement of cesium-137 Duph- 
cate independent scavengings showed 91 and 97 per cent 
of recovery 

Two months were i1equired for allowmg the spike 
activity to decay, and then the y-spectrum was taken for 
1,000 min to determine the activity of cesium-137 in the 
spectral region almost identical to that for the determina- 
tion of cesium-132 Comparison made with the spectrum 
from adding known amounts of standard cxes1um-137 to 
the scavenger resulted in 20+5 pue per 100 htro sea- 
water ‘The spike activity ın the sample was calculated as 
being less than 1 upc, which was neghgibly small com- 
pared with the errors involved in the activity measurement 

One of the advantages of this spike method of determ- 
ination would be the use of identical spectral region 
around, 0 66-0 67 MeV for both recovery and activity 
moasurements, making feasible the use of only a singlo- 
channel pulse height analyser Adsorption of potassium 
to the ammonium molybdophosphate was too small to 
affect the y-ray background, and the difficulty mvolved m 
the sodium potassrum cobaltinitrite method? would be 
overcome Contamimation of the ammonium molybdo- 
phosphate with radionuchdes othe: than cxsium-137 
which may be present ın sea-water was checked by tracer 
experrmants Table 1 summarizes the results Only 
zirconium-—mobium-95 would mterfere with the determ- 


Table 1 CONTAMINATION OF THE AMMONIUM MOLYBDOPHOSPHATE WITH 
OTHER RADIONUCLIDES IN ACID MEDIA (01 G AMMONIUM MOLYBDO- 
PHOSPHATE IN 100 ML SEA-WATER) 


Contammation Specific activity 


Tracer (% of applied of the tracer 


Gamma-ray energy 
(Mey¥) 


radioactivity) (c /g) 
“ro, (IT) 16 516 0 33 
sMn (II) < 014 10 0 84 
$52 (IT) < 010 12 112 
me ae s CF 
) 

957 pF N by 118 CF 0 wes 0 77 
108A y-loeRh < O17 CF 0 52 
144Ce (IIT) 0 38 CF 013 


Table 2 CONCENTRATION OF CAHSIUM-137 IN THE COASTAL WATERS OF 
PAN 


Date collected Position Cesium-137 
(une f!) 

May 14, 1963 Sagami Bay 02 + 005 
35° 16’ N , 189° 28’ E 

July 30, 1963 Sasebo Harbour 06+ 01 
33° 08’ N , 129° 43’ B 

August 1, 1963 Kure Harbour 06+ 01 
34° 06’ N , 182° 37’ E. 

August 3, 1963 Tsuruga Bay 07+ 01 

35° 44’ N , 136° 08° E 
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mation by use of a smgle-channel analyser if appreciable 
amounts of these nuclides are present m sea-water / 

Finally, considering the high efficiencies with which the 
cesium-137 ın sea-water can be carried by the proposed 
method, and the errors involved ın activity moasurements, 
neither addition of carrier caesium or spike, nor correction 
of the results for recovory would be necossary 

The simplicity of the method makos ıt convenient for 
processing samples of largo volume If other fission 
activities or corrosion products, such as cobalt-60, are to 
be measured on the same sample, the manganese dioxide 
method proposed by Yamagata et al ° may be successfully 
apphed preceding the ammonium molybdophosphate 
scavenging Table 2 summarizes the results of determina- 
tion. of cesium-137 by using the proposed method 

This work was supported by the International Atomic 
Energy Agency under contract No 140/R1/RB 


NOBORU YAMAGATA 


VoL 200 


Instituto of Public Health, 
Tokyo 

ìi Folsom, T R , et al, Nature, 187, 480 (1960) 
* Schroeder, B W , and Cherry, R D , Nature, 194, 669 (1962) 
*Mohanrao, G J, and Folsom, T R , Analyst, 88, 105 (1963) 
‘Yamagata, N , and Yamagata, T , Bull Chem Soe Japan, $1, 1063 (1958) 
*Smit, J van R , Nature, 181, 1530 (1958) 
Yamagata, N, e al, J Atome Energy Soc Japan, 4, 534 (1962). 
1 Miyake, X , et al, J Rad Res Japan, 2, 25 (1961) 
8 Folsom, T R, and Saruhashi, K, J Rad Res Japan (in the press) 
? Yamagata, N , and Iwashima, K , Nature, 200, 52 (1963) 


Stimulated Optical Emission of a Terbium 
lon Chelate in a Vinylic Resin Matrix 


RECENTLY, the observation of optical maser action of a 
europium chelate (europium érze[4,4,4-trifluoro-1-(2-thi- 
enyl)-1,3 butanedione]) ın polymethylmethacrylate (Eu 
TTA in PMMA) was reported? 

This communication describes the probable stimulated 
emission. of the terbium-substituted counterpart of the 
material system described here, thatis, Tb TTA ın PMMA 
This compound was prepared by the method described by 
Crosby et al? The Tb*+ won was excited by optically 
pumping into the absorption band of the chelating mole- 
cules (TTA), which 1s approximately in the wave-length. 
interval 3200 A-3700 A (maxumum excitation at 3350 A) 
The absorption coofficient of this chelate’s excitation band 
1s comparable with that observed for Eu TTA excitation 
band} approximately 10° mole-+ cm? At 77° K, 
energy 1s efficiently transferred from the metastable triplet- 
state energy-levels of the TTA molecule to the resonance 
energy-level 1D, of the Tbt ion? I have observed that the 
fluorescence of Tb TTA in PMMA ıs quenched, at 300° K 

Strong fluorescence of the Tb*t ion occurs at approxim- 
ately 5450 A due to a transition from the °D, to the 7F; 
energy-level The terminal "F, energy-level of this tran- 
sition 1s known, to be about 2100 cm— above the ground 
state The fluorescence spectrum of Tb TTA ın PMMA 1s 
strongly correlated in wave-length with that of anhydrous 
terbium. chloride, which has 1ts strongest hne ~ 5450 A 
The normal fluorescence lifetume and total lne-width for 
the 5450 A hne of Tb TTA m PMMA was measured to be 

~ 07m amp and 60 A, respectively, at 77° K 

In the experiments we carried out several short, straight, 
polymethyl-methacrylate fibres doped with a Tbh TTA 
concentration of approximately 0 08 per cent of the weight 
of the PMMA. The fibre for which results are presented 
by Figs 1-3 was approximately 0 75 mm in diameter by 
60 mm in length, both ends of the fibre were polished and 
one end was silvered Other small fibre samples (terbium 
in TTA) showed similar behaviour 

The experimental apparatus was assembled as follows 
the fibre was immersed in liquid nitrogen imside of an 
optically transparent, cylmdrical ‘Pyrex’ Dewar A 
tubular absorption filter composed, of ‘Corning 7-54’ glass 
was interposed between the fibre and the inside wall of 
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the Dewar The ‘Corning 7-54’ filter permitted the desired 
pumping radiation to reach the fibre and, at the same time, 
reduced the pump radiation component at 5450 Å In 
addition, by rojecting the infra-red radiation of the flash- 
lamp, the filter reduced cooling problems and minimized 
thermal decomposition of the terbium TTA A helical, 
xenon flash lamp, which surrounded tho Dewar, provided 
tho pumping radiation The radiation from tho fibro was 
detected with a 6,199 photomultipler A monopass inter- 
ference filter (maximum transmission at 5450 A) was inter- 
posod betwoen the photomultiplor cathode and the out- 
put end of the fibre An opaquoly coated light pipo to 
guide the radiation from the end of the fibre to the photo- 
multipher, plus tho action of the filtors, reduccd the 
amount of pump radiation (loakago) ine:ident on the photo- 
detector Tho lhght pipe also served the function of 
allowing tho entire fibre to bo immorsed ın hquid nitrogen 
To eliminate the possibility of spurious response in our 
apparatus, I substituted undoped fibres of the same 
dimensions in place of the doped fibres I observed 
only a moderato flash-lamp leakage in the output 

The radiation output versus time curves observed for the 
fibre described here are shown for three different pump- 
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Fig 1 Normal fluorescence decay at 50-Joules input Sweep 200 us/em 
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Fig 2 Upper, pump light at 225-joules input, lower, evidence of near 
threshold stimulated emussion at 225 joule put Sweep 200 us/em 
Vertical amplifier gain 18 half that used in Fig 1 
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Fig 3 Evidence of stimulated emission at 400-joules inpu& Sweep 

200 ws/em Vertical amplifier gain equal to half that used for Fig 1 

The pump light outputs for Figs 1 and 3 (not shown) were similar in 
shape to the flash-lamp output of Fig 2 


ing-levels m Figs 1-3 Note that sufficient pumping 
leads to distortions of the normal fluorescence decay 
curve We interpret this to be evidence for st'mulated 
emission Comparison of these photographs with those 
of europium TTA in PMMA fibres tested ın our apparatus 
indicate very similar behaviour To corroborate that 
the distortion of the fluorescence decay curve represents 
stimulated emission, I am at present measurmg the 
coherence properties on the output 1adiation 

I am indebted to the late Dr B Herzog, of this labora- 
tory, for imvaluable discussions’ and advice, and for 
encouragement and support Furthermore, I thank 
Wilham DeLaCruz and 8 L McCall for performing the 
experiments and in designing some of the experimental 
apparatus 

E H HUFFMAN 
Philco Corporation, 
A Subsidiary of Ford Motor Co , 
Wostern Developmont Laboratories, 
Palo Alto, California 
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Axial Migration of Particles in Poiseuille 
Flow 


We have extended recent observations of the radial 
movements of single rigid’? and deformable? spheres 
suspended, in Newtoman liquids flowing through straight 
circular tubes to include other particle shapes and 
visco-elastic fluids 

The experrments ın Newtonian liquids were conducted 
as before** using single rigid spheres, rods and disks of 
the same density as the hquids but flowing at particle 
Reynolds numbers (Rep) between 3x10-* and 7x 10-3 
instead, of less than 10-° The tubular pmch effect 
previously observed with rigid spheres? at these Rep 
was also exhibited by the rods and disks Particles 
placed mitially near the tube-wall migrated mwards, 
while particles near the tube axis moved outwards until 
an equilibrium radial position (r) close to one-half the 
tube radius (R) was reached (Fig 1) For a given particle 
shape, the rate of radial migration mcreased with increas- 
ing flow rate, particle size and radial displacement from 
the equilibrium position Furthermore, rods and disks 
assumed limuitmg rotational orbits which were mde- 
pendent of the conditions of imttial release The long 
axis of the rods and the faces of the disks became oriented. 
ın planes passing through the axis of the tube, correspond- 
ing to spherical elliptical orbit constants C= œ and 0 
respectively’, these are the orbits m which the particles 
make the maximum contribution to suspension viscosity® 
in Couette How At low Rep (< 10-5) the radial positions 
and orbit constants of smgle rigid rods and disks remained. 
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Fig 1 Radial migration inwards (curve 1) and outwards (curves 2 and 
3) to the equilibrium position r/R = 1/2 approximately, exhibited by 
spheres, rods and disks at high Rep (> 10-°) when suspended in poly- 
glycol ous flowing through a tube R = 02cm Thecurvesare (1) poly- 
styrene disk of radius 0 034 em having an mutial orbit constant C = 50, 
the numbers ın parentheses indicating the decrease in Q with radial 
distance and tıme, (2) polystyrene sphere of radius 0 050 om, (3) nylon 
rod of length O 11 cm The steady inward migration to the tube centre 
of a glycerol drop in a polyglycol o1] mixture, viscosity ratio suspended 
phase/suspending phase = 10, 1s shown by curve 4 
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Fg 2 Inward radial migration of ‘Plexigiass’ spheres in viscoelastic 

fuds flowing through a tube R = 03 em at low Rep (< 10) Curve 1 

shows the velocity profile, blunted near the tube centre, of a 6 per 

cent by weight solution of polyisobutylene m ‘Decalin’ The inward 

migration to the central region of no shear of spheres of radu 0 016 

gad 0 021 cm suspended ın the same solution 1s shown by curves 2 and 3 
respectively 


fixed at ther muitial values* The drift m C and r at 
higher Rey, presumably are related effects due to mertia® 

In striking contrast to mgid particles, liquid drops 
and elastomer filaments, which were deformed by the shear 
field in the tube, migrated mwards to r=0 just as they 
did at low Re,(refs 3,4) This behaviour wasshown by liquid 
drops having a viscosity as high as 10 times that of the 
suspending medium (Fig 1) When the ratio reached 50, 
and the drop deformation appeared negligible, the 
behaviour was as for rigid spheres, that 1s, no migration 
at low Rey and migration to 7/R=1/2 at high Re, Thus 
the migration due to deformation’:* can dommate that 
due to mertia, and vice versa 

Inward migration of rigid particles occurred in the 
viscoelastac fluids at low Re, (<10-*) Solutions of 3-6 3 
weight per cent polyisobutylene (‘Vistanex 0-100’, Enjay 
Chemical Co ) ın decahydronaphthalene (‘Decal’), which 
have been well characterized rheologically’, were used as 
the medium As expected from the decrease m apparent 
viscosity with mereasing rate of shear, the velocity 
profile u(r) across the tube, instead of bemg parabolic as 
with the Newtonian liquids, was: blunted m the central 
regions (fig 2) Rugid spheres, rods and disks placed 
near the wall rotated and migrated mwards to radial 
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positions at which the velocity profile was nearly flat 
(Fig 2) The rate of mgration mereased with r and 
particle size Durmg migration, rods and disks drifted 
mto rotational orbits corresponding to C=0 and oo 
respectively, these orbits correspond to menwmum energy 
dissipation in Couette flow and are m agreement with 
Saffman’s theoretical prediction and observations for 
rigid spheroids m a non-Newtonian fluid of the type 
used® Particles ın the flat portion of the profile, where 
the velocity gradient was zero, neither rotated nor moved 
radially The particle migration observed m these 
expermments may arise from the combmed action of 
normal stresses m the fluid and the variation ın velocity 
gradient across the particle 

These experrments reveal three distmet mechanisms for 
radial migration durmg the flow of suspensions through 
tubes of which only one, that due to deformation at low 
Rey, has been explained with any degree of completeness* 
It ıs possible that there are additional mechanisms, 
especially at concentrations at which appreciable particle 
mteraction can occur These phenomena are of mterest 
m connexion with the development of particle-free 
peripheral zones in the flow of various suspensions such 
as pulp fibre suspensions and blood through tubes 

This investigation was supported (in part) by US 
Public Health Service research grant H-5911 from the 
National Heart Institute of the United States Public 
Health Service 
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Secondary Electron Emission of Evaporated ` 


. Titanium Films 

I~ our recent communication! we attributed the 
different secondary emission characteristics of oxidized 
tatanium sheet and oxidized titanium films to the irregular 
surface on the sheet material influencing the incidence 
of the primary electron beam However, we incorrectly 
stated that raising the incident angle of a primary electron 
beam should lower the value of the primary electron energy 
at which the secondary electron emission coefficient of a 
target reaches a maximum value -In fact the reverse is 
true, that 1s, raising the incident angle should increase the 
value of Vmax (rof 2) Our exper:mental results are not 
affected by this error, but the relation ‘between the V max 
for the oxidized titanium sheet and titanium films cannot 
be attributed to incidence 

We thank Dr N Ray Whetten of the Physical Elec- 
tronics Research Laboratories; Général Electric Co, 
Umited States, for brmging this to our attention 
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Cleavage Fracture of Polycrystalline 
Aggregates 


Bors Cottrell! and Petch? consider that the fracture 
process 1s divided into two parts (1) the formation of a 
crack nucleus by dislocation coalescence, (2) the growth 
of this crack until 1t reaches a critical size when cleavage 
fracture spreads catastrophically Usmg the well-estab- 
lished relationship between the lower yield stress and grain. 
sıze? they show that fracture should just be able to occur 
at the yield pomt when 


Oykyd!? = Buy (1) 
where cy 1s the lower yield stress, ky is a gram size para- 
meter related to the stress required to unpin a dislocation, 
B 1s a mechanical restiamt factor, u 1s the shear modulus 
and y is the effective surface energy of the fractured faces 
The effective surface energy, y, required to produce cleav- 
age fracture m a correctly orientated gram. includes a plastic 
work term and will be larger than the true surface energy 
However, ıb will be smaller than the specific energy Gye 
(called the plane stram fracture toughness by Irwm‘) 
required to propagate the fracture through a large number 
of randomly orientated grains Thus the size of the mucro- 
cracks predicted by the Cottrell model? (usmg the effective 
surface energy y) 1s an order of magnitude smaller than 
those observed by Hahn eż al® Miucrocracks can only 
grow larger than one gram under the yield stress given by 
equation (1) 1f there are adjacent grains the orientations of 
which are favourable Therefore only a small proportion 
of the microcracks formed will be able to grow large enough 
to enable the energy release to be sufficient for fracture 
propagation through a randomly omentated structure 

If, in a plam tension specimen, the probability that any 
one gram 1s favourably orientated with respect to the 
applied stress 1s p and the critical crack-length for mitia- 
tion. of a fracture through randomly orientated grains 18 
nd, then the probability for the growth of such a crack at 
the yield stress ıs p” Thus the Cottrell model! will give 
the criterion for cleavage fracture at the yield stress ım 
plam specimens provided that the number of grains ın the 
specimens is greater than p” 

In a notched specimen, the stress 1s non-uniform and 
only a hmıted number of grains will be subjected to the 
yield stress given by equation (1) Near the root of the 
notch the stresses will be of the order 


5 z EK (2) 
WO 

where K 1s the stress intensity® and_r the radial distance 

from the root of the notch Only withm a radius of 

K? 3) 

g 2 nOy? ( 

Kky\? d 

or rT = (= — (4) 
Buy 7 2r 

The number of grams 


r 


wul the stress be greater than sy 


in this region 18 
4 
N= = atv) (5) 
me \Buy 
If the mean of the probability of favourable gram oren- 
tated over the highly stressed region 1s p and the critical 


crack length 1s agam nd, cleavage fracture at the lower 
yield stress will occur only if 


N= =), > pn (6) 


There has not been a great deal of experimental work 
on the effect of grain size m notched specimens The 
results that there are do indicate that cleavage fracture 1s 
dependent on gram size However, there is some doubt’ 
that the effect ıs entirely due to pram size per se and not 
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to changes m the mternal structure brought about by the 
treatment that results ın a finer structure Thus it 1s not 
certain that the mequahty (6) ıs necessarily satisfied and m 
certain cases the fracture strength need not be dependent 
on gram size ‘This may mean that the fracture strength 
of electro slag welds with their very large gram structure 
may not be as low as previously thought 
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METALLURGY 


Effects of High Pressure on the Strength 
and Structure of Martensites 


FoLLOWING the direct observation of fine-scale twmning 
(~ 100 A spacing) in the martensitic structures formed by 
the rapid quenching of certam steels and other alloys}, 
relationships between the incidence of twimning and the 
high mechamieal strength of martensites have been postu- 
lated, expheitly m a qualitative strengthening model? and 
implicitly in a quantitative solution-hardening model? In 
view of the suggested importance of the twinning contri- 
bution to strength, an attempt has been made to test 1ts 
validity by experiments on martensitic transformations in 
the 1ron—carbon and iron—chromium systems at high 
pressure and in the iron—nickel system at atmospheric 
pressure The experimental apparatus and techniques 
used have been described elsewhere 

In the Kelly-Nuttmg model*, the rapid mcrease m 
martensite strength (beyond that attributed to solution 
hardenimg) and ineidence of twinning with increasing 
carbon content are considered to arise from the effect of 
carbon in depressing M, from above to below a critical 
temperature range for twinning (approximately 300°- 
220° C) which ıs essentially composition independent It 
has been demonstrated previously for the iron~—carbon 
system that the temperature at which martensite forma- 
tion begins on cooling (Me) 1s depressed substantially at 
high pressure* Accordingly, 1f the twmning model were 
correct, the strength of martensite formed in all com- 
positions which have their M, depressed at a given pressure 
to below the critical temperature range should attain or 
approach that of fully twmned martensite formed at 
atmospheric pressure Microhardness measurements on a 
series of rron—carbon martensites formed at atmospheric 
pressure and at 42 kilobars are compared ın Fig 1 At the 
high pressure, the lowest composition for which Ms 1s 
below the critical range 1s reduced from 075 down to 
04 wt percent carbon However, the expected increase 
in hardness to high values characteristic of fully twmned 
martensites ın this system (925 VPN) ıs not observed for 
the two alloys in this composition region Instead, the 
hardness of the 0 4 wt per cent carbon alloy increases to 
only 780 VPN and the higher carbon alloy to a similar 
value, that 1s, the hardness increase 1s smaller for the 
latter alloy Furthermore, the 008 wt per cent carbon 
alloy, even though ıt transforms above the critical range 
at 42 kilobars, exhibits an increase in hardness as large 
as that for the 04 wt per cent alloy The specimens of 
high-purity iron and the 0 75 and 1 2 wt per cent carbon 
alloys show only minor changes, this result suggests that 
any plastic deformation amsing from quasi-hydrostatic 
conditions m the high-pressure cell does not contribute 
strongly to the hardness increases in the mtermediate 
alloys 
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Fig 1 Effects of pressure on hardness of martensifes formed im iron- 
carbon alloys 


The lack of hardness change for martensites contaiming 
more than 075 per cent carbon 18 consistent with the 
twinning model ın that such martensites are normally 
fully twinned, so that further depression of M, would not 
be expected to change the incidence of twinning How- 
ever, the hardness changes for the intermediate alloys are 
not in keeping with the model Instead, ıt appears likely 
that the changes observed are attributable to a reduction in 
the loss of carbon from solution by self-tempering, that 
18, to an increase ın solid-solution hardenmg Self-temper- 
ing 18 not normally important in high carbon martensites, 
so that high pressure would not be expected to affect them, 
as is Observed Confirmation of this interpretation by 
transmission. - electron microscopy has not yet been 
possible because of difficulties encountered m preparing 
suitable thin-foils from the small specimens used in the 
high-pressure investigations 

In addition to the concept of a eritical temperature 
range, the qualitative twinning model attributes a large 
twinning contribution to the strength of body-centred 
cubic martensites, in which the solution-hardening 
characteristic of tetragonal martensites containmg carbon 
is absent In the i:ron—mickel system, body-centred cubic 
martensites contamuing finely spaced twins can be formed 
only in alloys contaming more than some 20 atomic 
per cent mickel Alloys lower in mickel form the 
so-called ‘massive’ structures’, which do not exhibit 
internal twimning It ıs to be noted that over this 
composition range the M, is indeed above the suggested 
critical range for twinning In the 1ron—chromium 
system, the high-temperature face-centred cubic phase 
(y) 18 restricted to a loop-shaped phase field with a 
maximum chromium content of 135 atomic per cent 
chromium, and all alloys quenched from within this field 
exhibit ‘massive’ structures At high pressure, the extent 
of the y-phase field ıs extended so that, ın prinerple, ıt 
should be possible to quench alloys sufficiently high ım 
chromium to have an M, below the critical range Such 
quenched alloys would be expected to show twinned 
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martensitic structures Thus, an examination of the uon- 
chromium system at high pressure should permit an 
additional test of the validity of the concept of a critical 
range for twinning Furthermore, observation of the 
changes in hardness with solute content for quenched 
iron—chromium. and iron—nickel alloys provides a test of 
the twinning contribution to strength, since a discontin- 
uous increase in strength should be observed on reaching 
compositions at which twinned, martensites are formed 

In Fig 2, the mcrease in the extent of the y-field in the 
1ron—chromium system at 42 kilobars is shown, as measured 
from metallographic exammation of equilibrated and 
quenched specumens and continuous electrical resistance 
measurements At this pressure, the maximum chromium 
content of the loop 1s increased to ~ 21 atomie per cent 
chromium These measurements confirm and extend the 
previous measurements shown of the depression of the 
y-field in low-chromium alloys’ The composition depen- 
dence of the hardness of alloys quenched from within the 
loop region at 42 knlobars does not exhibit a discontinuity, 
although there is a possible indication of the beginning of 
one for the 20 atomic per cent chromium alloy However, 
the measured M, values indicate that even for the’ higher 
chromium alloys the transformation temperature is 
depressed only into and not below the eriticaliange The 
structures are ‘massive’ except for the 20 atomic pei cent 
chromium alloy, which has an acicular structure As for 
the iron-chromium alloys, replica electron microscopy 
proved inadequate to confirm the nature of the structure, 
and transmission microscopy has not yet been possible 
It is clear that in the rron—chromium system a higher 
pressure ıs needed to depress adequately the transforma- 
tion temperature, ether directly or by the use of alloys 
still higher in chromium 

In Fig 3, the composition dependence of hardness for a 
series of 1ron-nickel alloys quenched mto hquid mitrogen 
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{~196° C) to ensure completion of transformation 18 
shown, together with reported data for high-nickel 
twinned. martensites’:® The transition between, massive 
and twinned martensitic structures with mereasıng nickel 
is well established®, and the lack of any discontimuity in 
hardness 1s clear evidence of the lack of any singular 
contribution to strengthening from the presence of fine 
internal twinning It ıs interesting to note that the 
maximum hardness attamed by twinned sron-mickel~ 
carbon martensites® ıs only 630 VPN, compared with 
260 VPN for twinned 1ron—nickel martensite and 925 VPN 
for 1ron—carbon martensites Thus, the presence of nickel 
strongly reduces the hardness of carbon martensites, even 
in the presence of internal twinning 

In the Winchell—Cohen model of the strengthening of 
carbon martensite by solution hardening’, the fine spacmg 
of internal twins is considered to define the effective length 
of active dislocation lne—an important parameter in the 
model In iron—carbon alloys and plain carbon steels, the 
proportion of internally twinned martensite plates 1s small 
up to some 0 34 weight per cent carbon, and complete 
twinning occurs only above 08 weight per cent carbon 
As the greater part of the hardness increase with increasing 
carbon occurs by 0 34 weight per cent carbon, the applic- 
ability of such a model to carbon martensites in general 1s 
doubtful Furthermore, since the present results show 
that structural twinnimg per se 1s not important to strength 
in, ron—nickel martensites, the vahdity of using the twin 
spacing to define an effective length of dislocation in 
uon-nickel-carbon martensites 1s m question 

It 1s concluded that the presence of fine structural 
twins does not make an important contribution, either 
directly or indirectly, to strength ın tetragonal or body- 
centred cubic martensites ın iron-alloys Structural 
twinnimg is an important part of the mechanism of mar- 
tensite formation! and mechanical twinning 1s umportant in 
lhmuting the maximum strength which can be attamed?® 
However, the principal strengthening mechanisms oper- 
ative during the initially rapid increase in strength with 
mereasing carbon content must depend primarily on a 
solid-solution hardening mechanism, possibly one sumilar 
to that suggested by Winchell and Cohen, but in which 
the effective dislocation length 1s defined by a structural 
feature other than twinnmg 
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CHEMISTRY 


Role of Free Radicals in the Photo-oxidation 
of Fe**® in Acidic Solutions of Ferrocyanide 


NEUTRAL solutions of K,Fe(CN), have been known. to 
become alkaline when irradiated by ultra-violet hght}- 
It has been suggested that photolysis of Fe(CN),~* first 
takes place to give Fe(CN),~* and (CN)-1, and the latter 
then hydrolyses, producing free alkah 


Fe(CN i J) + (CN)-? (1) 


(CN)-1 + H,O—(HO)-4- HCN (2) 
Fe(CN); + H,O->[Fe(CN), H,0}3 (3) 


When the light source 1s cut off, all the three reactions are 
reversed and the original pH 1s restored, unless irradiation 
has been far too prolonged? 

We have found quite a different etfect of ultra-violet 
hght on Fe(CN)? under acidic conditions Percolation 
of dilute solutions (about 2 g/l) of K,Fe(CN), through 
beds of the strong acid 1on-exchanger, ‘7R-—120’, gave 
solutions which had a pH of about 15 When freshly 
prepared, they had a straw colour which slowly changed 
to light blue in diffuse sunlight Irradiation with ultra- 
violet light from a Philips mercury discharge lamp very 
soon gave an intense blue colour The blue substance has 
been identified as ferri-ferrocyanide which came down as a 
precipitate on standing 

The composition of the acidic solutions before irradia- 
tion is determined mainly by the following three equilibria 


H,Fe(CN), 2 4H+ + Fe(ON),- (4) 
Fe(CN) = Fet? + 6(CN)-1 (5) 
CN-1 + Ht! 2 HCN (6) 


Calculations made from known values of the instability 
constant? of Fe(CN),~4 and the dissociation constant of 
HCN (ref 4) showed that, at a pH of about 1 5, very little 
Fe(CN),-4, as such, would be present, and the predominant 
species would be Fet? and HCN The freshly prepared 
acidic solution, however, titrated as a strong acid Its 
pH titration curve (Fig 1) indicated four strong H+ 1ons 
per Fet? ion During the titration, a gradual shift of 
equilbria (5) and (6) occurs and the solution titrates as 
H,Fe(CN),, whichis a stiong acid and gives back K,Fe(CN), 
on complete neutralization 

On irradiation photo-oxidation of the Fet? ions takes 
place and this gives the ferri-ferrocyanide Jortne: and 
Stem have shown that Fet? 1ons in acidic solutions of 
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Fig 1 1, No irradiation, 2, 2-h irradiation, 3, 4-h irradiation, 


4, 6-h irradiation 


FeSO, are oxidized to Fet? under the influence of ultra- 
violethght We found, however, that the rate of oxidation 
of Fet? ions in an acidic solution of FeSO, was only about 
5 0 per cent of the rate at which ferri-ferrocyanide was 
formed ın an equimolar solution of K,Fe(CN), of the same 
pH Evidently, the mechanism of oxidation 1s not quite 
the same in the two cases We believe that, on irradiation, 
photolysis of HCN present in the acidic solutions of ferro- 
cyanide first takes place to give H and CN radicals 


hu 
HCN > H+CN (7) 


The CN radical then oxidizes Fet? to Fet’, either directly, 
or through a water molecule 


CN + Fet?-+Fet? + ON- (8) 
CN+H,0—>HCN + 0H (9) 
OH + Fet*-+Fet? + OH- (10) 


The acidic solutions contained dissolved oxygen, ın the 
presence of which the H atom (equation 7) oxidizes three 
Yet? ions 


HO, + H,O + 3Fet* > 3Fet? + 30H- (12) 


Jortner and Stein also used equations (11) and (12) to 
explain photo-oxidation of Fet? However, while ther 
only source of H was [Fet*(H,O),], we have an additional 
and, apparently, a more efficient source, namely, HCN 

The Fet? ions produced by reactions 8, 10 and 12 react 
with Fe(CN),-4 to produce Prussian blue The overall 
reaction 18 


8H ,Fe(CN),; + O.—-4[ HF e(Fe(CN),] + 24HCN + 2H,0 (13) 


The titratable amount of the strong acid present m the 
solution decreases as irradiation proceeds and, ultamately, 
one-eighth of the strong acid remains (Fig 1) This 1s 
what one would expect from equation (13), 1f1t 1s assumed 
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that ferri-ferrocyanic acid ıs also a strong acid The 
presence of HCN, as a weak acid component, 1s clearly 
indicated by the titration curve obtaimed after complete 
radiation However, the amount of HCN 1s smaller than 
what would be expected from equation (13) <A large 
amount of HCN escapes during iriadiation, the solution 
smelhng strongly ofthe gas Some CN may also be lost by 
secondary reactions, for example, formation of (CN), 
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Concentration Effects in Measurements of 
Characteristics of Deoxyribonucleic Acid by 
Transport Methods 


A CLOSE qualitative similarity between the mode of 
variation of the reduced viscosity (nsp/C) and that of the 
reciprocal of sedimentation coefficient (1/65) with concen- 
tration of deoxyribonucleic acid (DNA), pomted out 
recently?, ıs also apparent from the following two 
expressions 

7sp/C at a finite low concentration C (gm/ml)} may be 
related to its zero concentration value [n] (the intrinsic 
viscosity ın ml/g) as*5. 


nsp/C = [m] + k[y]C) (1) 


where & is a dimensionless factor having a magnitude 
characteristic of the system? and is a function of all 
significant interactions (solute-solute and solute—solvent 
interactions) at this concentration‘ 

1/S at the concentration C may be related to its zero 
concentration value 1/S, as 5-7 

1/9 = (1/S0)(1 + a[n]C) (2) 

where « ıs a dimensionless factor=Ks/[y], obtamed 
empirically (see ref 5) Itis reasonable to suppose that « 
is also like k, a function of all mteractions ın the system 
which are significant at this concentration 

Both « and k decrease generally with uncrease of added 
sodium chloride in DNA solution?! and in many cases 
with increase of rotor speed’ and shear rate®, respectively 
The numerical values of « and k obtained for large varieties 
of DNA samples in solvents containing sodium chloride of 
the order of 10-1 M are also comparable «=08+01 
(refs 5,10) and k=05+0 2 (ref 5), 0 77 (y-ray irradiated 
DNA solutions#4}" Some of these values of k are again 
close to the theoretical? value of 0 73 for rod-like mole- 
cules There are, however, instances where DNA solu- 
tions in these solvents show lower or even zero values for 
a and k 

To explain the observed results, a consideration of the 
factors (solute—solute and solute-solvent interactions mm 
the system) contributing to the values of « and k may be 
made ‘Three types of interactions between pairs of single 
macromolecules may be the contributory factors‘, 
(a) Long-range hydrodynamic interaction has always a 
positive contribution, (6) mtermolecular attraction and 
repulsion may have positive or negative contribution, 
(c) formation of double molecules (the existence of which 
even though may be fleeting may provide equilibrium 
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concentration of aggregates) m good and poor solvents, 
respectively, have negative and positive contributions 

It is evident that, depending on the nature of solute and 
solvent, a combination of these three factors may result m 
either positive, zero or negative values of a and k Addi- 
tional negative contribution may arise when « and k are 
dependent on rotor speed and shear rate, respectively 
When. charge interactions, aggregation and shear rate or 
rotor speed effects are absent, the values of « and k will be 
positive and will be determmed by long-range hydro- 
dynamic interactions in the system Thus, for effectively 
uncharged maciomolecules both 1/S and ysp/C should be 
concentration dependent It may be interesting to note!? 
that for uncharged solid spherical molecules, kas2 was 
predicted theoretically!" and was obtamed experimen- 
tally for polystyrene latex Also one may obtam aw2 
for polystyrene latex from the solvent density corrected 
sedimentation datat, and also for spherical molecules 
from the theorotical relation! between Ks and [y] (using 
channel constant=1 8). Thus, ıt appears that for spher- 
ical uncharged macromolecules the values of a and k 
may be the same If there occur interactions between the 
charged polymers and thei counter-ions, resulting in 
polymer—polymer interactions of the types (b) and (c) 
desciibed here, the applied forces arising out of shear rate 
or rotor speed may interfere with such interactions <A 
relevant discussion pei tinent to the magnitude of kin DNA 
solutions has been made in ref 8 Thus, when a DNA 
solution 1s such that its equilibrium composition readily 
alters with handlings involved ın different experiments, 
the magnitude of the factor dependent on interactions will 
also alter 

The effect of interactions at concentration C expresses 
itself in equation (1) as an mcrease m the effective volume of 
the particle’ . There will be corresponding increase in the 
viscosity of the medium, so that one may write (nsp/C)/ 
[n]=ner/no=l+k[yJC, where ner 1s the effective vis- 
cosity of the medium arising out of all interactions at con- 
centration O and yp 18 the viscosity of the medium (sol- 
vent) m absence of all interactions Defining a frictional 
coefficient f¢ at concentration C which varies with Nef, one 
can describe both the equations (1) and (2) as variation of 
frictional coefficient with concentration Thus, in general, 
one can express the concentration dependence of fric- 
tional coefficient for all transport processes!? involving 
migration of macromolecules through viscous medium 
under the influence of infinitesimally small apphed forces 
as 


fe=fo(l+ Aln]C) (3) 


where f? 1s the frictional coefficient at zero concentration 
and 18 the factor the magnitude of which will be charac- 
teristic of all the interactions in the system at finite low 
concentration C of the macromolecule The concentra- 
tion dependence of 1/D and 1/u (D = diffusion coefficient, 
u=electrophoretic mobility) may be expressed on the 
basis of this equation (3), assigning a distinctive symbol in 
place of à for each type of oxperiment 

Thus, a general approach towards correlation of concon- 
tration effects observed in measurements of characteristics 
of DNA (which should also be appheable for other macro- 
molecules or macro ions) by various transport experi- 
ments has been outlned here A similar attempt! 
proposes, in effect, that (instead of yeg proposed here) 
the macroscopic viscosity of the solution 1s the function 
of all interparticle interactions On the basis of consider- 
ations presented in this communication one may judge 
the reasons for obseived agreement and disagreement of 
such theory with practice, and also evaluate other explana- 
tions of concentration dependence of sedimentation 
coefficient'® Considerations on the observed sumularity 
between concentration dependence of S and of DNA charge 
mentioned earlier? and other details pertinent to this 
communication will be presented olsewhere 
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Quantitative Analysis of Ketosteroids by 
Means of Paper Chromatography 


IN a previous paper! we described a method for the 
detection of small amounts of ketosteroids on chromato- 
grams by means of DNPH The subsequent removal of 
the background colour enables the use of this method for 
quantitative analysis, as previously suggested A satis- 
factory solvent system, by which the hydrazones were 
eluted from strips and then determmed by spectro- 
photometry, was found The procedure described here 
requires little time, and 1s suitable for routine estimations 
We have used this method ın metabolic investigations n 
vitro as well as for measurement of the progesterone 
concentration in sheep’s ovarian venous blood In both 
cases very satisfactory results were obtained 

The procedure adopted for quantitative purposes was 
essentially like that previously described, except that the 
time of reaction with DNPH was shortened to 5 min, 
and the strips were neutralized m ammonia vapour 
instead of sodium carbonate solution Equally good 
results were obtamed when washed m permanganate 
solution for 5 min without previous neutralization of the 
strips Whatman paper No 20 previously washed with 
methanol proved to be the most satisfactory one of all 
those tested The coloured hydrazone spots and respec- 
tive blanks were cut out, then cut mto small pieces and 
extracted four times at room temperature for 10 min 
each time, with a mixture of methanol—methyl acetate 
1 4, the first portion of the eluent being 06 ml, the 
three subsequent ones 035 ml each It was necessary 
to use freshly dried strips, since storage caused an incom- 
plete elution 

The volume of the combined extracts was then adjusted 
to 15 ml immediately before measurement and the 
samples were read against appropriate blanks at 380 myu 
The exact maximum absorption wave-length depended 
on the keto-group position of the particular steroid, for 
example, the peaks of pregnenolone, progesterone and 
testosterone lay at 365, 375 and 380 mu respectively 

The optical density was found to be 0 090-0 100 per 
ug progesterone, pregnenolone and testosterone have 
given respectively lower values” $ 

Glass cells of 1-cm hght path and the Russian quartz 
spectrophotometer model S#-4 were used The calibra- 
tion curves of pure steroids alone or with various lipid 
material added were usually linear ın the range of 0 5- 
10 pg of diketones, or 1-20 ug monoketones, sometimes, 
however, they showed httle curvature The mmimum 
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amount which can be determined 1s about 05 ug of 
progesterone The standard error expressed ın extinction 
units was as high as 0015 This value was found to be 
constant in the foregomg ranges of steroid quantities. 
This method was controlled radiometrically, using 
progesterone-4-4C (The Radiochemical Centre, Amersham, 
England) and a current-flow gas counter, the loss of 
radioactivity durmg the procedure described did not 
exceed 5 per cent of the initial quantity added 
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Stability of N-Glycurony!l Amino-acids 


In assessing the stability of the various possible linkages 
joining carbohydrates to amino-acid residues and in order 
to avoid base-catalysed acyl migration, we have syn- 
thesized N-(1,2 3,4-di-O-1sopropylidene-p-galacturonyl)- 
glyeme and its 8-pt-phenylalanine analogue and examined 
their behaviour on hydrolysis The syntheses were effected 
by using as condensing agents either dicyclohexylcarbod.- 
imide1, or tetraethylpyrophosphite? 

1,2 3 4-D1-O-isopropylidene-p-galactose’ was oxidized! 
with potassium permanganate and the crystalline potas- 
sum 1,2 3,4-di-O-isopropylidene-p -galacturonate ob- 
tained converted into the free acid by ethereal extraction 
of an acidified aqueous solution The acid (21 g) was 
added to a stirred solution of freshly prepared benzyl- 
glycinate (13 g) ın diethyl phosphite (50 ml) Tetra- 
ethylpyrophosphite (22 ¢) was added and, after heating the 
stirred mixture at 100° for 10 mun, it was poured into 
water The precipitate was washed with saturated 
aqueous sodium hydrogen carbonate and recrystallized 
from ethanol to yield benzyl N-(1,2 3,4-di-O-1sopropy- 
hdene-p-galacturonyl)-glycemate (20 g), mp 101°-102°, 
[a]p —89 5° (c, 10 m chloroform) (found C, 601, R, 
66, N,33 C.,H.,NO,, requires C, 599, H,64, N,33 
per cent) 

Alternatively, glycine benzyl ester (1 39 g) was suspen,- 
ded in dry ether (100 ml ) and a mixture of dicyclohexyl- 
carbodiumide (81 g) and 1,2 3,4-di-O-1s0-propylidene-p- 
galacturome acid (8 g) added After stirring at room 
temperature for 12 h, glacial acetic acid (8 drops) was 
added and the dicyclohexylurea removed by filtration 
The residue (4 99 g) after evaporation of the filtrate was 
crystallized from ether to yield benzyl N-(1,2 3,4-di-0- 
1sopropylidene-p-galacturonyl)-glycinate (121 g) mp 
101°-102°, [a]p —87 5° (c, 0 9 ın chloroform), which was 
identical with the product described here Debenzyla- 
tion could be effected with sodium and liquid ammonia 
to yield N-(1 2 3,4-di-O-isopropylidene-p-galacturony])- 
glycme, mp 212° (from ethyl acetate), [x]p— 97 1° (c, 08 
in chloroform) (found C, 510, H, 65, N, 425 
C,,H,,NO,, requires C, 50 8; H, 63, N, 4 2 per cent) 

In a similar way, 8-p1t-phenylalanine benzyl ester (2 8 g) 
in methylene chloride (100 ml) was condensed with 
1,2 3,4-di-O-isopropyldene-p-galacturonic acid (3 1 g) im 
the presence of dicyclohexylcarbodumide (3 5 g) to yield 
benzyl N-(1,2 3,4-di-O-1sopropylidene - D - galacturony])- 
B-pL-phenylalanate (08 g), mp 115°-116° [from ethyl 
acetate-light petroleum (bp 60°-80°)], [«]p —92 8° (c 
0 88 in chloroform) (found C, 657, H, 62, N, 30 
C.,H3;,NO,; requires C, 657, H., 65, N, 27 per cent) 
Debenzylation afforded N-(1,2 3,4-di-O-18s0propylidene- 
D-galacturonyl)-B-pi-phenylalanine with mp 211°-215° 
(from ethyl acetate-light petroleum (bp 60-80°)), and 
[a]p — 180 5° (c, 1 0m chloroform) (found C, 595, H, 66, 
N, 34 C,,H.,NO,, requires C, 59 8, H, 6 45, N, 33 
per cent) 
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The stability of the amide linkage ın the two analogues 
was assessed by determination’ of the hydrolytically 
released amimo-acid with nmhydrm Aliquots (2 ml } 
contaming N-(1,2 3,4-di-O-1sopropylidene-p-galacturony])- 
glycme (144 ug) ın N hydrochloric acid were hydro- 
lysed to extents of 24 5, 42 9, 53 6 and 59 8 per cent after 
1, 3, 4and 6 h at 100° The compound was more unstable 
im alkah and, after similar treatment with N sodium 
hydroxide at 100°, the percentage hydrolysis was 521 
(0 5h), 69 6 (2 5h) and 83 7 per cent (35h) By contrast, 
N-(1,2 3,4-d1-0 -isopropylidene -D - galacturonyl) - 8 -p1- 
phenylalanine was more unstable in acid than im alkali 
Thus, aliquots (2 ml) contaming amimo-acid derivative 
(1 mg) in 30 per cent aqueous aleohohe 05 N hydro- 
chioric acid were hydrolysed to the following extents 10 
(1 h), 13 (2 h), 18 (3 h) and 35 per cent (6 h) at 92° com- 
pared with 4 (1 h), 11 5 (2 h), 24 per cent (4 h) in 30 per 
cent aqueous alcoholic 05 N sodium hydroxide at the 
same temperature 

We thank Prof M Stacey for his interest, and one 
of us (S M A) acknowledges the Council for Scien- 
tific and Industrial Research, Pakistan, for a maintenance 
grant 
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Influence of Hydrostatic Pressure on 
Orientation in Electrophilic Aromatic 
Substitutions 


M G Gonixsere et al 1-3 have recently found that at 
high pressures the attack of phenyl radicals on tertiary 
butyl benzene yields an appreciably higher proportion of 
the sterically strained 2-phenyl isomer than it does at 
atmospheric pressure 

We have observed a simula: effect in the electrophilic 
nitration of 1,3-xylene by mitronium ions, NOt The 
nitrations were carried out under the same conditions and 
by the same methods that we had previously used in 
reaction rate measurements The mitial composition of 
the reaction mixtures, expressed ın mole fractions, was 
nitric acid, 0618, acetic acid, 0369, 1,3-xylene, 0013 
We analysed the products by gas chromatography at 
several stages durimg the course of each reaction and 
found that the isomer ratios were independent of the 
extent of reaction Table 1 lists the results 


Table 1 MOLE FRACTIONS OF ISOMERS FORMED IN THE NITRATION OF 
1,8-XYLENE BY NITRIO ACID IN ACETIC ACID SOLUTION aT 0°C 
Nitro gomer 
Pressure (atm } 2- 4- 5- 

0 107 0 886 0018 

800 0150 0 833 0 017 

1,260 0 164 0 816 0 020 
2,000 0 171 0 829 


It will be seen that between 1 and 2,000 atmospheres 
the proportion of substitution at the sterically hindered 
2-position increased by 60 per cent The change ıs larger 
than that observed by Gonikberg?~’ presumably because in 
1,3-xylene there are two adjacent groups tending to 
obstruct attack on the 2-position Our result supports 
Gonikberg’s general thesis that an mecrease in pressure 
tends to favour the formation of sterically compressed 
somes 
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However, some other expormments have shown that the 
steric factor 18 not the only important one ın nitrations 
Under the same experimental conditions that applied in 
the nitration of 1,3-xyleno, we found that toluene and 
chlorobenzene yielded decreasing proportions of the 
2-nitro isomers as the pressure was increased The results 
are given in Table 2 


Table 2 MOLE FRACTIONS OF ISOMERS FORMED IN THE NITRATION OF 
TOLUENE AND CHLOROBENZENE BY oe ACID IN ACETIC ACID SOLUTION 
AT 0° 


Toluene Chlorobenzene | 
Pressure |-——_——  —  _—_—l_leioi io _ i | __ 


(atm ) "i Nıtro omer Nitro omer 
aa” = = 4 
1 0 560 0 020 0 420 0 247 ‘— 0 753 
1,200 0 550 0 022 0 428 
2,000 0 543 0 024 0 433 0 204 — 0 796 


Although the shift of isomor ratio in these cases was 
relatively small, there was a consistent trend with increas- 
ing pressure and its direction was the same whether the 
groups already present on the benzene rmg had electron 
donating (activating) or electron accepting (de-activating) 
properties 

Experrments at atmospheric prossure’ havo established 
that a change of solvent alters the ratios of isomers formed 
in the nitration of alkyl benzenes by nitronium salts The 
effect almost certainly arises from changes of dielectiic 
constant and solvation Presumably simular factors 
operate when the dielectric properties of the nitrating 
solution aro altered by an applied pressure, and they aro 
supplementary to the simple steric effect Morcover, it 18 
possible that compression may alter the distribution of 
electrical charge around the benzene rmgs We hope to 
distinguish these factors more clearly in future work 
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Amino-acid Sequences within the Ferrichrome 
Cyclic Hexapeptides 

AN earlior communication! concerned with tho struc- 
tures of ferrichrome and ferrichrome A left opon the 
particular arrangement of the 3 iesidues of neutral 
amino-acids and 3 rosidues of §-N-hydroxyornithince? 
withm the cyclic hexapeptade moiety of the naturally 
occurring ferric trihydroxamates The peptide portion of 
ferrichrome contains 3 residues oach of glycine and $-N- 
hydroxyornithme while, in ferrichromo A, 2 of the 3 
glycine rosidues are replaced by serme residues In the 
present report we propose that the sequence for ferri- 
chrome ıs cyclo-triglycyl-tri-8-N-hydroxyornithyl while 
that for ferrichrome A is most probably cyclo-diseryl- 
glycyl-tri-8-N-hydroxyornithyl 

Ferrichrome was hydrogenated with Raney nickel in 
order to climinate both the iron and the three oxygen 
atoms of the hydroxamate functions’ ` The product was 
precipitated from methanol-acetone to yield colourless 
prisms with mp 262°-265° (uncorr, decomp) A syn- 
thetic specimen was obtained by the successivo addition of 
three residues of «-N-carbo-benzoxy-5-acetylornithine-p- 
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nitrophenyl ester to triglycine ethyl ester, followed by 
de-blocking and cyclization of the linear hexapeptide 
This choice of sequence was predicted on the observation 
that diglycine appears during partial acid hydrolysis of 
ferrichrome and on the recent" discovery by Czech 
workers‘ that triserine occurs in the related compound 
albomycin The natural and synthetic products displayed 
the same mp (decomp) and the same Rp m acidic, 
neutral and basic solvents Exposure of the two prepara- 
tions to 12 N hydrochloric acid at 30° for 1 5 days provided 
an identical array of nmhydrim-positive spots after 
oC by paper electrophoresis in 4 per cent formic 
acı 

Ferrichrome A was degradod by a bacterium which had 
been 1solated from soil through enrichment culture on the 
ferrichrome compounds as sole source of carbon and 
nitrogen The complex pattern of peptides present in. the 
culture medium was separated by Moore-Stein® chroma- 
tography and selected members were subjected to sequence 
analysis by use of standard reagents such as fluorodinitro- 
benzene and hydrazine These investigations revealed the 
presence of the tripeptide seryl-glycyl-3-N-acylhydroxy- 
ornithine A dipeptide, believed to be serylsermne, was 
produced through partial acid hydrolysis of iron-free 
ferrichrome A 

In summary, it appears that the cyclic hoxapeptide 
core of the ferrichrome growth factors shares a common 
component with the albomycin antrbiotics, namely, a 
tripeptide of $-N-hydroxyornithine 

This work was supported by the US Puble Health 
Service (grant No #-4156) and the Office of Naval Research 
(grant No 222-39) The Moore-Stem chromatography 
was performed through the courtesy of Dr R David Cole 


S J ROGERS 
R A J WARREN 
J B NEILANDS 


Department of Biochemistry, 
Univorsity of California, 
Berkeley 
? Emery, T , and Newlands, J B,J Amer Chem Soc , 88, 1626 (1961) 
? Rogers, S , and Newlands, J B , Biochemistry, 2, 6 (1963) 


* Gipson, È M , Petit, F H ,Skmner, © G,and Shive, W, J Oig Chen , 
28, 1425 (1963) 


< Mikeš, O , and Turková, J (personal communication) 


& Sn; D H, Sten, W H, and Moore, S , Anal Chem , 30, 1190 


Hydrolysis of Some Antibiotics and of their 
Decomposition Products in the Presence of 
Cation Exchange Resins 


Tue conditions under which some antibiotics are 
hydrolysed may be important for the isolation and identi- 
fication of the products of their decomposition since 
these are used in investigations of the structure of the 
antibiotics During hydrolysis with mineral acids some 
moieties, such as carbohydrates, may be destroyed, and 
much humin may be produced which makes ıt difficult to 
isolate the more stable products of decomposition in pure 
form 

A new method of hydrolysis of some antibiotics with the 
aid of sulphoceationie resins of the “Dowex-50’ type 1s 
described here By varying the conditions of the experi- 
ments (temperature, time, type of 1esin) differont pro- 
ducts of hydrolysis may be obtamed without their com- 
plete degradation and without the production of humins 
At the same time basic substances can be separated from 
neutral and acid products The basic substances aie 
adsorbed on the catiomic resin while the neutral and acid 
products are retained in the mother hquor 

By gradient elution with various eluants different basic 
products adsorbed on the ion-exchange resins can be 
separated The following sulphonic resins were used for 
hydrolysis ‘“Dowex-50 x 12’ (50-100 and 100-200 mesh) 
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Table 1 DEGRADATION WITH THE AID OF JON-EXCHANGE RESINS OF 
VARIOUS ANTIBIOTICS AND OF THE PRODUCTS OF THEIR DECOMPOSITION 
Time 
hydro- Products of hydrolysis observed 
Antibiotic Resm lysis 
, 105°) Mother 
Eluate liquor 
Monomyan KU-2 1 Monamine, monomy- 
cin, second compo- 
nent 
‘a n 2 the same 
i 33 4 monamine, second 
component 
Pe ‘i 48 glucosamine, diamino- 
hexose, streptamune, 
traces of monamme 
a ‘Dowex 43 the same 
50 x 12’ 
(100-200 
mesh) 
i ‘KB4P'2 43 monomycin, monam- 
Car- 43 me, diammohexose 
boaylhic) 
“Second com-| ‘KU-2’ 15 positive reaction with 
ponent” after hydrophthalate 
methano- 
lysis of 
monomyan 
P n’ 14 diaminohexose ribose 
Neomyem ‘KU-2' 45 neamine, neoblosamine 
i os 48 neamine, damino- 
hexose 
i *KB4P2’ 43 neomycin, neamine, 
diammohexose 
Kanamyein ‘KU-2 3 kanamycin, products 
of its partial hydro- 
lysis 
a j3 24 two ammoglucoses, : 
streptamine 
Amphomyein | ‘KU-2’ 3 mature of peptides, 
products of partial 
hydrolysis 
a 24 amino-acids, products 
of total hydrolysis 
Actinoidin ‘Dowex 20 glucose, 
50 x 12’ mannose, 
(50-100 acid 
mesh) phenolic 
compo- 
1 nent 


and ‘KU-2’ in hydrogen form The following antibiotics 
were hydrolysed mneomyem, kanamycim, amphomyei, 
as well as monomyein! and actinoidin? isolated ın our 
laboratory The products of hydrolysis were identified 
on circular or descending chromatograms in appropriate 
systems of solvents? For each 100 mg of the substance 
to be hydrolysed I-g of the resin and 50-100 volumes of 
005 N hydrochloric acid were used Solutions of the 
substances under study were sealed in ampoules together 
with the resin and kept at 105° C with shaking for various 
periods oftime After hydrolysis the resin was separated 
from the mother lquor, carefully washed and placed in a 
column for chromatography The mother lhquor was 
analysed for the presence of neutral (sugars) and acid 
products 

The elution of the basic products adsorbed on the 
cationic resin was carried out with increasing concentra- 
tions of hydrochloric acid (1, 2, 4 N) or ammonia The 
solvents were evaporated and the dry residues were dis- 
solved in 50 per cent methanol The antibiotics neomyein, 
kanamyem and monomyem, as well as their nitrogenous 
decompositon products, are completely adsorbed on the 
resin and cannot be detected in the mother hquor On 
the other hand, actinoidin is not adsorbed. by this type of 
resin and remains in the solution, but ın the course of 
hydrolysis the nitrogenous products of decomposition 
are adsorbed by the resin. In the latter case the course of 
hydrolysis was followed by measuring the decrease with 
time of the optical density at 280 mu of the lhquid filtered 
from the resin 

The ‘second component’ of monomyem, consisting of 
diammosugar and ribose, was origmally obtamed by 
methanolysis of the antibiotic m absolute methanol 
saturated with 0 5 N hydrochloric acid The hydrolysis of 
this component was followed by measurmg the Bial reac- 
tion mn the mother liquor and ın the eluate from the resin 
oo were not observed in the mother liquor or in the 
eluates 
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Observations on the hydrolysis of some antibiotics are 
presented m Table 1 The products of degradation of 
neomycin and monomycin after hydrolysis on the resin 
for 4 h are closely related to the products of methanolysis 
of these antibiotics The only difference is that the 
‘second component’ derived from monomyein and the 
neobiosamine derived from neomycin possess free gluco- 
sidic hydroxyl groups after hydrolysis, whereas these 
groups are easily methylated durmg methanolysis When 
the ‘second component’ obtained by methanolysis of 
monomyein 1s hydrolysed with the aid of a cationic resin, 
the removal of the methyl group occurs in 15h The 
complete splitting of this product into ribose and diamino- 
hexose takes place m 12h When actinoidin is hydrolysed 
under simular conditions, the mannose and glucose residues 
in, this antibiotic can be detected ın the mother liquor 
This mother liquor also contains an acidic phenolic com- 
ponent absorbing at 280 my, which had not hitherto been 
observed in acid hydrolysates of actimoidin 
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Purification and Analysis of Human Saliva 
Lysozyme 

JorrLèst? has previously demonstrated that lysozymes 
isolated, from different organs of the same animal (dog 
spleen and kidney; hen egg-white and Jung) have qual.- 
tatively the same biological activity but differ by their 
amino-acid compositions and their chromatographic 
behaviour 

This work 1s part of a comparative study devoted to 
lysozymes of human orngin The purification of human 
milk lysozyme? and the purification and analysis of 
human placenta lysozyme‘ have already been reported 
We describe here the purification and the analysis of 
human female saliva lysozyme 

Lysozyme activity was determined by its bacteriolytic 
action on Micrococcus lysoderkizcus and expressed as hen’s 
egg-white lysozyme ‘The proteins were titrated with the 
Folin-Ciocalteu reagent and also expressed as hen’s egg 
white lysozyme after comparison with a standard solution 
contaiming lysozyme from Armour (Kankakee, Illinois) 
The ammo-acids have been determined after total hydro- 
lysis (6 N hydrochloric acid, 110°, 24 or 48 h, sealed 
tube) with a Technicon autoanalyse: according to the 
method of Piez and Morris The cystine and methionine 
contents have been determimed on a performic acid 
oxidized sample Tryptophan has been determined 
according to Spies and Chambers® 

Salva was collected from women during the day and 
diluted each evening with water (1 4, v/v) The solution 
is adjusted to pH 4 5 with acetic acid and heated during 
2 mn at 100°C As with all previously studied lysozymes, 
saliva lysozyme resists to this treatment, contrary to a 
great number of other enzymes, and remains in solution 
Many impurities precipitate and can be elmmated by 
centrifugation The saliva is then stored at 4° until 
needed 

The purrfication includes;three steps, according to the 
procedure described by Jollés ef al? (1) Adsorption of the 
lysozyme on ‘Amberlite CG-50 buffered with a 02 M 
phosphate buffer of pH 65 20 ml of ‘Amberlite’ are 
added to 1,000 ml of diluted salva The mixture ıs 
stirred overmght The resin ıs then put nto a column 
and washed with water The lysozyme ıs eluted with a 
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0 8 M phosphate buffer of pH 65 After dialysis, against 
water at 2° C, a ‘primary material’ ıs obtained, 1ts specific 
activity 1s 0:3 It should be kept ın mind that the specific 
activity of hen’s egg-white lysozyme is 1. 

(2) Chromatography of the ‘primary material’ on car- 
boxymethyl-cellulose (CM-cellulose) The ‘primary ma- 
terial’ corresponding to 200 ml of undiluted saliva ıs 
charged at pH 4 5 on a CM-cellulose column (70 x 1 6 cm) 
equilibrated with a 0 03 M phosphate buffer of pH 5 5 
Gradient elution ıs begun after 100 ml by allowing 
successively a 0 03 M (600 ml), a 01M (600 ml) and a 
0 2 M phosphate buffer at pH 7 2 to flow mto the buffer 
at pH 5 51n a mixing chamber with a capacity of 250 ml 
The lysozyme ıs eluted between the 80th and 140th 10-ml 
fractions of the third gradient, the active fractions have a 
specific activity of around 25 The purified lysozyme 1s 
concentrated by adsorption on a few ml of ‘Amberlite 
CG-50 and elution, as described here, 1t 1s then dialysed 
against a 0 2 M phosphate buffer of pH 6 98 

(3) lon-exchange chromatography on ‘Amberlite CG- 
50 This chromatography 1s carried out on 16x11 cm 
columns of ‘Amberlite CG-50’, Type IT, equilibrated with a 
0 2 M phosphate buffer of pH 6 98 

Lysozyme content of saliva In order to avoid some errors 
which might arise from the presence of activators or 
inhibitors in the saliva, this content has been determined 
after obtamime the ‘primary material’ Human saliva 
(from women) contains 150-200 ug lysozyme/ml (quantity 
expressed ın hen’s egg-white lysozyme) 

Chromatography on CiM-cellulose The lysozyme was 
obtained with a yield of 60 per cent and has undergone 
approximately a 10-fold purification 

Ion-exchange chromatography It was carried out as 
indicated in Fig 1 without any change m the pH, the 
molarity or the temperature of the buffer Saliva lysozyme 
was eluted after 48 ml with a yield of 90 per cent, the 
specific activity mside the peak remaining constant 
(83405) Just before this main peak a very small one 1s 
eluted, its specific activity ıs lower It has not been 
submitted to amino-acid analyses 


) 
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Lytic activity expressed as 
Armour lysozyme (ug/ml ) (--——-) 
Proteins measured by the Folm- 
Clocalteu reagent (ug/ml } ( 





2-ml fractions 


Fig 1 Yon-exchange chromatography on ‘Amberhte CG@-50’ of human 
saliva Lysozyme, 0-2 M phosphate buffer of pH 6 98 


Amino-acul composition Table 1 indicates the amino- 
acid composition the preferred mteger ıs derived from 
analyses carried out after 24 or 48 h hydrolysis on samples 
submitted or not to a performic acid oxidation With 
three different lots we have obtained the same results 


Table 1 AINO-ACID COMPOSITION OF HUMAN SALIVA LYSOZYME 


Amuno-aeids r Amuno-acids y 
Gly 1341 eu 4 
Als 12 +1 Phe 2 
Ser 6x1 Tyr 5 
(Cys-)s 6 Try 5+1 
Met 1 Asp 18 +1 
Thr 6+1 Glu 941 
Pro 3 Lys 4-5 
Val 7 Arg JI + 1 
Leu 8 His 1 


r, Residues/mol 
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Molecular weight From the amino-acid composition, 1t 
was possible to calculate a minumum molecular weight of 
around 14,000 Some experiments made with calibrated 
‘Cellophane’ membranes established that this 1s the real 
molecular weight 

Conclusion The new lytic enzyme is & lysozyme, as 1b 
possesses the prmcipal properties of this group?! it 1s a 
basic protein, with a low molecular weight (around 15,000), 
stable at acid pH, unstable at alkaline pH, active against 
suspensions of M lysoderkticus It has been obtamed m a 
chromatographically pure state, after an 10n-exchange 
chromatography The specific activity and the amino- 
acid analyses are constant from one lot to another 

From our comparative studies, we can conclude that 
human placenta lysozyme‘ has the same chromatographic 
behaviour, the same specific actrvity- and a quite com- 
parable ammo-acid composition (established after 18 and 
24 h hydrolysis only) as human saliva lysozyme A com- 
parison of the tryptic units will allow us to establish if 
the two lysozymes are identical or not Preliminary experi- 
ments have already shown that human milk contains in 
fact two lysozymes, one of which seems to be different 
from the two mentioned here?’ 

Ths work was supported ın part by grant FG-Fi -106 
from the US Department of Agriculture 
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Citrate as an Intermediary in the Inhibition of 

Phosphofructokinase in Rat Heart Muscle by 

Fatty Acids, Ketone Bodies, Pyruvate, Diabetes 
and Starvation 


In perfused rat heart, glycolysis ıs accelerated by 
anoxia and uncouplers of respiratory chain phosphoryla- 
tion and inhibited by the respiration of fatty acids, ketone 
bodies and pyruvate: Measurements of the concen- 
trations of hexose phosphates have led to the suggestion 
that these agents change the rate of glycolysis by altering 
the rate of the phosphofructokinase step!-* The rates 
of glycolysis and of the phosphofructokinase reaction are 
also diminished in hearts from alloxan diabetic or starved 
rats in which the release of fatty acids from glycerides 
for oxidation 1s enhanced‘ In extracts of guimea pig 
heart® and of rabbit skeletal muscle’? the activity of 
phosphofructokinase 1s inhibited by increasing concen- 
trations of ATP and stimulated by increasig concen- 
trations of 5‘ AMP, cyclic 3’,5’ AMP, ADP and inorganic 
phosphate These observations suggest that anoxia and 
uncouplers of respiratory cham phosphorylation merease 
the rate of the phosphofructokmase reaction im muscle 
(and hence of glycolysis) by increasing the concentrations 
of 5’ AMP, ADP and inorganic phosphate and diminishing 
that of ATP 

On the other hand, when phosphofructokinase m rat 
heart 1s inhibited by the respiration of fatty acids, ketone 
bodies and pyruvate or by diabetes or starvation there 
18 no increase in the concentration of ATP and no con! 
sistent decrease ın that of 5‘ AMP, ADP or phosphate 
This has led to the suggestion‘ that some intermediate 
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in the respiration of fatty acids, ketone bodies and 
pyruvate might mhibit phosphofructokmase The meta- 
bolites which we have considered in this connexion are 
long-chain fatty acyl coonzymo A, acetyl coenzyme A and 
the acids of the citrate cycle 

The concentration of fatty acyl coenzyme A in porfused 
rat heart has been assayed ascoenzymeA (ref 8) after extrac- 
tion and separation from the frozen and powdered musele’ 
In diabetos or starvation or after perfusion with 0 75 mM 
palmitate complexed with 2 per cent bovine plasma 
albumin the concentration of fatty acyl coenzyme A was 
increased 40-70 per cent (from control values of 2 4 to 
50 umoles/100 g) In hearts perfused with pyruvate 
(60 mg/100 ml ) or pu B hydroxybutyrate (70 mg/100 ml ) 
the concentration of fatty acyl coenzyme A was not 
mereased It seomed unlikely, therefore, that these factors 
inhibited phosphofructokmase by raising the tracellular 
concentration of fatty acyl coenzyme A The concen- 
tration of acetyl coenzyme A. in perfused rat heart was 
found to be too low for enzymatic assay!, but acetyl coen- 
zyme A at concentrations between 0 08 and 107 mM did 
not inhibit phosphofructokinaso in extracts of rat heart 
Citrate, on the other hand, ın the rango of concentrations 
found in rat heart mbhibited phosphofructokinase in 
extracts of the muscle Moreovei, its concentration in 
perfused heart was mecreased by all the factors which are 
thought on the basis of measurements of hoxose phosphate 
concentrations to inhibit the enzyme in the porfused 
heart These observations, which suggest that the 
mhibitory effects of fatty acids, ketone bodies, pyruvate, 
diabetes and starvation on phosphofructokmase ın the 
intact muscle are mediated through an increase in the 
intracellular concentration of citrate, aro briefly sum- 
marized, 

Rat hearts were perfused, frozen and powdered as 
described elsewhere!? For assay of citrate the fiozen 
powder was extracted with 0 5 M porchloric acid (3 ml /g), 
neutrahzed with 60 per cent potassium hydroxido, 
treated with ‘IR 120’ (H form) to romove glutathione 
and neutralized again with 20 per cent potassium 
hydroxide Citrate was assayed onzymatically by 
the change in extinction at 340 mp in a Beckman 
spectrophotometer on adding 10-20 units! of aconitase™ 
(purified to the first ethanol precipitation) to a mrxture 
of 05 ml muscle extract and 07 ml assay medium 
(70 mM, trs hydrochloric acid, 07 mM, EDTA, 2 mM, 
MnSO,, 03 mM, NADP, pH 7 4) aftor removing iso- 
citrate and glucose and fructoso 6-phosphates with 180- 
citrate dehydrogenase, glucose 6-phosphate dehydro- 
genase and phosphoglucoisomerase Citrate was 1e- 
assayod in some extracts with citrate lyase!? (EC 41 3 6), 
with essentially similar results The concentration of 
citrate was assayed in hearts from fed 1ats perfused for 
15 min with medium containing glucose (1 mg/ml) 
and msulin (01 umt/ml) and calculated as pmoloes 
citrate/ml intracellular water The concentration of 
citrate was mereased by starvation and alloxan diabetes 
from 0 47 + 003 to 069 + 008 and 2 38 + 011 respec- 
tively, by 0 75 mM palmitate carried by 2 per cont bovine 
plasma albumin from 048 + 008 to 164 + 015, by 
pyruvate (60 mg/100 ml) from 067 + 007 to 238 + 
024, by §@-hydroxybutyrate (70 mg/100 ml) from 
067 + 007to1l 40 + 016 (mean + S E ) for six hearts in 
each group = 

For assay of phosphofructokinasn ın oxtracts hearts 
from fed normal rats were perfused anaeiobically with 
glucose-free medium for 15 min (to removo glycogen) 
and extracted in an all-glass hand-operated Potte:—Elvo- 
hjem homogenizer with 5 ml assay medium (see later) 
containng 25 mM ATP  Phosphofructokinase was 
assayed ın a recording fluorimeter by the disappearance of 
NADH, the fructose 1 6-diphosphate formed bemg con- 
verted to glycerol 1l-phosphate The assay medium was 
that described by Passonneau and Lowry’ with 2 5 mM, 
ATP, 005 mM, NADH, 30 pg/ml aldolaso and 30 
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ug/ml glycerol phosphate dehydrogenase (if ammonium 
sulphate suspensions of enzymes are used they should be 
limited ın volume to a total of 0 6 ml /100 ml as ammo- 
mum sulphate can block citrate imhibition) Rotenone 
(0 7 ug/ml ) was added to inhibit NADH oxidase activity 
After stoady-state conditions were attained with 10-20 yl 
muscle extract and 3 ml assay medium, the reaction was 
started by addition of 20 ul of 0 15 mM (glucose + fruc- 
tose 6-phosphates) containing 10 pg/ml phosphoglucose 
isomerase The effect of various substances on the 
activity of phosphofructokimase was ascertained by the 
change in rate on their addition to the complete reaction 
mixture Control expersments showed that substances 
whichaltered the rate of conversion of fructose 6-phosphate 
to glycorolphosphate did not change the rate of conversion 
of fructose 1 6 diphosphate (7 uM), that is, that their 
influence was on phosphofructokinase 

Tho activity of phosphofructokmase m oxtracts of rat 
hoart was 140 umoles fructoso 1 6 diphosphate formed/g 
of wet heart/h (23 observations) In each of 10 oxperi- 
monts citrate (mM) reduced the rate to an avorageo of 
23 per cent of the control Definite mhibition (80 per 
cent control) was scen with as httle as 02 mM citrate 
and the effect increased betweon 02 and 1 mM Citrate 
mhibition was not influenced by an equimolar amount 
of Mg?+ No mhibition was soen with (mM) ezs-aconitate, 
L; ocitrate, «-oxoglutarate, succmate, fumarate L- 
malate, tricarballylic acid, acetyl coonzyme A or co- 
enzyme A The activity of phosphofructokinase was 
enhanced by 5’ AMP (017 mM), cyche 3,5’ AMP (017 
mM), ADP (0 5 mM), morganic phosphate (4 or 8 mM) 
and arsenate (8 mM), both in the presence and absence of 
mM citrate Inorganic phosphate, for example, incroased 
the rate ten-fold at 8 mM Rat heart muscle phospho- 
fructokinaso 1s thus activated by those substances which 
activate phosphofructokinase from guinea pig heart or 
rabbit skeletal muscle*:? It 1s also inhibited by citrate 
Inhibition, of brain phosphofructokinase by citrate has 
been observed by Passonneau and Lowry (personal 
communication) 

These observations suggest that respiratory substrates 
and diabetes or starvation mbhibit phosphofructokinase 
through an merease in the intracollular concentration of 
citrate The latter may be due to mereased synthosis 
of citrate through the provision of additional acetyl CoA 
Other possibilities are alterations in mitochondrial per- 
meabılıty to citrate or in the utilization of citrate either 
in mitochondria or cell sap 

We thank Dr J B Chappoll for advice and assistanco 
with the fluorimetric assay of phosphofructokinase, Sur 
Rudolph Peters, for gifts of tricarboxyhe acids, and the 
British Diabetic Association and British Insulin Manu- 
facturers for financial support 
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Antifungal Activity of Some 
2-Nitro-Il-phenyl-l-phenylthioalkanes 


In view of the publication by Wain et al + on the fungi- 
eidal properties of some thiocarbamoylthion:troparaffins, 
we wish to describe the antifungal properties of some 
2-nitro-1-phenyl-1-phenylthioalkanes and related com- 
pounds 

The antifungal activity of aB-unsaturated carbonyl 
compounds?? 1s believed to be due to their ability to 
combine chemically with the thiol group of many enzymes 
and coenzymes, thereby causing their deactivation, and ıt 
scems likely that the fungitoxicity of 6-nitrostyrenes‘-® 
arises for simular reasons This 1s supported by the fact 
that those compounds possessing the double-bond most 
reactive towards nucleophile reagents (for example, 
thiols) are the most powerful antifungal agents, namely, 
the B-nitrostyrenes*:7.8 (Table 1) The compounds ob- 
tained by adding benzenethiols to «f-unsaturated car- 
bonyl compounds and £-nitrostyrenes might therefore be 
expected to have markedly diminished biological activity , 
Table 1 reveals that this ıs not necessarily so Substan- 
tially mactive thiol-addition products (type B) are 
apparently obtaimed only from compounds of type A 
possessing high antifungal activity and highly reactive 
double bonds (for example, compounds 2, 4, 7 
and 9) 

In view of this, and the fact that the parent sulphide, 
1-pheny!-1-phenylthioethane, is inactive against all four 
test fungi at 1,000 ppm, it is tempting to suggest that 
the fungitoxicity of the 2-nitro-1-phenyl-1-phenylthio- 
alkanes may be due to their reacting with the thiol groups 
of enzymes through exchange reactions 


K p-sH-cH NO> + HS-enzyme —_ C poh cH NO> + HS Cs Hs 
| 


S Cols S~ enzyme 
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Such exchanges are less hkely to occur with the compounds 
of type B im which the benzenethiol has been added to a 
highly reactive double-bond (compounds 2, 4, 7 and 9) 
In these cases, low fungitoxicity would be expected 

The present hypothesis also suggests that 2-nitro-1- 
phenyl-1-phenyl-thioalkanes containing election-attract- 
ing groups attached to the phenylthio moiety should ex- 
bit the greatest fungitoxicity, as the foregomg exchange 
reaction will be facilitated This 1s supported by the 
biological results in Table 2, where compound 15 contains 
a 4-nitro-group The reverse effect 1s demonstrated by 
compound 17, which contains the electron-repelling 
methoxyl group 

Anomalies in the biological results make it clear, 
however, that many more factors? must be con- 
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Table 2 EFFECT OF SUBSTITUENTS ON THE ANTIFUNGAL ACTIVITY OF 
SOME 2-NITRO-1-PHENYL-1-PHENYLTHIOETHANES 


CA 


” CH-CHe NO? 


spore germination test 


Compound (approx Ls) 12 p pm ) 
No R a ee 
BC SF C F VI 
5 H 500 20 10 20 
11 4-F 35 20 20 10 
12 4-Cl 10 35 35 10 
13 4-Br 35 35 10 
14 4-I 506 200 10 20 
15 4-NO, 10 10 10 
16 4-CHs 500 500 10 35 
17 4-CH,O0 500 500 500 500 
18 2,5-d101 150 35 10 20 
19 2,4,6-triCl 150 20 10 20 





sidered in attompting to formulate any antifungal 
mechanisms 
N G CLARK 
A F Hams 
B E LEGGETTER 
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Saligenin Cyclic Methyl! Phosphate and its 
Thiono Analogue: New Insecticides related 
to the Active Metabolite of Tri-o-cresy! 
Phosphate 


SALIGENIN cyclic phosphate was discovered as the active 
metabolite of tri-o-cresyl phosphate (TOCP) (ref 1 and 2) 
Analogous cycle phosphorus esteis were synthetically 
prepared for examination of their chemical properties*-4 
and biological activities’: The biological activity 1s not 
always coincidental with the chemical reactivity and 
appears to be influenced by the size of a substituent on 
phosphorus being outside the hetero-rimg of the cyclic 
esters The TOCP-metabohte causes ataxia m hens but 


Table 1 ANTIFUNGAL ACTIVITY OF SOME ETHYLENIC COMPOUNDS AND THEIR BENZENETHIOL ADDUCTS 


Spore germination test (appro. EDs, nppm ) 


am. 


EEEE ROE mn | ce | aa | R nt È ma AAA | aenean nnne | yep 
Ahatli EAR | IE | j aaa 


Type B 
KER GEEH- 
æ l 
oa bao NOE etna Ri Rs Ri CeHsS Re 
No R Ry R; ee ee es 

j BC SF CF vi | BO SF CF VI 
1 H —cocH, | —coont 20 3 50 500 15 10 150 
2 H —co cH, | —CO CH; 50 20 6 12 500 500 500 500 
3 3-No, | —GO cH, | —GO GH; 300 10 10 30 500 "10 20 35 
4 3-NO, | —COOEt | —COOEt 250 10 10 2 500 500 500 500 
5 H H NO. 150 250 250 50 500 20 10 20 
6 H CH, NO; 300 300 12 50 500 350 150 200 
| 7 H C,H, NO, 3 1 3 3 500 350 150 350 
8 H Cl NO. 150 35 350 150 150 20 20 10 
9 4-NO, H 0 10 35 150 10 500 500 500 250 
10 4-NO, | —COOEt NO; 50 50 300 50 500 50 50 50 








* Satisfactory analytical figures have been obtained for all new compounds 


BC, Botrytis nerea, CF, Cladosporium fulvum, S F , Sclerotinia fructigena , 


VI, Venturia imaequalis 
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has no insecticidal activity, while its analogous cyche 
phosphates carrying a small alkyl group appear to have 
insecticidal activity The following two esters aro new 
promising insecticides in this unique sorres 
2-Methoxy-4H-1,3,2-benzodioxaphosphoran-2-one (sali- 
oxon) was prepared according to a described procedure? 
from saligenin and methyl phosphorodichloridate by the 
action of tertiary amme Pyridine was better than tri- 
ethylamine as the base The product was a colourless oil, 
bp 110°-112° C (0 05 mm mercury), np®°=1 5155 Its 
thiono analogue (salithion) was not obtained m good 
yield by a similar procedure, but was by more drastic con- 
dition such as heating (80°-90°) the mixture of saligenin 
and methyl phosphorodichloridothionate m toluene for 
15-20 h in the presence of potassrum carbonate and copper 
powder The thiono analogue consists of colourless needles 
(from methanol), m p 51°-53°C Cyclic structure of these 
compounds was supported by infra-red-spectra, amuno- 
antipyrine test? and determmation of molecular weight 


Table 1 APPROXIMATE £.D,;, VALUES TO MOUSE AND HOUSEFLY OF NEW 
INSECTICIDES COMPARED WITH THEIR ANALOGOUS COMPOTNDS AND KNOWN 
INSECTIOIDES 





N TA 
LD 


Compounds R A Mouse * Housefly t 
Saliovon OMe O 52 0 035 
Salithion OMe S 88 0 05 
Ethyl salioxon OEt 0 76 9 i 
Propyl salioxon OPr Q — 

Buty! salioxon OBu QO — > 10 %40%) 
Phenyl salioxon OPh O > 10 (8%) 
TOCP-metabolite M-1 OPh-2Me 0 140 (ref 6) > 10 (O%) 
Phenylphosphonate 

analogue Ph 0 — > 10 (0%) 
Parathion 5 (ref 7) 0 04 
Malathion 347 (ref 7) 06 


* Oral administration with addition of emulsifier, mg/kg, 24h 
t Topical application of acetone solution, y/female, 24 h 


These methyl esters have strong insecticidal activity 
comparable with parathion and less toxicity to mammals 
than the latter as shown ın Table 1 They are also offec- 
tive with some other msects such as the American cock- 
roach, rice stem-borer and green rice leafhopper? Another 
outstanding character of salioxon 1s its extremely rapid 
insecticidal action It 1s interesting to note that these 
insecticidal cyclic phosphorus esters do not have any 
strong acidic group such as parathion, etc , have 

Analogous esters having a bulky substituent such as 
aryl group or big alkyl group are not msecticidal This 
appears to be due to the differences m affinity for insect 
enzymes and also in penetration Non-insecticidal phenyl 
derivative (R = OPh, X = 0) ıs a strong inhibitor for house- 
fly trunk alesterase, but not for fly hoad cholinesterase 
Another non-insecticidal phenylphosphonate (R= Ph, 
X =0]) 1s a strong inhibitor of both enzymes ın vitro but 
not n vwo =Saloxon inhibited. both onzymos en vivo as 
well as on vitro 
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YASUYOSHI OSHIMA 
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Relationship between Consistency of Wheat 
Grain and Flour Diastatic Activity 


THERE are annually harvested in Australia more than 
100 varieties of wheat, ono of the chief reasons for th's 
large number lying ın the complexity of soil-type and 
climate encountered throughout the wheat-belt It wil be 
appreciated that a considerable diversity of quality types 
are ropresented by these varieties and ın 1956 a pheno- 
menon referred to as ‘over-stability’, characteristic of 
certain extremely vitreous material, recerved much atten- 
tion Flours obtained from these varieties were found to 
contain a high percentage of damaged starch, arising out of 
the mereased roll-pressure 16 was necessary to exert on the 
grain in order to obtam a satisfactory flour yield Conse- 
quently the diastatic activity of these flours was con- 
siderably augmented, and the increased dextrimization 
associated with this high duastatic activity ımparted 
stickiness to the fermenting dough, the resultant loaves 
being dense, of low volume and poor, waxy texture In 
order to ascertain which of the varieties bomg grown 
possessed this characteristic and were thus unsuitable for 
cultivation, a groat number of varieties were tested for 
grain consistency and diastatic activity, and the relation- 
ship revealed between these two characteristics forms the 
subject of this communication 

Flour of each variety was obtained by mulling 1 kg of 
tempered wheat in a Buhler automatic laboratory mull 
Flour diastatic activity was measured by a modification of 
the Bhsh and Sandstedt procedure! Grain consistency 
was measured by a particle size index test perfected by 
Symes? and since improved by the introduction of a Ro-tap 
sieve shaker Ten grammes of grain are ground in a 
Labconco mull set at its finest setting, and the moal sieved 
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Table 1 RELATIONSHIP BETWEEN OBSERVED FLOUR DIASTATIC ACTIVITY 
AND FLOUR DIASTATIC ACTIVITY PREDICTED FROM A KNOWLEDGE OF GRAIN 
CONSISTENCY, AS MEASURED BY PARTICLE SIZE INDEX SYSTEM 


Observed Predicted 
Particle diastatic diastatic 
gize activity activity 
Variety index (mg maltose] (mg maltose/ 

10 g flour) 10 g flour) 
Dural (T durum) 51 526 534 
KBFBx P,x Baringa (T vulgare) 61 440 450 
Baringa 80 348 344 
Curlew 101 276 272, 
Falcon 113 244 244 
Festival 121 228 226 
M9938 (Bungulla x Gabo) 13 0 233 211 
Gabo 131 214 209 
Spica 166 175 175 
Javelin 48 25 4 104 108 
Bordan 263 101 104 
Heron 28 5 89 96 
Olympic 30 0 88 9} 
Quadrat 310 81 88 
Sherpa 32 2 88 85 
Sherpa 38 5 71. 71 


for 10 min on & 200-mesh wire sievo, the percentage of 
throughs being recorded as the particle sizo index Durum 
wheats have an index of 5, while a figure of 40 has been 
recorded for certain soft biscuit-type varieties 

A close logarithmic relationship was found to exist 
between flour diastatic activity and grain consistency as 
measured by the particle size index system (Fig 1) By 
means of this relationship 1t was possible to predict the 
flour diastatic activity with some degree of accuracy from 
a knowledge of the particle size index of the grain (Table 
1) From the range of varieties which were classified n 
this way, 12 varieties, chosen to cover the full range of 
diastatie activity encountered, were grown for 2 seasons 
in a series of 10 replicated trials throughout the Australian 
wheat-belt, ın order to test the effect of environmental 
fluctuations on the classification Prelaminary results 
from these trials have indicated that the logarithmic 
relationship referred to here 1s maintamed under a 
variety of edaphic and climatic conditions 
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Effect of Vitamin B; and its Analogues on 
the Swelling of Rat Liver Mitochondria 


It has been observed! ? that substances hke thyroxine, 
Catt, orthophosphate, induce swelling in rat liver mito- 
chondria when suspended im a medium contaimng 0 3 M 
sucrose, and 0 02 M tris(hydroxymethyljammomethane, at 
pH 74 That the swelling of mitochondria 1s dependent 
on the respiratory chain is shown by the fact that 2,4- 
dinitrophenol, which 1s an uncoupler of oxidative phos- 
phorylation, 1s a strong inhibitor of mitochondrial swelling}, 
The swelling of mitochondria 1s associated with the active 
water uptake, which was first pomted out by Raaflaub? 
The active water uptake is also inhibited by adenine 
triphosphate Other substances lke spermine, spermi- 
dine, and related polyamine also inhibit swelling’ It has 
also been observed, that many antihistamine drugs inhibit 
mitochondrial swelling’ where permeability change has 
been suggested It is known that pyridoxal phosphate 
intensifies the uptake of amino-acids by Ehrlich ascites 
tumour cells? with the concomitant uptake of water A 
study of the effect of pyridoxal phosphate and other ana- 
logues of vitamin B, on the active water uptake by rat 
hver mitochondria will be of some interest 

In the present imvestigation the rat liver mitochondria 
was isolated by usual methods, and swelling was studied 
in a medium containing 03 M sucrose and 002 M trs- 
(hydroxymethylammomethane at pH 74 by observing 
the optical density at 520 my according to the method 


NATURE 


173 


Table 1 SWELLING oF Rat LIVER MITOCHONDRIA n vitro IN PRESENCE 
OF VITAMIN Be ANALOGUES ‘THE SWELLING OF MITOCHONDRIA IN 03 M 
SUCROSE 002 M trus MEDIUM AT 15 MIN IS TAKEN AS 100 


Compound Concentration Relative swelling 
Pynidoxal 1 mM 103 
Pyridoxine 1 mM 98 
Pyridoxamine 2 mM 100 
PMP* 1 mM 92 
PLP +t 1 mM 80 
PLP 2 mM 68 
DPt 1 mM 53 
DP 2 mM 25 
DP + Pyridoxine ImM + 1 mM 80 
DP + Pyridoxal 1mM + 1 mM 88 
DP + Pyridovamine 1mM + 1mM 56 
DP + PMP i mM + 1 mN 80 
DP + PLP 1mM + 1 mM Q 


* Pyridoxamine phosphate t Pyridoxal phosphate, f} 4-Deonypyridoxime 
published previously The results are shown in Table 1 

Of all the various analogues of vitamin B, tested, pyridoxal 
phosphate and 4-deoxypyridoxine inhibit the swellmg to 
the extent of 32 per cent and 75 per cent respectively 
when. present in 2mM-levels The rest of the compounds 
are inactive When 4-deoxypyridoxime and pyiidoxal 
phosphate are present together at 1 mM-level, they 
prevent swolling completely These two compounds 
together cannot prevent the swelling of rat liver mito- 
chondria caused, by thyroxine When other analogues of 
vitamin B, are present along with 4-deoxypyridoxine they 
do not show any synergistic effect The inhibition of mito- 
chondrial swelling by 4-deoxypyridoxine has similarity to 
the action of 2,4-dmitrophenol ın that ıt releases the 
adenosine triphosphatase activity of tho mitochondria to 
about four-fold that of the blank when present im equi- 
molecular level, but on the contrary when 4-deoxy- 
pyridoxine and pyridoxal phosphate are present together 
it 18 inactive in releasing the adenosine triphosphatase 
activity wn vitro of the mtochondria The other com- 
pounds are mactive ın releasing the adenosine triphos- 
phatase from rat hver mitochondna 
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Relationship between Venous Pressure and 
Cortical Blood Flow 


Ix man, acute occlusion of the superior vena cava 
results in complete obstruction to cerebral venous drain- 
age, with gross changes ın the electroencephalogram In 
the dog, however, complete constriction of the superior 
vena cava results in & rise in cerebral venous pressure, 
but no significant changes in the EEG! (Fig 1) Venous 
pressure ıs compounded of a number of vanmables? and a 
number of pressure-flow relations have been demonstrated 
in distensible vascular beds? 

A veni-vasomotor reflex has been postulated for the 
finger? A fall in flow was observed following distension 
of the venous bed A simlar mechanism may result in 
cerebral ischemia followmg increases m mtbracramal 
venous pressure with coughing and straining It 1s, 
however, more probable that an alternative mechanism 
ig present tending to stabilize cerebral blood flow despite 
fluctuations ın venous pressure ‘This communication 
supports this possibility 
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CONTROL EEG Venous Hypertension 


EEG 





Opening 3 


Sa raid (ucts anaia 3 


4 saline aL dta i dhaani aadi 4 
MMM hhh thet 


ECG 5 ECG St IL 


Fig 1 The EEG before and after venous obstruction There is no 
significant difference m the recordings There was a slowimg of the 
heart rate in this instance after constriction of the superior vena cava 


Cortical blood flow (ml /g/min) was measured m seven 
dogs with the krypton-85 clearance method of Lassen and 
Ingvar’ Anesthesia was induced with thiopentone and 
maintained with nitrous oxide Intermittent suxame- 
thonium was administered to allow controlled ventilation 
Arterial blood pressure was measured (mm mercury) 
and samples were obtained from a femoral artery cannula 
Venous pressure (cm water) was measured from a cannula 
mounted in the sagittal snus Changes ın venous pressure 


CORTICAL BLOOD FLOW & 
VENOUS HYPERTENSION 
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Fig 2 Yilnustrates the relationship between the change in flow as a 
percentage of the mitial controls ın each dog and the change in venous 
pressure as a percentage of the 1nitral controls 
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Table 1 
Exp Remarks BP VP Art CBF OBE” Trme 
pCO; 
1 125 5 81 5 0 638 0 88 0 
SVC + 125 20 32 6 0 76 0 93 30 
SVC + 115 38 315 0 86 1 04 55 
SVC + 100 32 28 5 0 90 1 12 88 
SVC + 130 — 34 5 9 73 0 80 115 
2 165 16 6 41 0 0 76 0 75 0 
SVC + 150 24 39 0 0 78 6 79 10 
SVC + 115 48 84 0 0 92 1 03 20 
SVC + 105 52 33 0 0 85 0 97 30 
3 135 7 36 0 114 i 28 0 
145 6 36 0 1 00 1 12 30 
SVC + 145 23 5 84 6 1 57 1 76 65 
SVC + 145 17 5 36 5 1 71 1 74 75 
SVC + 140 12 37 0 1 11 113 95 
150 5 88 0 1 26 1 29 110 
4 170 8 33 0 0 69 0 78 0 
175 7 34 0 0 68 0 76 10 
SVC + 176 15 81 5 0 96 1 ii 60 
185 5 86 0 0 92 0 99 67 
SVC + 175 17 30 0 0 86 103 98 
Acrylic 186 7 35 5 0 52 6 56 113 
Acrylic 185 7 36 5 0 65 0 69 143 
Acrylic 190 $3 5 O 71 0 79 158 
SVC + 180 18 34 0 1 08 1 21 173 
Table 2 
Exp Remarks BP VP Art CBF. CBF” Tıme 
pco 
5 170 10 34 0 0 76 0 85 0 
170 10 83 0 0 86 1 00 85 
160 9 3i 9 72 6 83 95 
SVC + 165 14 31 0 0 79 0 93 105 
SVC + 165 15 84 5 0 86 0 94 125 
SVC + 169 14 32 0 0 85 9 99 147 
165 7 32 5 0 69 0 79 182 
165 8 84 5 0 78 0 86 190 
6 165 10 37 5 0 63 0 65 0 
160 10 41 0 0 70 0 69 15 
SVC+4+VA. 150 26 42 9 0 85 0 81 40 
SVC+VA 140 21 46 0 0 79 0 70 85 
SVC+VA_ 120 20 46 0 0 73 0 62 135 
7 140 7 40 0 0 63 0 63 0 
155 8 39 0 0 57 0 58 40 
SVC + 155 17 45 0 071 0 64 75 
SVO- 150 16 38 0 0 67 o 89 95 
SVC + 155 17 36 0 0 70 0 75 115 
SVC+VA 185 32 86 0 0 47 0 51 135 


Tables 1 and 2 show the overall experimental results S.Y © + mdicates 
constriction of the superior vena cava, BP, blood pressure mm mercury , 
VP, sagittal sinus venous pressure cm water, Art pCO, arterial carbon 
dioxide tension, mm mercury, CBF, cortical blood fiow, ml /gm/min, 
CBF”, cortical blood flow normalized to a pCO, of 40 mm mercury 


were induced by constriction ot the superior vena cava, 
exposed, by thoracotomy Arterial pCO, was determmed 
using a micro-Astrup apparatus? and maimtamed within 
narrow limits in each dog by adjusting the stroke volume 
of the Starlmg respiratory pump EEG activity was 
recorded on an Offner 8-channel T D electroencephalo- 
gram using staimless steel electrodes m  bifrontal, 
fronto-temporal and fronto-occipital positions 

After control measurements m three animals, progressive 
partial constriction of the superior vena cava was apphed 
(dogs 1,2 and 3) In one animal measurements were made 
during complete occlusion of the superior vena cava for 
42 min and also following release of the constriction 
(dog 5) A further reduction in cerebral venous return was 
effected ın two dogs by an additional hgation of the 
vena azygos (dogs 6 and 7) In one animal a closed 
intracramal system was simulated by sealing the trephme 
hole and plastic membrane’ with methyl-methacrylate 
(dog 4) 

The results are expressed ın Tables 1 and 2 The control 
cortical blood flow values show a considerable variation 
between animals This is probably attributable to the 
range in the control arterial pCO, levels and the consider- 
able operative trauma required for the preparation 
However, in each animal there was an increase in cortical 
blood flow after venous obstruction In dog 7, after vena 
azygos ligation a fall in cortical blood flow occurred, 
together with a fallin systemic blood pressure and a much 
greater increment in venous pressure A smaller increment 
in flow occurred in dog 6, with combined superior vena 
cava and vena azygos occlusion compared with the mcrease 
m flow in the other animals 
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A graphic representation of the relationship between 
the percentage change ın cortical blood flow—-adjusted to 
an arterial pCO of 40 mm mercury—and the percentage 
change in venous pressure is shown in Fig 2 No simple 
relationship 18 evident However, the majority of flow 
results are within + 15 per cent of the control values 
A. coefficient of variation of 17 per cent in the mean esti- 
mations of several dogs in cortical blood flow has been 
reported using the krypton-85 technique at a pCO, of 
40 mm mercury’? The change ın cortical flow persists 
if venous hypertension 18 maintamed for long periods, 
but there may be an upper limit of venous pressure after 
which a fall in flow occurs (dog 7) Ifa closed intracranial 
system is reconstituted the response to venous hyper- 
tension 18 unchanged (dog 4) In this animal, however, 
some loss of cerebro-spmal fluid had occurred prior to 
the fashionmg of the acrylic wmdow The consistent 
increase in cortical flow in every animal following constric- 
tion of the superior vena cava is at variance with reports 
on finger plethysmography and alterations in venous 
pressure’ In this latter investigation, changes in venous 
pressure were induced by altering tissue tension The 
influence of tissue tension—cerebro-spinal fluid pressure 
in this mstance—cannot be assessed in those animals 
using the standard krypton-85 techniquo*-?~® Excision 
of the dura and replacement with a plastic membrane 
allow a commensurate loss of cerebro-spinal fluid followmg 
alterations in blood flow and venous pressure The pre- 
luminary findings after closing the dural window ın dog 6 
suggest that moderate changes in cerebro-spmal fluid 
pressure may not alter the response to venous obstruction 
A. provisional conclusion that there ıs a homeostatic 
mechanism, stabilzmg cerebral blood flow despite large 
fluctuations ın venous pressure seems justifiable at this 
stage 
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Active Transport and Transfer of Energy 


Tue transport of ions and molecules across the cell 
membrane against a concentration gradient ıs usually 
defined by the term ‘active transport’ The word ‘active’ 
conveys the idea of active participation of the cells m 
these transport processes, the energy required being 
supphed by the metabolic processes within the cells 

Certain important features of these processes are- 
(1) the rate of transport 1s not a linear function of the 
difference of concentrations on the two sides of the cell 
membrane, (2) competition among substances having 
similar configurations; (3) inhibition by enzyme inhibi- 
tors; (4) the temperature coefficients are often of the 
same order as those of enzyme reactions; (5) the rate of 
transport may be different even for optical isomers 
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The mechanisms which have been suggested to explain 
the active transport processes can be classified into three 
groups (1) Fixed carrier transport}. m this mechanism 
the carriers present on the cell membrane combime with 
the molecules or 1ons on one side of the membrane, then 
move to the other side and release them there (2) Mobile 
carrier transporb®3 in this process the molecules or 10ons 
combine with mobile carriers on one side of the membrane, 
move to the other side and get released there (3) (a) Com- 
plex formation‘ with macromolecules such as proteins by 
chelation or electrostatic forces, (b) adsorption on colloidal 
particles 

Since active transport processes include the movement 
of a wide variety of substances under different conditions, 
it 1s not unlikely that all these three mechanisms either 
separately or together are operating in different cases 

The active transport processes usually require expendi- 
ture of energy The way this energy 1s utilized depends 
on the nature of the mechanism involved ın any particular 
process The energy transfers in the two carrier transports 
are basically the same and are simular to those involved 
in other synthetic reactions within the cell. 


ATP ADP-+P,; 
7A 


carrier -+- substrate enzyme carrer substrate 


The carriers ın the mobile transport processes may be the 
common metabolites of the cell Duo to the anisotropic 
distribution of enzymes and other reacting constituents 
on the two sides of the cell membrane, the combination 
with a metabolite (mobile carmer) on one side and its 
release on the other side may be more accelerated than 
the reverse process 

The utihzation of energy in the active transport pro- 
cesses operated by the mechanism of complex formation 
with a protein molecule or any other macromolecule may 
take place in the following ways 

(1) Smee the anabolism and catabolism of the protem 
molecules are under the dynamic control of the metabolic 
processes, the deficiency m the energy-producing processes 
will affect the steady state of the process 

P+S<2P S, where P 1s a protem molecule and S is a 
substrate and hence will affect the active transport of S 

(2) The enzyme ATPase 1s necessary for the breakdown 
of ATP to ADP: 

Mg*+, Nat, K+ 


TPase] 


[A 
ATP. ADP +P; 


The rate of this reaction depends on the concentration of 
the complex of ATPase with Mgt+, Na+ and K+ which m 
turn depends on the concentration of these ions If they 
are below certain optimum concentrations, variations m 
their concentrations will greatly affect the rate of util- 
ization of ATP. 

(3) The energy may also be utilized by tho following 
coupling processes 





P+8s P 8 
Zz 
\ 
ATP’ ATPase ADP+P, 


Two other phenomena are associated with active 
transport processes One is tho resting potential of the 
coll and the other 1s transmission by nerves In the 
resting state the ions are partly in the bound form and 
partly in the free state Due to these complex formations 
there are unegnal distributions of the 1ons on the two 
sides of the cell membrane The protein and other 
macromolecules are contmuously undergoing repeated 
catabolism and anabolism At the time of catabolism 
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of the macromolecules, the 10ns are liberated in the free 
state and these free ions tend to move to the other side 
of the cell membrane to attam equilibrium state How- 
ever, before the ions can attam the equilibrium state, 
the macromolecules are again synthesized and start 
forming complexes with the ions, which, therefore, move 
across the cell membrane ın the reverse direction against the 
concentration gradient ‘Thus there is always an unequal 
distribution of certain 1ons and hence a potential difference 
between the two sides of the cell membrane 

Acetylcholine 1s, n the resting condition, 1n an inactive 
and bound form Its release from the bound state and 
hydrolysis to choline are intimately connected with the 
transmission, along nerves ‘The imitiator in this process 
is either a configurational change m the protem molecule 
binding acetylcholine or hberation of free potassium ions 
from the bound state The free potassium ions then 
accelerate the following process 

K+ 


acetylcholme protean == acetylcholme + protem 


Acetylcholno esterase is present ın conductive tissues 
throughout the whole animal kingdom Tho most 
important feature of acetylcholine esterase ıs the high 
speed at which this enzyme can hydrolyse acetylcholine 
The choline molecules formed cross the cell membrane and 
displace some of tho sodium ions from the bound state 
The free sodium ions enter the cell and cause hberation 
of some of the potassium ions from the bound state 
The free potassium ions from inside the cell start moving 
to the outside medium Also the increased concentration 
of free potassium ions accelerates the resynthesis of acetyl- 
choline 
K+ 
choline + aqstate-———-acetylecholme 
arte acetylase 


Then the revorse processes start, choline coming m, 
sodium tons gomg out and potassram ions coming back 
inside the cell The incoming and outgoimg processes of 
sodium and potassium tons ultimately lead to the transport 
of bioelectric potential There are two different types of 
movement of sodium and potassium ions, one associated 
with normal metabolic processes and the other with 
transmission by nerves The rapid hydrolysis of acetyl- 
cholme by acetyleholine esterase in transmission by 
nerves makes the movement of sodium and potassium 
1ons associated with this process much faster than that 
associated with normal metabolic processes This enables 
the two processes to become distinct from each other and 
leads to the propagation of bioelectrice potential associated 
with transmission by nerves 
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Anorexia produced by Direct-current 
Blockade of the Vagus Nerve 


ACCORDING to a hypothesis presented ın a previous 
communication! a tonic information from hepatic gluco- 
receptors might be stimulating the lateral hypothalamic 
‘feeding centre’ The reduction of this excitatory mput 
by an increase of mtracellular glucose (or some related 
oo m the hepatic cells would mbhibit mtake of 
00 

As the vagus nerves are responsible for substantial 
innervation to the hver* 1t was thought that these nerves 
might be the mam pathways for the afferent discharges 
of these hepatic glucoreceptors Therefore, the blockade 
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of one or both vagus nerves would represent an important 
reduction ın the excitatory mput to the ‘feeding centre’ 
and this would induce mhibition of mtake of food This 
would correspond to an merease of mtracellular glucose m 
the hver such as ıs produced by intraperitoneal glucose 
injections or by myections of adrenaline!.® 

A. total of 45 expermments were performed on 8 adult 
cats with chronically implanted electrodes m one or both 
vagus nerves In one of the cats, electrodes wero also 
implanted m the glossopharyngeal The animals were 
conditioned to reach for food when four l/sec flashes 
were applied In the experimental trials, direct current 
of 06-15 mamp was applied through the implanted 
electrodes after the second flash The current mntensities 
were previously confirmed to block nerve conduction 
in the vagus m acute experrments The ammals were 
tested after a 24-h fastmg penod 

In several control experiments ıt was observed that the 
cats ate eagerly all the meat portions (twenty) given to 
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` them When direct current was apphed to erther or both 


vagus nerves after the second flash, the cats did not reach 
for the food but remamed im the resting position After 
the cessation of the current, the animals did not eat for a 
period of 5-10 min even ıf the flashes were repeated 
When direct current was applied to the glossopharyngeal 
mstead of the vagus, the animals’ feeding behaviour 
was not modified 

The foregomg results establish that a direct current of 
sufficient mtensity to block nerve mmpulses is capable of 
producmg immediate anorexia when applied to the vagus 
but not when apphed to the glossopharyngeal This does 
not provide any direct evidence of the existence of hepatic 
glucoreceptors, but does indicate that some nervous 
information related to food-intake regulation 1s coursing 
the vagus, which agrees with the aforementioned hypo- 
thesis 

It was shown by one of us m another communication‘ 
that, 1f the direct current apphed to the vagus 1s pro- 
longed sufficiently, the animals enter into natural electro- 
encephalographic sleep, mdicating the close interrelation- 
ship existing between the regulatory-mechanisms of 
appetite and sleep, as pointed out by Soulairac® 
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PHARMACOLOGY 


Anti-anaphylactic Action of Acetylsalicylate in 
Guinea Pig Lung 


HISTAMINE, plasma kinins and slow-reacting substance 
(SRS-A) are released or produced im anaphylaxis}? In the 
guinea pig, intravenous myection of each of these sub- 
stances causes bronchoconstriction’> The bronchocon- 
striction mduced by kinins or SRS-A 1s readily prevented 
by acetylsalicylhe acid or its salts (acetylaalicylate), but 
not by mepyramine, whereas that mduced by histamine 
18 prevented by mepyramune, but not by acetylsalicylate4-’ 
These facts suggest that both drugs together might pro- 
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Table 1 REDUCTION OF ANAPHYLACTIO BRONOHOCONSTRICTION IN THE GUINEA PIG BY ACETYISALICYLATE AND MEPYRAMINE 





re rt a | aiaa TH aN erred e e a a i ff e le 


a_a Ais | Stee T—es APN TG 


Exp No No of Treatment 
animals 

1 a 35 E (2) 
b 73 M (5) + E (2) 
a 18 E (2) 

2 b 18 A (1) + # (2) 
c 18 A (4) + E (2) 
g 18 A (18) + E (2) 
a 25 E (2) 

3 b 20 M (2) + E (2) 
4 20 A (8) + E (2) 
d 20 A (8) + M (2) + E (2) 
a 16 M (2) + E (2) 

4 b 17 A {1) + M (2) + £ (2 
c 16 A (8) + M (2) + E (2) 





+ 
+ 
+ 
M 


A, Sodium acetylsaleylate, E, egg albumen, 


Geometric mean 95 per cent 
üi response fiducial limits Significance of difference 
mm 
44 29-65 a@versushb P< 001 
21 16-28 
75 61-93 @ versus’, P <01 
44 26-73 b versuse, P > O1 
26 16—44 a versus c, P < 0001 
28 17—46 a versus d P < 0002 
50 34-73 aversusb P<Q1 
28 16-48 bversusd P < 0001 
20 9 6-41 a@versusc P < 005 
58 3 8-8 7 c versusd P < 001 
14 8 2-24 @versusc, P < 0005 
12 8 0-17 aversisb P>OQOl 
45 2 9-7 0 b versuse P < 0005 
, mepyramıne maleate, ın parentheses, doses in mg/kg mtravenously, acetylsalicylate being ex- 


pressed as weight of acid and mepyramune, of base Acetylisalicylate was given 15 min and mepyramuine 10 min before egg albumen 


tect guinea pigs agamst anaphylactic bronchoconstriction 
and that each drug separately might have a partial pro- 
tective action Although mepyramine has been shown 
to exert some protection®*, previous attempts have failed 
to show that acetylsalicylate® or salicylate’? were 
effective Stresemann”! has recently reported that amido- 
pyrine, phenazone and phenylbutazone partially pro- 
tected gumea pigs agamst an aerosol of antigen; but 
large doses of drug were needed and he considered the 
effect non-specific The present communication describes 
a fuller investigation of the action of acetylsalcylate 
against anaphylactic bronchoconstriction m the gumea 
plg 

Konzett-Rossler!? preparations of guinea pigs sensitized 
to egg albumen were set up as previously described‘, to 
record pulmonary resistance to mflation, except that the 
side vent of the recording apparatus was automatically 
clamped for 7-9 sec durmg each 4 mim to inflate the 
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No. of animals 
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Response in mm 
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Fig 1 Frequency distribution of the sive of the bronchoconstrictor 

response to antigen in the guinea pig after (a) no drug, (b) mepyramine, 

2meg/kg, (c) acetvisalicylate, 8 mg/kg, (d) acetylsalicvlate, 8 mg/kg + 
mepyramine,2 mg/kg Results from Exp 3 of Table 1 


lungs more forcibly All treatments were intravenous 
and all animals received egg albumen, 2 mg/kg Some 
animals were also given mepyramine maleate, 2 or 5 mg 
base/kg, 10 mm before egg albumen, some animals were 
treated with sodium acetylsalicylate 1 or 8 mg acid/kg, 
15 min before egg albumen, some animals received both 
drugs From the record of resistance to pulmonary mfia- 
tion obtained from each animal, the maximal excursion 
within 2 min of myecting antigen was measured 

Table 1 summarizes the results of four experiments in @ 
total of 314 guinea pigs The first experiment confirmed 
that mepyramine reduces anaphylactic bronchoconstric- 
tion The second experiment showed that acetylsalicylate 
also was active and the third that both drugs together were 
significantly more effective than either drug alone In 
the fourth experiment, in mepyramuine-treated anunals, a 
relationship was shown between the dose of acetyl- 
salicylate and the extent to which bronchoconstriction 
was reduced 

Fig 1 expresses the frequency-distribution of the size 
of response to antigen among the guinea pigs in experi- 
mont 3 of Table 1 It shows that, after ether mepyr- 
amine or acetylsalicylate alone, anaphylactic broncho- 
constriction was slight in some animals and mtense in 
others, whereas after both drugs together ıt was always 
sight This finding suggests that those animals which 
were not protected by mepyramine alone would have 
been protected by acetylsahcylate and vice versa The 
previous attempt! to show the protective action of acetyl- 
salicylate in anaphylaxis may therefore have faled because 
the guinea pigs used happened to have been almost com- 
pletely protected by mepyramme In the present experi- 
ments, many more anmals were used, among which an 
appreciable number were resistant to mepyramuine 

In the foregoing expermments, the possibuity that acetyl- 
salicylate may have acted by inhibiting release of Inst- 
amine can be dismissed, beeause this requires a relatively 
high concentration of drug? and because ıt would not 
explain the synergism of acetylsalicylate with mepyramuine, 
which 1s a much more potent mhubitor of histamime libera- 
tion ın gumea pig lungis The possiblity that acetyl- 
salicylate may have acted by mhıbıtıng formation of 
kinins and/or SRS-A cannot be dismissed, but, at the 
doses effective against anaphylactic bronchoconstriction, 
such an action has not been demonstrated m the guimea 
pig in vwo Acetylsalicylate itself constricts rather than 
relaxes guimea pig bronchioles It does not antagonize 
the bronchoconstrictor action of histamme, acetylcholine 
or 5-hydroxytryptamme, but ıt does antagomze that 
of kmuins*s.? and of SRS-A, probably competing with 
kmms for receptor sites on bronchioles!® In view of 
these facts, the present findings mdicate that kmins and/or 
SRS-A contribute to anaphylactic bronchoconstriction m 
the guinea pig and that acetylsalicylate lessens this effect 
by antagonizing one or both of these substances at their 
receptors m bronchial muscle If the anti-asthmatic 


178 


action of acetylsalicylic acid m man, recently demonstrated 
by Stresemann™, resembles m mechanism its anti- 
anaphylactie action m guimea pig lung, this drug might 
be expected to be more effective m bronchial asthma 
if given together with an anti-histamime 
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Effects of «Methyl DOPA and DOPA on the 
Amphetamine Excitatory Response in 
Reserpinized Rats 


In the course of investigations into the actions of 
certain anti-depressant compounds on the excitatory 
response to amphetamine ın rats!, we have found that 
L-a-methy]-3,4-dihydroxyphenylalanine («-Me DOPA) an- 
tagonizes the reserpine-induced modifications to the 
amphetamine response, but that the observed effects of 
this interaction are completely different if the «-Me DOPA 
1s given after, rather than before, the reserpine 

The excitatory response of male albino rats (Tuck 
Wistar strain), 160-240 g, to dl-amphetamime sulphate 
§ mg/kg (mtraperitoneal) was scored on the following 
arbitrary scale: 0, rat asleep, 1, alert but not moving, 
2, moving around the cage, 3, stereotyped sniffing at bars, 
4, licking bars, 5, ‘mock’ bitang (momentarily touching 
bars with teeth), 6, gnawing bars Half values were 
scored for appropriate responses The individual scores 
for each of four rats m a group were noted and summed 
every half-hour (maximum score = 24) for 5-6 h after the 
amphetamine injection The scoring was performed by an 
operator who did not know what treatment the anmals 
had received, 

Amphetamine in the dose used caused a moderate 
excitatory response, with all rats sniffing, rarely licking 
and never biting, the effect lasted 4-5h (Fig 1) Treat- 
ment of the rats with «-Me DOPA. 400 mg/kg (:ntraper- 
toneal) 2—3 h before the amphetamine reduced its response 
shghtly, uf given 18 h before amphetamine, «-Me DOPA 
d'd not modify the response at all Reserpme 2 5 mg/kg, 
myected intraperitoneally 18 h previously, markedly 
accentuated the amphetamine response both in degree and 
rate of onset, but reduced ıt m duration When the two 
treatments were given to the same rats, however, two quite 
different responses to amphetamine could be obtained, 
depending on the order of myection of the reserpine and 
-Me DOPA 

(1) If «-Me DOPA. was given just before reserpine (that 
is, a6 18 5 and 18 h respectively before amphetamine), the 
amphetamine response resembled that m untreated 
animals—that is, the modifications to the response 
induced, by reserpine were abolished by a-Me DOPA 
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(2) If «-Me DOPA was injected 2 h before amphetamine 
into rats which had received reserpme 16 h earher, all 
signs of excitation were abolished The rats sat immobile 
except for occasional stretchmg motions, and made no 
stereotyped sniffing or biting movements This blockmg 
effect of reserpine and «-Me DOPA was not seen in rats 
treated with the mono-amine oxidase mhibitors malamide 
100 mg/kg or tranyleypromme sulphate 5 mg/kg 1 5-9 h 
after reserpine 

The blockade of the amphetamme response by reserpme 
and «a-Me DOPA could be ‘reversed’ by a subsequent 
subcutaneous injection of pt-DOPA 20-50 mg/kg given 
05-15 h after amphetamme (Fig 2) The consequent 
excitatory response was indeed often greater than that to 
amphetamine after reserpine; the rats would spar and 
fight, or bite the bars of the cage strongly and incessantly 
This ‘reactivation’ effect lasted about 25 h, endmg 
abruptly 5-Hydroxytryptophan 50 mg/kg or dopamime 
100 mg/kg did not induce this effect Injection of DOPA. 
to rats given reserpine and «-Me DOPA only, without 
amphetamime, caused some mecreased alertness and sensi- 
tivity to noise, but little motility and no signs of stereo- 
typed sniffing movements (Fig 2) Similarly DOPA did 
not significantly merease the exertatory response to 
amphetamine alone m normal or ın reserpinized rats which 
had not been injected with -Me DOPA. 

The observation that, after prior treatment with 
a-Me DOPA, reserpine no longer modifies the pattern of 
amphetamine excitation m rats offers further evidence to 
that presented by Neca? and Day and Rand? that «-Me 
DOPA can in some way antagonize certam actions of 
reserpine, possibly by 1ts metabolites takmg over some of 
the physiological roles of their non-methylated analogues. 
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Fig 1 Time-course of the excitatory response to amphetamine in 
groups of 4 rats For scale, see text (maximum = 24) x, Amphet- 
amine only (shaded area = 95 per cent limits of error), ©, reserpme 


18 h before amphetamine, A, a-Me DOPA 2 h before amphetamine; 
M, reserpine 18 h, plus a-Me DOPA 2 h before amphetamme, C], a-Me 
DOPA 18 5 h plus reserpine 18 h before amphetamine 
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Fig 2 As Fig 1 WE, Reserpme 18 h plus a-Me DOPA 2 h 


before amphetamine, Mi--~~B, reserpine 18 h plus a-Me DOPA 
2h before amphetamine plus DOPA injected at arrow, [}-——{7j, T 


E- 
serpine 18 h plus a-Me DOPA 2 h before saline plus DOPA at arrow 
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oo (maximum: = 168); rats given reserpine 18 h and a-Me DOPA 2 h 
-oo before and DOPA 1:5 h after amphetamine. Abscissa, lower: dose 

of o-Me DOPA (solid lines); upper: dose of DOPA (broken lines) 


56 150 


= reserpine prevents the bradycardia normally induced by 
-~ reserpine im rats, and in such animals a subsequent 
injection. of imipramine no longer produces a marked. 
> tachycardia. as it does in rats given reserpine only!.) 
When «-Me DOPA. is injected after reserpine and only 
1-48 h before amphetamine, however, the combined treat- 
ment completely abolishes the excitant action of amphet- 
amine. Under these conditions reserpine therefore 
appears to synergize the inhibitory action of «-Me DOPA, 
_. which is only slight by itself (although it can be increased 
= somewhat by the use of higher doses than those reported 
here). 
We have obtained. certain indirect evidence which 
_ suggests that, in this test, amphetamine may act at least 
-~ partly indirectly, via mechanisms involving catechol- 
amines and/or 5-hydroxytryptamine. (For example, its 
action is markedly accentuated by imipramine-like drugs, 
—— and prolonged by MAO inhibitors; it is reduced by 5-HT 
antagonists, lysergic acid and brom-lysergic acid diethyl- 
amide, and. abolished by tetrabenazine.) It seems 
~ reasonable, therefore, to suggest that the inhibition of 
-. amphetamine excitation by reserpine and «-Me DOPA 
may arise from a summation of their effects in depleting 
the brain of active amines. Possibly «-Me DOPA inter- 
— feres with amine synthesis, binding or uptake at certain 
target sites of amphetamine action which are not entirely 


~ depleted of amines by reserpine (although tetrabenazino 
































since the degree of excitation produced by DOPA in 
vinized rats in which the amphetamine response has 
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thiocyanate. 


which may be considered as 3,4-dihydroxy-amphetamine) 
can be shown to exert a stimulan 








action is obviously complex and demands further investi- 
We wish to thank Merck, Sharp and Dohme (Dr. . i 

Morry) for generous supplies of «-Me DOPA and Dr. H. 

Blaschko for helpful comments. no 3 
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Neuropathological Changes in Chronic . 
Cyanide Intoxication A 

Tue presence of a small metabolically active pool of 
cyanide in the body is now well established. ‘The con- 
version of cyanide to thiocyanate was first demonstrated in 
18941. Although thiocyanate is the main excretory pro- 
duct of cyanide, it has been shown that it ean also be 
oxidized to carbon dioxide and formate, and therefore 
cyanide-carbon can enter into the metabolism of one- 
carbon compounds. Using NaCN, it has also been shown? — 
that the radiocarbon appears in the methyl groups of 
choline and methionine and in the ureide carbons of 
allantoin, and some of it also finds its way into the cyano 
groups of cyanocobalamin. pombe ees 

The enzymatic conversion of cyanide to thiocyanate 
was first investigated in 1933*, nearly 40 years. after the 
observation! that cyanide was excreted by animals as 
thiocyanate. The enzyme system was named rhodanese 
and it has been found to be specific for free cyanide 
without action on organically bound cyano groups. 
This property indicates that the excretion of thiocyanates - 
after the administration of organic nitriles results not from. 
a direct action on the nitrile itself, but from HCN which 
had first been removed from the nitrile molecule by another 
mechanism. More recent studies of the distribution of 
rhodanese in tissues* show it to be widely distributed in the 
body, activity being greatest usually in the liver. The 
demonstration of very large amounts of enzyme available 
as compared with the relatively small size of the fatal 
dose of cyanide raises the question of what limits cyanide 
detoxification in vivo. The suggestion has been made that 
this limitation may be set by the availability of sulphur, 
although it seems more likely that the rhodanese system is- 
not geared. to combat non-physiological doses of eyanide, 

Although rhodanese is an efficient antidote against the 
toxic effects of cyanide, there exist other pathwa ys by 
which this may be mediated or assisted. It ha on. 
shown that hydroxocobalamin takes up o; 


























form the harmless cyanocobalamin and ca 
experimental animal against lethal dos 
more, a dietary deficiency of vitamin Bys 
creased thiocyanate excretion and it has bee 


that competition exists between hydroxoco 
rhodanese’. Cyanide can combine with cys 
form 2-iminothiazolidine-4-carboxylic acid’. The forma- 
tion of this acid also occurs in vivo, for on injection of 
potassium cyanide (1-5 ug daily) subcutanec usly int 
rats, the acid can be isolated from the urin ul 
corresponding to 15 per cent of the dose, 

main excretory product (80 per cent o 
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nt action; but the mode of _ 
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rabbit and rats. The presence of thiocyanate oxidase, 
which ensures a persistent trace of cyanide in the blood, 
indicates that in minute quantities the latter is an essential 
metabolite. 

From an experimental point of view, the role of cyanide 
has been invoked as of great importance in the possible 
stiology of domyelination®. 1°, This work may be criticized 
on the grounds that the doses used were compatible with 
the production of lesions secondary to anoxia, due to 
interference with enzyme mechanisms of which cyto- 
chrome oxidase is possibly the most important. It was 
also shown that sodium azide in small doses could produce 
demyelination’, and this work has been quoted"! as being 
the only successful attempt at producing a demyelinating 
disease in animals at all comparable with those observed 
in man. In this connexion it is interesting to note that 
biochemically sodium azide has an action similar to that 
of potassium cyanide. However, azides do not occur 
naturally, and it is difficult to implicate them direetly in 
human demyelination. 

It seemed to us that the effect of much smaller doses of 
cyanide, with a greater time-interval between each dose, 
should be utilized in an attempt to produce central 
nervous system damage. Accordingly, two groups of 
three adult Wistar albino rats were taken, and the three 
experimental animals injected with 0-5 mg of potassium 
cyanide subcutaneously once weekly for 22 weeks. The 
other three were kept as normal controls. After this 
period of time the six animals were killed by lightly 
anesthetizing with ether and severing the great vessels in 
the neck. Blood and livers were collected for vitamin B.: 
and folate activity and the brains extracted for histological 
examination. 

The brains were processed in paraffin and stained with 
hematoxylin and eosin, luxol fast blue, and by the 
methods of Nissl, van Gieson, the phosphotungstic acid- 
hematoxylin stain of Mallory and with a silver stain for 
axons, Weoil’s myelin stain and sudan black. Frozen 
sections were stained with sudan IV. 





Fig. i. 


Degenerated pyramidal cells in the cortex of a cyanide rat. 
(Hematoxylin and eosin x 400) 
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Fig. 2. Degenerated Purkinje cells in the cerebellum of a cyanide rat. 
(Hematoxylin and eosin, x 1,000) 





Fig. 3. Pallor of myelin in the corpus callosum of a cyanide rat. Com- 
pare the intact myelin in the optic chiasma. (Weil stain. x c. 3-8) 


There are noticeable cellular changes in the cortex 
(Fig. 1), hippocampus and in the corebellum (Fig. 2), with 
neuronal degeneration and cell loss in the brains of the 
animals receiving cyanide. There are minimal cellular 
changes in the brains of the normal controls, much less 
important than in the former group, and probably due to 
the anesthesia. Thero is some pallor of myelin in the 
brains of the cyanide rats (Fig. 3), particularly in one of 
them, but whether there is demyelination is difficult to 
estimate, 

The results of this small serios indicate that cyanide in a 
comparatively small dose is capable of producing lesions 
in the contral nervous system of the rat as described. In 
contradistinction to previous work along these lines, the 
animals tolerated the doses given without ill-effect or 
demonstrating manifest evidence of anoxia. It remains 
to be seen whether support has been giventothe suggestion 
that a disorder of cyanide metabolism may be implicated 
in those diseases in which demyelination occurs within a 
picture of vitamin B,, doficiency!®, We have beon 







Ba activity 
Liver | Serum Liver 
“Ga (epg/mL) = (ug/g) 
5:7 185 0-105 
53 110 0182 
5T 115 0-194 
4-8 95 0-188 
57 130 0-073 
48 125 0°148 


n y Potion prierai of liver 
although with the extremely small 
his experiment it is impossible to make a 
son. Nevertholess, the average B,, activity 
the cyanide treated rats is lower than that 
t nimals (Table 1). 
rther work requires the experiment to be repeated 
vith: the addition of cyanocobalamin and hydroxocobal- 
‘amin to two groups subjected to a similar cyanide intake. 
‘If the latter confers protection to the central nervous 

ystem as opposed to the former then even groater ques- 
tion of fundamental interest will be revealed. 


A. D. M. Sarre 
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HAEMATOLOGY 


Use of lon Exchange Resins to alter the 
_ Concentrations of Individual Inorganic 
ee fons in Blood in vivo 
a eee no simple method is available to alter selectively 
th concentration of any ion in blood perfusing an isolated 
gan. “Such a-method would be of considerable value, 
a report on the dèvelopment of a suitable proce- 













hod depends on the fact that an ion-exchange 
ed with a known electrolyte solution will 
reproduce the original ionic concentrations 
lume of a second solution replacing the first. 
© described here has been developed to study 
| of Pita caleium and magnesium concen- 









zene, 20-50 meth doji is Sere by oaled 
ith 5 N hydrochloric acid and 5 N sodium 
alternately. Tl 4 i 
ith distilled. water and air-dried, at room tem- 
A column bont 10L 0 15 g (wnt F eiet) vas this 
ed with about pa 
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oxygen so as a give & aE D of ‘1-4 n — ig 
poured into a conical flask and ‘awinled. ‘with : 
fluid. It is finally transferred to a thick polyviny 
tubing column (15 emx1-6 em) with inlet 
tubes (0-4 em diam.) guarded by fine stainless ste 
The column is rid of all air bubbles by running ne 
equilibrating fluid from below; it is used once only. 

A suitable artery in a heparinized (4,000. units/kg) 
animal is tied off distally and secured proximall: 
aoni tube of the column. The effluent b 
directly into the desired vaseular bed. By. 
calcium and magnesium concentrations in 
brating fluid it is possible to obtain wit 
accuracy any concentrations of these cations m the 
coming off the resin column. The concentrations o ‘sodium, 
potassium and hydrogen in the blood plasma are not _ 
affected significantly. Other workers have noted absence 
of changes in various chemical and cellular components E 
of blood following its passage through the resini, : 











Table 1. CATION CONCENTRATIONS IN RESIN Hoonimeanixa Feu, a 


Systemic BLOOD AND EFFLUENT BLOOD IN .. 
(the last-named values are representative of. jovet obtained. with perfusion : 


for morë than 3 : 
Exp. Specimen Ca Mg K: a pH 
No. mein) ee 
i Equilibrating fluid 32 04 145 Be 
Systemic plasma FR 1-2 151 PI ae 
Effluent plasma 59 07 160 37 me 
2 Equilibrating fluid 36 27 141 B70 R40 
Systemic plasma 59 16 151 Al 289 
Effiuent plasma 6:2 2-7 146 2-9 TAr 
3 Equilibrating fuid 20 13 140 38 ees 
Systemic plasma feb 1-9 “a oe ah see! 
Effivent p +i 13 m= m pa EE 
4 Equilibrating fluld 4-6 14 140 SR ee 
Systemic plasma 56 19 meae a a 
EMmuent plasma To 19 _ _ San 
5 Equilibrating fluid 3-0 1-8 187 Qe S i E 
Systemic plasma 4-6 14 147 Bh BBS 
Effivent plasma 46 17 143 £0 788 


Cation concentrations were estimated by fame špoctro: 
photometer (Zeiss PMM 12) and pH was measured 
anaerobically in a blood pH apparatus (radiometer pH M4 
with macro-Astrup assembly electrode). Table 1 shows 
the concentrations of cations in the equilibrating fluid, 
systemic blood plasma and resin-treated blood plasma in 
dogs. It will be noted that the levels of calcium and 
magnesium in the equilibrating fluid produce different 
plasma-levels in the effluent blood because these elements — 
are partly protein-bound. With the resin column des- 
cribed, it is possible to produce almost constant. cation: : 
concentrations for more than 5 h with flow rates up to 
5 ml. blood/min. Larger columns may be used forg or eater Ae 
flow rates or longer perfusion periods. | a 

It appears that similar methods could be used to altor a 
the levels of other inorganic ions in blood usir tabl 
pre-treated cation or anion exchange resins. 
perfusion of organs and glands, this éelective 
removal of various electrolytes in blood. may 
peutic possibilities. 

We are indebted to Mr. W. J. Dempster an 
of the Experimental Surgery Unit, Postgradua 
School, London, for their assistance. es 
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-group A and group B substances. There have been 
rences in the results reported by different workers. 


ed with Escherichia coli 086:B7 which was phenolized 
and then vacuum-dried. Using both living and treated 
tions, Gonano et al. showed both anti-A and anti- 
iy, but in rather low titre, and their absorption 
ies gave rather disappointing results. 
sy the use of trichloroacetic acid extracts of Escherichia 
86:B7, we were able to obtain sera with much higher 
and anti-B titres than resulted from the use of 
er formalinized or boiled-whole organisms. This 
2 gests, inter alia, that the location of the antigens in the 
ED The use of 
C Antigenic extracts also makes possible more detailed study 
of the antigenic relations and it is hoped to confirm and 
_. expand.our impression that the cross-reaeting Escherichia 
antigens are rather minor components of the cell. 


B. J. Tew Raa 
C. R. MACPHERSON 















cterial cell wall may be of importance’, 
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Male Specific Hemagglutination in Mice 


_ Ir has been found that male skin grafts are rejected 
by female mice in the CS57BL straini. On the other 
hand, it has been well ascertained that an introduction 
of the histocompatibility antigens into inbred mice can 
elicit humoral antibodies to cause hemagglutination 
of the donor red cells. This communication shows that 
‘the sera of female mice sensitized with male tissues can 
_agglutinate specifically blood cells of intact’ male mice. 
.. DD strain mice were used for experiments. The female 
animals were subjected to the following treatment: 
subcutaneous injection of 0-2 ml. testis-Freund’s 
at. emulsion per week for 4-6 weeks. Each of the 
ections contained 15-33 per cent testis homogenate. 
© to two weeks after the last injection the antisera 
lected from the sensitized female mice, and kept 


0° C until the use for the present hemagglutination 












od. cells from the intact male or female mice were 
sted in heparinized Tyrode solution, washed twice 
th it, and finally with Tyrode solution adjusted to 
‘35. These cells were suspended in Tyrode solution 
‘percent. For the test, the antiserum was thoroughly 
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ell-known that certain strains of Escherichia coli 
y 086:B7) are antigenically related to human . 


42 found only anti-B activity in the sera of rabbits. 
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Fig. 1. Hemagglutination of intact male blood cells suspended in anti- 
sera of female sensitized with testis; (1) positive (j—6 antisera x ge 
blood cell); (2) negative (j-—-6 antisera x 9e blood cell) 


the conceivable combinations of the sera and the blood 
cells of the non-sensitized DD mice. 

Out of 40 sensitized females remarkable spleen hyper- 
trophy occurred in 20 animals, of which 7 animals had 
clear haemagglutinations. As shown in Table 1, the 
sera from these 7 specimens agglutinate the blood cells of 
all males tested, but fail to react with those of females, 
except in 2 cases (Fig. 1). It is worth mentioning that no 
instance of reverse reaction was seen at all. Every reac- 
tion shown in Table 1 was easily reproducible. In the 
control series, using sera from non-sensitized animals, no 
hemagglutination was detectable at all. 

These results may suggest that the testis homogenate 
used for the injection might contain male specific anti- 
gen(s), against which the recipient female mice can produce 
humoral antibody(s) to agglutinate the blood cells of 
the male mice specifically. 

It is clear that the 7 antisera shown in Table 1 were able 
to diseriminate male blood cells from those of female; 
in other words, some immunological characteristics of 
blood cells differ between the sexes. (Such an exceptional 
case as 9b obviously needs further investigation.) © 

We thank Prof. S. Asayama of this University for his 
valuable criticism, and Prof. T. S. Okada of the University 
of Kyoto for his advice. 

Mirsuru Furusawa 
Minoru Kotani 
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Induction of Fibrosarcoma in the Primate 
Tamarinus nigricollis 
ATTEMPTS to induce malignant neoplasms in monkeys. 
have not met with the success that has been ‘achieved in 
other species. The rarity of spontaneous neoplasms in 
monkeys suggests that these animals are more resistant 


HEMAGGLUTINATION CAUSED BY ANTISERA FROM THE FEMALE SENSITIZED WITH TESTIS HOMOGENATE IN DD STRAIN Moyse © 0 e 








+++, ++, +, £, Degree of hemagglutination; “=, absenco of hemagglutination. 2 
be due to weak agglutinating capacity of the antiserum (e—L 
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lopment of malignant disease than man and 
ecies. ‘There have been no specific references, 
', to the use of the South American marmoset, 





nus nigricollis, in the experimental induction of 
plasms. A recent review by Kent! indicates that 
apts at the production of malignant disease by the 
cation of polycyclic hydrocarbons in monkeys have 












>» injected 2 mg of 2-methylcholanthrene in olive oil 
putaneously into the forearm of 5 marmosets of the 
species T. nigricollis. Three animals, which died of upper 
espiratory infection approximately one month following 
pplication of the carcinogen, showed no changes at 
6 site of the implantation. One animal is still alive and 
no changes at the site of the methylcholanthrene 








the 


rests on a highly cellular tumour composed of fibroblast 

cells, The nuclei vary in size, shape and staining qualities. 

Some nuclei appear spindle-shaped and others are ‘round 

or oval, and occasional typical as well as atypical mitotic 

figures are seen (Fig. 2). This lesion has the histological 

-v appearance of fibrosarcoma, although it did not meta- 
atasize. 

= = Because this type of reaction to methylcholanthrene is 

apparently rare in primates, I think it is important to 








h _ Fig. 1. Photomicrograph of skin illustrating the seborrhæœie keratosis- 
. like pattern of the epithelial change 




















2, Photomlerogtap of the tumour showing pleomorphic fibro- 


blastic cells wi casional mitotic figures 
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report the finding now. Further work concerning the 
production as well as the transplantability of tumours 
produced in marmosets by methylcholanthrene and other 
polyeyclic hydrocarbons is in progress. 

This work was supported in part by grant DE 01699 
from the National Institutes of Health, U.S. Public Health 
Service. 

Barnet M. Levy 
Dental Branch, 
University of Texas, 
Houston 25. ; 
! Kent, Sidney P., Ann., N.Y. Acad. Sci., 85, 819 (10860). 


Particular Carcinogenic Activity of F-nor- 
Steranthrene oa 
Srxog the discovery of the polycyclic chemical structure 
of cholesterol on one hand, and, on the other, of the 
carcinogenicity of 3-methyleholanthrene, it has often — 
been postulated that certain types of cancer might be 
due to some abnormality in the metabolism of cholesterol — 
and bile acids, resulting in the formation in the body of- 
one or several carcinogenic polycyclic bydroearbons!.. 


Along these lines, Bergmann? pointed out the theoretical a 


possibility for cholesterol (I) to be cyclized, with dehydra- 
tion and dehydrogenation, into the hypothetical. hexa- 
eyclic hydrocarbon (IT), which he named ‘steranthrene’- 


CH, 
: 


N 


CH,—HC 
| 
CH, 





(since, the word ‘steranthrene’ has been used. to designate 
the non-methylated basic hydrocarbon). Although 
experimental evidence for the existence of such a biochem- 
ical transformation is still lacking, it was of great interest 
to examine hydrocarbons of the steranthrene group for- 
carcinogenicity. One of these hydrocarbons, ‘angular’ 
steranthrene (III), was recently investigated in mice by 
Dannenberg’, and found to produce spindle-cell sarcomas 
by injection and epitheliomas by painting the skin; 
the substance showed approximately the same degree of 
activity as 3,4-benzopyrene and 3-methylcholanthrene. 
We report here the results of our experiments o ier 
such hydrocarbon, F-nor-steranthrene (IV), the. s 
thesis of which has recently been described*, | 
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Mice belonging to strain XVII ne) Z (Radium Institute) 
were divided into four groups: 8female mice aged 6 months; 
7 females of 3-4 months; 7 males of 6 months; and 7 
males of 3 months. They all received, by subcutaneous 
injection in the same area of the flank, 3 injections. of 
0-6 mg of substance (IV) in 0-2 c.c. olive oil, one month. 
elapsing between each injection. Table 1 gives the results » 
with the three first groups; the fourth group had to be 
killed before any tumour had appeared because ofan - 
outbreak of severe infection in the cage. 0. 

These results are of two-fold interest. T 
(1) That #-nor-steranthrene is an extrem 
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Table i. CARCINO@ENIG ACTIVITY OP F-NOR-STERANTHRENE 


~~ Date of No of 
D _ : &@ppearance animals 
No. of 


“of first develop- Length of Type of tumour 
animals. and last ing survival 
es tumours tumours 


7 Group 1. 9 Mice aged 6 months at start of experiment 
8 70-90 days 6 81-110 days Mammary epitheliomas, 4 
a l Epithelioma + sarcoma, 1 
Sarcoma, 1 
E ai Group, 2. % Micejaged 3-4 months 
“oe 85-90 days 6 100-126 days Mammary epitheliomas, 2 
oe Soh : Epithcliomas + sarcomas,3 
Ee Sarcoma, 1 
Group 3. 3 Mice aged 6 months 
T 80-100 days 7 100-132 days Sarcomas, 7 
* One animal still alive with no tumour after 6 months. 


garcinogen with a purely local action; given by subcu- 
taneous injections, it induced the early development of 


i : fast-progressing sarcomas which provoked death in about 


15 days; (2) that in the female mice, the cancer most 
frequently obtained and earliest to appear is an epider- 
moid parakeratotic epithelioma which starts in the 
exeretory ducts of the mammary gland, and which is 
often associated with a sarcoma. All the stages of epi- 
dermoid metaplasia of the mammary ducts are observed, 
terminating in cancerization. 

It should be noted that no spontaneous mammary 
eancer has ever occurred in the strain used, and none of 
the numerous carcinogenic hydrocarbons hitherto tested 
on mice of this strain had produced a mammary tumour; 
the only mammary carcinomas observed in this strain 
had been induced by X-rays and, as with /’-nor-steran- 
throne, they were epidermoid epitheliomas of the mammary 
ducts’. 

: Wo thank the National Cancer Institute (U.S. Public 
Health Service, Bethesda) for a grant. 
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-c Drastic Morphological Change without Loss 

of Viability in Ehrlich Ascites Tumour 

Cells after Incubation with Strongly Diluted 
7 Formaldehyde : 


Asis repeatedly stated‘, living virulent Ehrlich ascites 
tumour cells (EATC) incubated several hours at 37° C in 
0-9 per cent sodium chloride show normal appearance 
(round cell forms, Fig. 1) and do not lose their viability 

- and virulence. But living virulent EATC, incubated at 
37° ©, 1-2 h, with strongly diluted watery formaldehyde 
solution, show a peculiar drastic reaction of their aspect 
without dying off. This reaction differs in principle from 
the damage caused by anti-Ehrlich-immuno serum, or 
severe osmotic damage which both lead to death of the 
cells, 

Formaldehyde (35 per cent formalin) is diluted with 
0-9 per cent sodium chloride or Krebs-Ringer phosphate 
buffer. The reaction shows up most clearly at a concen- 


a : 2, 19 63 VoL. 200 
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Control: KAT-cells incubated 50 min in 09 per cent sodium 


Fig, 1. : } 
chioride solution}37° ©. {x 610) 


tration of 3 x 10-* M formaldehyde (0-0096 per cent solu- 
tion). At 5 x10- M the effect is much weaker. 

Sixty million virulent tumour cells (seventh-eighth day 
after transplantation) suspended in 0-9 per cent sodium 
chloride were incubated in 1-5 ml. of the formaldehyde 
solution of the concentration already mentioned at 37° C. 
After 10-25 min a part of the cells, increasing from 8 to 
40 per cent, form short spicules. This gives cells the 
appearance of a thorn-apple (Fig. 2). Many spicules 
resemble fine droplets; the longer ones being swollen at 
their ends like clubs. On further incubation, the number 
of the thorn-apple-like deformed cells increases strongly ; 
at tho same time the spicules become longer and may 
change to long finger-like processes that may be nearly as 
long as the diameter of the cells. The longer processes 
may become curved or angular (Fig. 2, 2A); irregular 
swellings appear along the shaft, but especially at their 
ends. 

The short, and also the longer, processes then grow into 
spherical drops of different sizes surrounding the cells in 
all directions. 

For this phenomenon, that is, the formation of drops on 
the cell surface, we suggest the term ‘stalagmosis’ (stalagma 
=drop) (Fig. 3). As the size of the cells thus increases 
strongly, stalagmosis apparently is due to an intake of 
fluid, especially in the peripheral parts. 

The maximal alteration of the cell (formation of ‘thorn- 
apples’ and drops) occurs after 50-60 min of incubation. 
At this time, most of the cells are surrounded on their 
surface with spicules, longish processes and drops of 
small to medium size. The content of the small processes 
and drops usually is homogeneous, but they often contain 
also vacuoles and—at the base—granules of cholesterol- 
esters (Fig. 3). The drop-like processes of the cells are 
analy always attached to the cell-body by narrow 
stalks. fe gait ates 

In spite of the drastic alteration of the. cells and the 
increase of the cell volume due to the processes and drop 
formation, formaldehyde of such small concentration does 
not cause any serious damage to the cell, This can be 
shown by the first fact, that added trypan blue does not 
stain the altered cells after incubation for 1 h (as in c 
trols, there is only 5-8 per cent blue cells). o 00. 

The viability and the unchanged virule f 


The vial the unchanged virulence of the altered 
cells can be proved by the second fact, that their trans- 
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intraperitoneally into healthy mice leads to the 
e animals at the same time as in control animals, 
with untreated tumour cells (death of the mice 


hus giving the usual aspect of EATC. Only in a 
art of the cells do the narrow processes and amall droplets 
ange into bigger drops. They continue swelling and 
rally: rest with a broad base on the cell surface. If the 
death of the cells occurs after an incubation of 5 h and 
more, only about a quarter of the cells show diffuse 
swelling. The uptake of trypan blue slowly increases 

Only after hours. 

It was never observed that, using this concentration of 
= formaldehyde, projections and drops separated themselves 








eee 2. HAT-cells incubated 20 min at 37° C in the diluted formaldehyde 
Sodium. chloride solution. All cells show spicules on their surface: 
co “‘thorn-apple’ (x 600). A, Thorn-apple-like cell with long curved 
aN processes (x 710) 





Fi 


. 3. EAT-cells, incubated 50 min 37° C in the diluted formaldehyde 
dium ‘chloride solution. “$S 


) talagmosis’: all cells show small droplets 
nd drops òn their surface; many of them contain vacuoles or chol- 
=> esterol ester-granules on the bases. (x 945 phase contrast) 
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from the cells (‘stalagmoptysis’) as they do under the 
action of higher aliphatic aldehydes. This phenomenon 
will soon be described in detail elsewhere. 
The foregoing changes in morphology of the cell caused 
by highly diluted formaldehyde thus differ, both morpho- 
logically and biologically, from the irreversible alteration 
of the EATC due to osmotic disturbances (distilled water) 
or to anti-Ehrlich-immuno serum‘-* since these agents 
cause in a few minutes diffuse membrane damage with 
much stronger swelling and enlargement of the cells 
whereby big and circular clear cytoplasmic ‘blebs’? and 
‘blisters’* are formed surrounding the cytoplasma like 
yards (swelling yards). The result is the death of the cells 
through lysis within a short period of time’. 
M. RATZENHOFER 
J. ZANGGER 
Institute of Pathological Anatomy, 
University of Graz, Austria. 
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IMMUNOLOGY 
Antibodies in Thymocytes 


FRAGRAEUS was not able to show plasmocytes in normal 
thymus?! ; nor did she find plasmocytes in thymus after 
antigen injections? After removal of the thymus in adult 
rats the antibody production is unchanged’. In spite of 
these results which ascribe no important influence on 
antibody production by the thymus there are still several 
elinical signs which lead to the conclusion that the thymus 
takes part in antibody production. Milton‘ has noticed 
a strong barrier between thymus and blood circulation; 
he found that this barrier must be damaged so that anti- 
gens can reach thymocytes. After thymectomy of new- 
born 5-12 days old mice Milton found no germinal centres 
nor plasmocytes in lymph nodes. The purpose of this 
investigation was to establish: (1) if there are cell-fixed 
antibodies in thymocytes; (2) if there is a difference 
between an antibody stimulation with pure antigens 
and antigens mixed with Freund’s adjuvant and alum 
precipitated antigens, 

For every kind of immunization, 10 male rabbits o 
2,000-3,000 g body-weight were used. | 

Group I: Injection of bovine albumin three times a 
week. First injection (containing 3 mg albumin) was 
applied intraperitoneally; the later injections contained 
1:5 mg and were given subcutaneously. After a course 
of 4 weeks’ injection the animals received a booster injec- 
tion of 3 mg albumin intraperitoneally 14 days after the 
last injection. Four days later the animals were killed and 
the blood and different organs were collected. Groups IT and 
III received the same course of immunization but they 
were given only 1 mg protein. This protein was mixed with 
Freund’s adjuvant in Group II and alum in group III. 
Group IV served as untreated controls. 

The thymus was removed immediately after death of 
the animals and cut in slices 2 mm thick. These slices were 
incubated with Krebs-Ringer solution. Thirty min later, 
the cells were isolated by filtration through two layers of 


‘ gauze and washed 4 times with Krebs-Ringer solution. 


The concentration of the, cells was fixed to 10 million per 
mm. In every case the peripheral blood was controlled 
for cellular composition. 

For measuring antigen absorption on thymocytes, one 
y iodine-131 marked bovine albumin dissolved in 0-2 ml. 
Krebs-Ringer solution was added to 1 ml. of cells and this 
mixture was placed in an incubator for 1 h at: 37°C. 





ches 










. of antibody-containing cells, but does not 
» absorption through cells of untreated control 
‘The methanol treatment was carried out as 
fter centrifugation of the cell suspensions at 
1. by 4° C in 1 ml. of absolute methanol. After 
5 min at room temperature, the cells were 
uged again, twice washed with Krebs-Ringer 
ion and suspended in 1 ml. buffer solution. Bovine 
n (Swiss Red Cross) was used labelled with 
131 following the method of Dubert, Coursaget, 



















Fallot and Royer’. 

For the precipitation test the classical methods of «- and | 
De -precipitation were used’. td ALAN 
=o The results are summarized in Figs. 1-3. Fig. 1 shows the Norm. Alb. 
_ absorption of radioactive marked bovine albumin on Fig. 3 
thymocytes. The amount is expressed in counts per min 7 boi 

of 10° cells. Fig. 2 refers to the percentage of the absorbed albumin to the resting amount of radioactivity in the 
ee supernatant. Fig. 3 shows the absorption in respect to 
oe Bev Nh Adsorption the. DNA maA, this means radioactivity irea per - 
oe he 10$ Thymocytes en tien Min with respect to 10 mg of thymus DNA. 
eS BSD 
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The figures show clearly that the thymocytes of the 
hyper-immunized rabbits absorb significantly higher 
amounts of isotope-marked antigens than thymocytes of 
control animals. There is no highly significant marked 
difference between the variously immunized animals. 
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in a number of mammalian specie 
allergic lesions of the thyroid has not 
produced in non-mammalian species. The 
here deals with the induction of thyroic 
means of homologous thyroid tissue in con 
adjuvant. 000 EES 
-Thyroids were removed from norm, 




























ee ae 5 Ae i. Above, normal appearance of chicken thyroid; below, eects 
aot aero gland in experimental allergie thyroiditis {x e. 20) 


Be ond: one part of complete Freund’s adjuvant. Adjuvant 
< Contained 1-5 vol. of ‘Arlacel A’, 8-5 vol. of paraffin oil and 
= E mg/ml. of dried M. tuberculosis. Rhode Island Red 
chickens at the age of 10 weeks were injected subcutan- 
= eously by way of two foot-pads (a total of 5 mg of lyo- 
 philized thyroid extract per chicken). Skin tests were 
carried out 21 days after the sensitization. For this 
purpose homologous thyroid extract. was prepared as 
described here and centrifuged for 1 h at 2,500 r.p.m. 
. The supernatant fluid was injected intracutaneously in the 
_ wattle (0:1 ml. injection), and the reactions were observed, 
abt 24, 48 and 72 h. The birds were bled before death, 
Borum separated, and anti-thyroprotein antibodies determ- 
ined by passive hemagglutination reaction? using tanned 
~. formalinized sheep erythrocytes. The cells were sensitized 
~ with saline extract of chicken thyroid in a proportion of 
Im. of cell suspension to 0-5 mg of antigen. To meet the 
requirement of fowl antibody for complete precipitation, 
8 per cent solution of sodium chloride was used as diluent’. 
es The experimentation was terminated 30 days after the 
= oh fe injection, thyroid glands were removed, pro- 
cessed. through parafin embedding, and stained with 
hæmatoxylin-eosin and methyl-green-pyronine. The 
severity of thyroiditis was graded on an arbitrary scale 
ranging from + to + -+-+ +, based on the degres of 
: aillean of thyroid tissue with mononuclear cells. 

























Table 1 EXPERIMENTAL ALLERGIC THYROIDITIS, DELAYED HYPER- 
SENSITIVITY AND ANTIBODY FORMATION TO HOMOLOGOUS THYROPROTEINS 
3 IN CHICKENS 


"Chicken No. Severity of Delayed Reciprocal 
‘thyroiditis senaitivity * antibody titre 

gi a. + ++ 0 
ae es $4 J 0 
og + t Q 
4 + + t 0 
NE: S 9 ü ğ 
6 E 9. 9 
7 +++ + + + 2 
8 ++ + 8 
g + 0 2 
40 + + g 
t Ea aie a +e 9 


* i&-h reaction. 


Tablo 1 records the. experimental allergic thyroiditis, 
elayed hypersensitivity and antibody formation to 
aang in chickens. Out of eleven birds, nine 


$ Cof OON re cells (ii Eight "eonteol 
inoculated with soar a adie uvant alone and 
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wattle reactions. Contrary to that, m T een 
antibody titres could not be correlated with thyroiditis. 

Thyroiditis of moderate intensity was. characterized 
by several foci of cellular inflammation located frequently 
in the peripheral areas of the gland. However, in advanced 
disease the lesions were quite diffuse (Fig. 1). .Th EI 
dominating cellular elements of a mild lesion were hi toe 5 
cytes and lymphocytes, whereas in severe. thyroiditis - 
histocytes, lymphocytes, plasma cells, macrophages, poly- 
morphonuclears, epithelioid cells and fibroblasts- 
found. The inflammatory process brought abo 
reduction in size of follicles, many of them being filled. 
with histocytes, macrophages and leucocytes. In areas of 
dense mononuclear infiltration the follicles were totally 
destroyed. It should be mentioned that the histological 
appraisal revealed in one case the presence of a small — 
ectopic thymus and a lymphoid mass resembling the 
germinal centre of the spleen. However, these lymphoid 
islands were clearly distinguishable from the cellular 
make-up of the thyroiditis lesions. 

This work was supported by grants from the Yugoslav . 
Foundation for Scientific Research. 
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RADIOBIOLOGY 


influence of Lactation on the Retention of. a 
Single Dose of Strontium-90 in Rats — 


In previous investigations’-*, it was found that the- 
retention of radiostrontium after the lactation period Rio 
days post partum) was 45 per cent lower than that of virgin 
control rats when the isotope was injected into the preg- 
nant rats 3 days before delivery. It was not clear, how- 
ever, how much of this loss was due to a decrease in 
uptake of strontium-90 into bone or to other Processes 
restricted to the time immediately after uptake or to a 
process still ruling after this initial period. 

In contrast to the experiments already mentioned! in i 

the experiment recorded here the isotope was: injected 
within the day after delivery. The phase of initial incor- 
poration into the skeleton was assumed to be finished 
before the third day after injection. At this time the 
amount of strontium in blood is less than 0-001 per cent 
of the injected dose and the retention in bone is. declin- | 
ing’~?. Therefore, two groups of animals were k : 
days, two further groups 21 days after injectio k 
isotope. This experimental arrangement 
estimate of net removal of strontium-90 
during this period by comparing radioactivity ¢ 0 
femora at these times. pe ea 

Virgin rats and dams of the same age nursing litter r of 
4 juveniles were subdivided in groups as indicated in — 
Table 1. The animals were albino rats of the Heiligenberg 
strain. 10 yc. of practically carrier-free strontium-90- 
yttrium-90 chloride contained in 0-5 ml. of physiological . 
saline were injected intraperitoneally to each of the adul Be 
rats. Both femora of the females were ashed dry. Radio- z 
activities and weights per femur aro given in Tab oe 

Retention of strontium-90 in the skeleton of 
was 49 per cont of the injected dose (retention 
= retention of femur x 20) 3 days after inject 
same time, the nursing animals retained 41-6 
injected doso. Twenty-one days after t 
activities were 35 per cent of ‘the i ane ted dose for virgin 
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* Means with single standard deviation. 


ts, 20:8 per cent for nursing rats. The difference of 

ctivity relative to the injected dose, therefore, 
nereased from 7 to 14 per cent during this time. Relative 
to the 3 days’ value the retention of strontium-90 decreased 


29 per cent within the control group, 50 per cent within 
the lactating group. Ash-weights of the femora of lac- 
- tating animals relative to those of controls were found to 


: be reduced at the end of the experiment (P< 0-05). The 
observed increase of the mean ash-weight of the femora of 


~ eontrols and the decrease of that of the nursing rats were 


not significant (P<0-1). The concentrations of radio- 
activity decreased 33 per cent in the controls and 49 per 


¿eent in the lactating group. 


The results demonstrate a considerable capacity of 
nursing rats to mobilize radiostrontium from their skeleton 
later than 3 days after injection of the isotope. 


W. E. Kori wer 
H. Krieoen 
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| oe Biological Half-life of Cæsium in Man in 


Acute and Chronic Exposure 
_ Tur biological half-life of an element in man is needed 
for the calculation of maximun permissible concentra- 
tions in air and water of radioisotopes of the element. 
_ An important assumption in making such calculations is 
that the body content during chronic exposure may be 
predicted by mathematical integration with respect to 
time of the equation describing the retention following a 
ingle acute intake. This hypothesis has never been tested 
The results of recent investigations here demon- 
» the essential correctness of the assumption for 
-~ radioisotopes of cæsium. 
-oo In an investigation of the retention of cesium in man, 
te mal volunteer subjects took by mouth a single dose 
g cesium as the chloride. in aqueous solution con- 
bout 0-6 we. cesium-132 and 0-1 uc. emsium-134. 
jon was determined by excretion analysis and 
body radioactivity measurement’, and during the 200 
days that have so far elapsed it could be described by the 
rai of two exponential functions of time, of the general 
orm: 






































Ri = (l—a)e-At + gorit 


where R; is the fractional retention at time t days, ais a 
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191 239 + 5 175 + 009 | 076 + O04 
| Tit [ 87+ 
244 | 246 + 13 2-08 + 0-09 1 O86 + 0-08 
215 : 220 + 6 1-04 + 0-07 | 0-48 + 0-03 
E a 
l l a a 


values of a, 4, and à; observed by us were somewhat 
variable among the ten individuals, and the means and 
ranges are shown in Table 1. 7 | 


Table 1.. VALUES OF @, 4, AND J, AND THE CORRESPONDING BIOLOGICAL 
HALF-LIVES FOR TEN NORMAL SUBJECTS, FOLLOWING ACUTE EXPOSURE 


Biological half-lives 
& Ay As Ti Fy 
day day“ days days 
Mean 0-928 0-693 (00779 1-0 39 
Range 0-88~0-95 9-57 7-0-3866 0-00537-0-0119 8-12 88-129 


The retention of radio-cesium has also been determined 
by body radioactivity measurement in the cases of four 
men who accidentally acquired small burdens of cæsium- 
134 or cesium-137. These measurements were begun too 
late to observe the short-lived component, but the reten- 
tion decreased exponentially (for four years in one case) 
until the content had dropped below the limit of detection 
(for cesium-134) or until it was no longer distinguishable 
from the contribution from fall-out. (for cesium-:137). The 
values of +, ranged from 109 days to 149 days*-. 

When chronic exposure continues for several biological 
half-lives, the body content, q, increases to an equilibrium 
value qa given by the equation: 


Ga = 


where m is the daily intake in the same units as g. From 
the values in Table 1 we see that: 


1-a a 
aoe 


and to a close approximation: 


Ga = e 


Ja 


constant and à, and à, are biological elimination constants (8-4 and ie 


in day". These findings are in agreement with those of 
others who have carried out similar investigations’. The 
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Table 2 BIOLOGICAL HALF-LIFE OF CESIUM IN THREE MEN OALCULATED 
FROM BODY CONTENT AND MEAN DAILY BXORETION OF FALL-OUT CÆSIUM- 


No 4902 


Subject R Subject M Subject C 
April April April April 
1959 1961 1961 1961 
q (muc ) 55 2 55 6 4 7 65 
m (mye /day) (urine + 
fæces) 0 081 0 036 0 051 0 042 
a o 885 6 93 0 93 
umed) 
4, (day-*} 0 0130 0 0125 0 0074 0 0051 
t, (days) 53 55 94 136 
ty (days) (from acute 
exposure study) 58 100 aad 


from the gastro-intestinal tract to the blood, of ces1um-137 
ingested in food, was at least 0 9 

The good agreement between the values for t, determ- 
ined by the two methods validates the integrated form 
of the acute oxposure retention equation as applied to 
chronic exposure The detailed results of the acuto 
exposure study will be published elsewhere 
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BIOLOGY 


Second-day Minimum in the Growth Curve 
of Mice subjected to Magnetic Fields 


In a previous communication? it was shown that strong 
static magnetic fields retard the growth of young mice 
The maximum weight difference, relative to identically 
housed controls, 1s reached after 10-12 days of 1esidence 
in a homogeneous field of 4,200 œ strength In the 
first such experiments, conducted m 1948 ın the Institute 
for Experimental Physics of the University of Budapest, 
as well as in the twelve subsequent experiments conducted 
on several hundred mice in the laboratory of the Buo- 
magnetic Research Foundation in Evanston, Ilinois, a 
sharp drop in the weight of the mice was observed on the 
second day of residence in the field, followed by a steep 
increase up to the base line 

To investigate this ‘shock effect’ of the magnetic field, 
six 20-day-old female JRC strain mice were conditioned 
for 18 days to the 3} ın diameter and liv in high cages, 
used in the electromagnet and in the dummy magnets 
ahke The cages had automatic water and food supply 
(Rockland Mouse Diet), the floor of the cages was a copper 
plate covered with ‘Mylar’, thermally insulated from the 
lower pole (or the sumulated pole of the dummy magnets) 
and kept through a thermocireulator at 28° C Between 
cage wall and floor a circular opening provided free move- 
ment for the tails of the mice and helped to sweep excre- 
ments and. food remnants from the cage area When the 
Varian 4-n electromagnet was energized, 1b produced a 
field of 9,400 œ in the centre of the cage and 8,900 œ, 0 51n 
from the cage wall The average paramagnetic strength of 
the field was, therefore, about 15 mega-c*/em Water 
cooling of the electromagnet kept the magnet poles 2° 
below the room temperature of 23°C The dummy cages, 
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Fig 1 Average growth curve of two groups of mice, alternately exposed 
each 14 days, for 196 h, to a vertical field of 9,400 œ 


situated 2 ft fiom the magnet, had identical lighting and 
ventilation conditions 

The six animals were divided into two groups, three m 
the magnet cage and three in the dummy magnet cage 
The following sequence was adopted The magnet was 
energized from 4pm Monday until4 pm Friday, when 
the magnet group was similarly placed in a dummy magnet 
cage On the following Monday the previous dummy 
group was placed in the field from 4 pm Monday until 
4pm Friday and the sequence repeated The weight of 
the mice was individually measured to 0 1 g every day at 
4pm, when the cages were cleaned 

With this schedule, the same group was treated every 
14 days for 196 h ın the field The 14-day cycle was 
repeated 5 times and covered the age-period of 5-16 
weeks Group I mice started and finished the 5 cycles 
one week earlier than group IL mice, therefore, their 
avelage age and weight are less and their average growth 
rate shghtly higher Fig 1 shows, for each group sepa- 
rately the average weight variation durmg the 14-day 
cycle It can be seen that the second-day minimum 1s 
definitely present The average weight difference between 
zero hour and 48 h in the field ıs — 0 95 +0 29 g, and the 
difference between 48 h and 96 h in the field ıs +099 
+037 g (Both corrected for average daily weight gain ) 
The existence of the second-day minimum is thus estab- 
lished on a probabilty-level of 1 3,000 The magnitude 
of the mmimum does not decrease in subsequent cycles, 
proving that the mice do not get adapted to the ‘shock’ of 
the magnetic field, 1f repeated every 14 days It seems that 
an after-effect of the field prevails for four days after 
removal, since durmg this time the normal growth is 
arrested 

The experrments were partly supported by graduate 
research grant No 56-92-36 of the University of Ilimois 
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Loss of Liver Cell Antigens in Azo-dye Induced 
Hepatomas of Rats 


THE mmumzing ability of several chemically and 
virus induced tumours and zmmuno-chemical studies 
suggest that neoplasms of animals and man are charac- 
terized by a changed antigenic composition!" As yet 
however, no regularity mm these changes has been observed, 
probably due to the small amount of data available It 
remains unknown whether the cell type of a tumour, the 
carcinogens used for tumour induction, or the genetic 
composition of the neoplastic cells affect the kind and 
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degree of these antigenic changes To obtam mformation 
about some of these problems we compared the loss of 
liver antigens in fourteen hepatomas Although these 
tumours were selected on the basis of the histological 
features characteristic of hepatomas 1t 1s doubtful whether 
they are strictly comparable. First, the deoxyribonucleic 
acid (DNA) content of the stemhne ıs not the same in 
different hepatomas This agrees with our previous 
observation that even two hepatomas of the same liver 
lobe can consist of cells with different DNA values! 
Secondly, some of these hepatomas consist of a uniform 
population of cells whereas others are characterized by a 
heterogenous population of cells with varymg amounts of 
DNA 

Antibodies agamst liver antigens were produced by 
four weekly subcutaneous injections of liver homogenates 
emulsified with equal parts of Freund’s complete adjuvant 
(Difeo) into rabbits All antisera have been absorbed 
with rat sera The antigens have been prepared from 
salme-perfused livers and hepatomas The antigen- 
antibody reactions were examimed ın mucro-d:ffusion 
plates’, using 1 per cent agar ın buffered physiological 
salme, and plastic templates for the reactants? The 
absorption was done by placing the absorbent antigen into 
the wells of the templates before the addition of antiserum 
The hepatomas were induced ın male rats of the Sprague- 
Dawley stram by the feeding of 4-dimethylaminobenzene 
(DAB) contaimmg diet. The diet was discontinued 3 
weeks before samples were taken 

The results shown nm Figs 1 and 2 indicate that the 
hepatoma cells have lost some antigens present m the 
normal liver of adult male rats This conclusion 1s based 
on the following observations Anti-liver serum absorbed 
with normal liver does not produce precipitan bands when 
tested against hver antigens, rat serum and hepatomas 
respectively However, anti-liver sera absorbed with 
hepatoma- (AL+H1) produced at least five well-defined 
precipitin bands when tested against normal liver, but 
none against rat sera (Fig 1), indicating that the obtamed 
precipitin bands represent antigens associated with 
normal liver The same anti-liver sera (AD+H1) was 
tested agamst fourteen hepatomas of different rats 
Seven samples of the result obtamed are shown in Figs 
land 2 The presence of one (#5, H6), two (H9, H14) 
and three (H12) precipitm bands imdicates that not all 
hepatomas have lost the same number of antigens 

The present results indicate either a loss or a decrease 
of liver antigens m hepatoma cells This conclusion 1s 
based on the assumption that parenchymal cells were the 
source of hepatomas and of the antibody producmg 
antigens ‘These observations agree with the results 
obtamed by ummunofluorescence techniques on a variety 
of neoplasms includmg hepatomas of rats’, kidney 
carcmomas of hamsters*, squamous cell carcmomas of 





Figs land 2  Preoipitim bands in micro-double diffuston plates 


serum absorbed with hepatoma No 1, L, liver antigen, S, serum of rats, H1, 


H6, H9, H12, H14, antigens of hepatomas of different rats 
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human skm’ and carcmomas of the human intestine. 
Thus ıt appears hkely that the loss or decrease of antigens 
m neoplastic cells ıs a widespread phenomenon. Con- 
sidering that most, if not all, of the afore-mentioned 
tumours consist of cells with an abnormal chromosome 
complement and (or) an abnormal amount of DNA", the 
question arses whether a correlation exists between the 
loss of antigens and the alteration of a genome In this 
connexion it 1s of mterest to note that the examimed 
hepatomas differ not only by therr DNA modal values but 
also by the number of antigens lost 

This work was supported by the National Cancer 
Institute of Canada 
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Rapid Changes in Transpiration in Plants 


I sgouLD like to put forward a different interpretation 
for the experiment illustrated in Figs 2 and 3 of the 
recent article in Nature under the above title’ It may be 
presumed that at the start of the second part of the 
experiment (Fig 3, Curve IT) the leaves in the cuvette C 
of Fig 2 were not flaccid or such an important fact would 
have been mentioned , therefore the suction pressure m 
the transpirmg mesophyll cells must muitially have been 
less than the full osmotic pressure of their vacuolar sap. 
and this m turn must have had a value much lower than 
the 40 atmospheres or so exerted by the 1M sodium 
chloride solution (here assumed to be at 20°C) which 
replaced the water in vessel B The latter change therefore 
caused a considerable suction pressure gradient down 
the plant from the leaf mesophyll cells to the solution ın B 
and water must have moved out of the roots into the salt 
solution—any increase in water permeability of the roots 
would only accelerate this water loss At the same time 
the mesophyll cells contmued to transpire, and at an 
enhanced rate, as shown by the curve They must, there- 
fore, have been losing turgor rapidly 

The simplest hypothesis 1s that the early 
changes in transpiration rate were due to 
stomatal movements, and the mechanism 
suggested for these? ıs based on Darwim 
and Pertz*, namely, the increase in suction 
pressure of the wilting mesophyll cells 
withdraws water from the epidermal cells, 
including the subsidiary cells, and the rapid 
loss of turgor of the latter allows the guard 
cells to bulge outwards, opening the stoma- 
tal pores, closure then follows as the sub- 
sidiary cells, by virtue of their increased 
suction pressure, withdraw water from the 
guard cells Such ‘passive’ stomatal open- 
ing is not observed with gradual wilting, 
it may be supposed that under these condi- 
tions the suction pressures in subsidiary 
cells and guard cells remaim so near to 
equhbrium that no opening movement can 
be detected but only the gradual closure 
with loss of guard cell turgor Presumably 
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fo. curve I (Fig 3) the water-straim imposed by dipping 
the tip of a single leaf ın 1 M sodium chloride was much 
less than that due to the immersion of the whole root- 
system 1n 1t, but the fact that the mitial rate of transpira- 
tion was equal to the maximum of curve II also suggests 
that the stomata may already have been as wide open as 
was mechanically possible 

It seems essential to follow the course of stomatal move- 
ment, as well as of transpiration, 1f such experrmments 
are to help elucidate the so-called ‘Ivanoff effect’! 
It may well be, for example, that the leaves of comfers, 
mentioned earher mn the article as not showing this effect 
on transpiration, do not have the initial ‘passive’ 
stomatal opening on wilting because of thor rigid struc- 
ture and thick epidermal cell walls 

The ‘Ivanoff effect’ on transpiration when a leaf 1s 
detached in air must be in part due to the initial stomatal 
opening and ın part to release of tension in the xylem sap 
The latter contribution is, however, hkely to be extremely 
small Even if we suppose that the mesophyll cells were just 
flaccid before excision, with a vacuolar osmotic pressure 
of, say, ten atmospheres, and that they at once became 
fully turgid when the petiole was severed, a simple calcula- 
tion will show that the vapour pressure m equilibrium 
with their suction pressure would increase only by 
0 8 per cont With an ambient relative humidity of, say, 
70 per cent, the transpiration would only imcrease 2 7 
per cent if the stomatal resistance did not change This 
is obviously an over-estimate, for the cells could not be- 
come fully turgid while transpiration contimued 


O V S Hears 


Hilton 


No 4902 


University of Reading, 
Horticultural Research Laboratories, 
Shinfield Grange, 

Shinfield, Berks 

1 Rufelt, H , Nature, 197, 985 (1963) 

*Heath,O V S, in Plant Physwology, edit by Steward, F C ,2 (Academic 
Press, New York, 1959) 

* Darwin, F , and Pertz, D F M, Proc Roy Soc, B, 84, 136 (1911) 


Pror Hearn’s mnterpretation of my results 1s based on 
a hypothesis which, according to my expermments, 1s no 
longer valid He assumes that water transport in the 
plant 1s mediated by a cell-to-cell mechanism and that 
1t is the suction potential of tho mesophyll cells which 
determines the rate of water movement through the plant 
I imagine water transport from the root to the atmosphere 
in easily movable columns in the xylem and cell walls 
The rate of transport then depends on the gradient of 
suction potential from the root medium to atmosphere 
and the permeability or resistance to water movement of 
the intervening stages The cells of the plant obtain their 
water from the cell wall reservoir The uptake of water 
does not depend on the suction potential of the mesophyll 
cells but on that of the air in the intercellular spaces, 
which 1s a function of that ın the ambient air and the 
stomatal resistance However, as the water content 
of both the mesophyll cells and the guard cells, at equi- 
hbrrum, 1s determimed by the cell-wall water potential 
(referred to earlier! as the cell-wall water deficit), the 
impression 1s obtamed that the guard cells are regulated 
by the mesophyll cells When equilibrium does not 
occur, as can happen when a stress 1s suddenly released, 
the water content of the guard cells and the mesophyll 
cells may vary imdependently, if they have different 
permeabihties The results which have been obtamed 
experimentally agree with the supposition that the guard 
cells are more permeable than the mesophyll cells 

On the assumption that itis the suction potential of the 
mesophyll cells in the leaf which determines water uptake, 
Heath has supposed that the addition of sodium chloride 
to the root medium to raise the osmotic pressure to 40 atm 
must result m a suction pressure gradient down the plant 
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and water movement m the same direction. 'On the same 
assumption, one might expect the same result when a 
shoot oz leaf 1s cut off or the petiole lifted out of water, 
since the cut surface 1s exposed to the much lower water 
potential of the ar However, as shown m my Table 1 
and by Allerup and Nielsen?, movement of water con- 
timues up towards the leaf We have many times obtained 
the transitory merease in transpiration ım response to 
increases in. the osmotic pressure of the root medium of 
1-5 atm (refs 3 and 4) which could not, even on Heath’s 
supposition, reverse the gradient of suction potential. 
I would suggest that the suction gradient 1s always in the 
direction of water movement up the plant ın the examples 
under discussion because of the much lower water potential 
of the ambient air 


Sa Atmosphere 





Root medium 


Sr 


Wig 1 Schematic representation of water transport im a plant 


Suction potentials mm root medium (Sr), cell wall system (Sw), mter- 
cellular spaces (52), mag Aa ee) guard cells (Sg), mesophyll 
cells (Sm 


A large increase in suction potential ım the root medium 
of 40 atm gives rise to a corresponding increase in suction 
potential of the water im. the leaf cell walls and mtercellular 
spaces It 1s the latter suction potential which causes 
water stress in the plant and not the suction potential 
of the vacuolar sap in the mesophyll cells, this increases 
secondarily In a severed leaf there ıs no need for full 
turgidity before the transitory opening of the stomata 
occurs That turgidity does not in fact increase 1s shown 
by the determinations of relative turgidity (Table 1) 
When the full effect of the sodium chloride is realized, 
the merease m cell-wall water deficit causes reduction m 
stomatal aperture As the permeability barrier in the 
root can scarcely be exposed to the solution of high 
concentration instantaneously (the water in the AFS 
will dilute the solution), I suppose that the decrease 
in water uptake ıs preceded by a temporary increase 
due to an increase in root permeability This makes ıt 
possible to explain the Ivanoff effect and the increase 
obtamed by addition of an osmotically active substance 
in the same way 

In Fig 1 the proposed idea 1s summarized m a simphfied 
form The main pathways of water are indicated by the 
arrows At the root barner, the evaporation boundary 
between cell wall and intercellular spaces, and the diffusion 
barrier in. the stomatal openings, the transport 1s lustrated 
by single arrows because ıt can be presumed to take place 
in practice only m one direction, whereas dynamic 
equilibria normally exist between the cell-wall reservoir 
and the vacuoles of both the mesophyll cells and the guard 
cells Transport to mesophyll cells and guard cells differs 
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only m that the latter takes place faster, facilitated erthe: 
by higher permeability or a metabolic driving force 
Henry RUFELT 
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MICROBIOLOGY 


Accumulation of Oxytetracycline Relevant to 
its Bactericidal Action in the Cells of 
Escherichia coli 


Iw the course of work on the effect of oxytetracycline on 
the growth of Æ coh B-151-1 using a nepherometer, we 
observed a remarkable increase in turbidity when the 
cells were incubated at high concentration of oxytetra- 
cyclme over 100 ug/ml in nutrient broth Results showed 
that this imcrease in turbidity was not caused by the 
increase of number of cells, but was due to a remarkable 
accumulation of oxytetracycline in the cells of Æ cols 
Cells of E cola B-151-1 or E cole K-12 were collected from 
15-16 h culture by shaking at 30° C in nutrient broth 
(pH 72), and were washed twice with distilled water 
Usually Monod’s test tube was used for both growth and 
accumulation tests unless otherwise indicated Usually, 
cells of E cola (about 1 mg dry weight) were suspended in 
10 ml of medium in 30 ml Monod’s test tube, and the 
tube was shaken at 30° C onashaking machine The rest- 
ing cells were incubated with various concentiations of 
oxytetracyclie in nutrient broth (pH 7 2) at 30° C, and 
the growth was measured using a Kotaki nepherometer 
The amount of oxytetracycline was expressed as that of 
its hydrochloride 

The mcrease m turbidity began immediately as uf the 
cell growth were promoted in the presence of high concen- 
tration of oxytetracychne (100-400 ug/ml) Micro- 
scopic counting analysis, however, showed that the number 
of cells did not mecrease during the incubation The cells 
meubated with high concentration of oxytetracycline 
became yellow because of an abundant accumulation of 
oxytetracycline, and they were found to have higher 
electron density than the normal cells by electron micro- 
scopic examination Further experiments were carried out 
using a nitrogen-free simple medium containing 1 per cent 
glucose, 02 per cent K,HPO, and 002 per cent 
Mg8S0,7H,O The pH of the medium was adjusted to 6 5 
As shown ın Fig 1, the increase in turbidity was remark- 
able when the cells were incubated with glucose, K,HPO, 
and MgSO, Without glucose or MgSO, the increase m 
turbidity was httle When the heat-treated cells (1 mm 
in boiling water) were used instead of intact cells, we did 
not observe any appreciable increase in turbidity, and the 
same result was obtained when the mcubation was carried. 
out without the cells The presence of K,HPO, seemed 
unnecessary for increase of turbidity since a large amount 
of such increase also occurred in the piesence of glucose 
and MgSO, of the pH of the medium was about 65 
Usually K,HPO, was used for its buffer action 

After incubation, the cells were centrifuged and washed 
with distilled water once and were then suspended ın 5 ml 
of distilled water When the cells were heated in the 
boiling water, a large decrease in turbidity was observed 
only for the cells which were incubated with high concen- 
trations of oxytetracycline in the medium contaming 
glucose, K,HPO, and MgSO, Electrophotometric analy- 
sis showed that the absorption spectrum of the boiled 
extract and that of heated oxytetracycline hydrochloride 
solution were almostidentical Based on these results, we 
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usually estimated the accumulated oxytetracycline by 
measuring the optical density at 340 my or 260 my of the 
extracts obtained by boiling the cells which accumulated 
oxytetracychne with water for 5 mm and comparing ats 
value (A) with that of the standard oxytetracycline solu- 
tion which was also heated in the same condition The 
endogenous value (B) was determmed with the boiled 
extracts of cells which were incubated without oxytoetra- 
cycline and was subtracted from the value (A) giving the 
amounts of oxytetracycline accumulated (A-B) This 
value well indicated the relative amount of oxytetra- 
cychne accumulated, although ıb may not show the exact 
amount of oxytetracycline accumulated 


Table 1 ACCUMULATION OF OXYTETRAOYOLINE IN E coh B-151-1 


Incubation condition was the same as described in Fig 1 The amounts 
of oxytetracycline was measured from the value of optical density at 340 my 
of boiled extracts of the cells which accumulated oxytetracycline 


Medium Incubation time 
40 min 100 min 
A 305 ug/mg dry weight 464 d 
a o5 y weg „gime ry weight 
C 70 75 


From the results shown n Fig 1 and Table 1, it is 
apparent that oxytetracycline remarkably accumulated 
in the cells of Æ col, and consequently the turbidity of the 
cells greatly increased when the cells were incubated with 
high concentration of oxytetracycline in the medium. con- 
taming glucose, K,HPO, and MgSO, This may be the 
first indication of accumulation of large amounts of oxy- 
tetracycline in bacterial cells Optimum pH for the 
accumulation was about 65 At alow temperature, such 
as 2° C, the accumulation was very small Since glucose 
was needed for the accumulation, supply of energy seemed 
to be necessary This speculation was supported from the 
experiment usmg inhibitors Metabole inhibitors such 
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Table 2. CORRELATION OF PROMOTION BETWEEN OXYTETRAOYOLINE 

ACCUMULATION AND ITS BAOTERIOIDAL ACTION 

Incubation was carried out using Monod’s test tube ın aerobie condition 

at 30° C for 90 min Monod’s test tube contains glucose, K,H PO, (pH 6 5), 

MgS0,7H,0, oxytetracycline and the cells of E cole K-12 (1 mg dry cells) as 
shown m Table 2 im a total volume of 10 ml 




































Oxytetra- | Oxytetracychne Viable 

Incubation medium cycline accumulated Viable cells 

added per mg dry cells; cells/ml (%) 
Glucose 1% 9 oo — 3 31x 108 
MgSO,7H,0 001% | 200 ug/ml 190 ue 169x110} 51 
Glucose 1% — 2 94 x 108 
K,HPO, 02% 200 ug/ml 2 38 x 108 BI 
K,HPO, 0 3 26 x 108 





2% ee 
MegSO,7H,0 001% | 200 pg/ml 294x108| 90 


as 2,4-dinitrophenol (10-4 M) and sodium azide (10-?M) 
inhibited the accumulation, while they did not mhibit 
the oxidation of glucose by the resting cells and, more- 
over, promoted ıt at these concentrations 

The next experiment was carried out to clarify whether 
the bactericidal action of oxytetracycline was strength- 
ened in such a condition in which the accumulation of 
oxytetracycline was greatly promoted The incubation 
conditions and the results are given in Table 2 Viable 
cells were counted by the usual plate culture method 
As shown, bactericidal action of oxytetracycline was 
greatest in the presence of glucose, K,HPO, and MgSO, 
at 30°C From these results, ıb ıs assumed that permea- 
tion and accumulation of oxytetracycline m the cell are 
relevant to the bactericidal action of oxytetracycline and 
are dependent on the energy-ylelding system if 
supply of energy is necessary for the entry and accumula- 
tion of oxytetracycline, 16 1s curious that bactena take 
antibioties into the cells using energy Perhaps bacteris 
can absorb the antibiotics at random since they cannot 
discriminate between such antibiotics and a certam 
nutrient as in the case of amino-acids and their analogues 
Recently, Hancock has reported the decreased uptake of 
streptomycin by the cells ın the conditions such as anaero- 
biosis and presence of carbon monoxide! 
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VIROLOGY 


Isolation of Louping ill Virus from the Red 
Grouse 


Wip birds play an important part ın. the build-up and 
dissemination of some arboviruses! In the sub-group, the 
tick-borne encephalitis complex, evidence has been ob- 
tained from the USS R 2, Czechoslovakia? and Holland‘ 
that some avian species are mfected m Nature or can be 
infected with members of this group We report here the 
isolation from the red grouse (Lagopus scotecus) of louping 
ul virus, one of the members of the tick-borne complex, 
together with the results of some preliminary experiments 
on the susceptibility of this species to infection with 
louping ill virus 

In June 1962 we examined a red grouse which had been 
found moribund on a hill ın Morayshire In the course of 
serological investigations ıt was found to have a hemag- 
glutination inhibiting antibody titre of 1 80 agamst 4 
units of louping ill virus antigen, and virus (GRA) was 
recovered from a 10 per cent brain emulsion in saline 
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inoculated mtracerebrally into suckhng mice No virus 
was recovered from liver, spleen or lung During the 
period August—October 1962 we examined blood samples 
from 181 grouse killed over three areas in North Scotland 
—Speyside around Grantown-on-Spey, Morayshire, 
Braemar area, Aberdeenshire, and east Sutherland 
Louping ill ıs known to be endemic ın parts of the first and 
last of these areas All the samples were from shot birds 
and blood was collected on filter paper strips The 
eluates were tested agaist 4 units of antigen for hemag- 
glutmation mhubiting antibody The results are shown 
in Table 1 


Table 1 UHAMAGGLUTINATION INHIBITING TITRES OF 181 RED GROUSE 
AGAINST LOUPING ILL Virus ANTIGEN 
No Positive Negative Reciprocal antibody titres 
Area examined > 1 10-40 40-80 80-160 
Speyside 88 10 78 7 2 t 
Braemar 47 3 44 3 0 0 
Sutherland 46 4 42 3 1 0 


Some of the birds from the Speyside group were sent to 
the laboratory and virus (GRB) was isolated from the 
brain of one bird (hemagglutination mhibiting titre 1 80) 
Both viruses isolated were bile-sensitive 

The results of serological tests with these two isolates 
GRA and GRB in comparison with the mouse adapted 
(limb) strain of louping 111 are shown ın Table2 We have 
failed so far to produce a hamagglutinating antigen from 
one of them (GEB) by standard methods® 


Table 2 SEROLOGICAL COMPARISON OF VIRUSES GRA AND GRB WITH 
LIMB STRAIN oF LourmaG UL 
Hemagglut CF Neutralization 
Serum* Virus mation (fixation Suckhng Metabolite 
inhibiting area}t mouse Plaque mbhibition 
Limb Limb 640 64/32 e + + 
GRB Limb 640 64/32 = + + 
Limb GRB e 128/64 + ° + 
GRE GRB e 128/64 s e + 
Iamb - GRA 320 32/64 + e + 
GRB GRA 160 64/32 + s + 
* Antisera made by moculation of sheep with mouse bram virus gus- 
pension 


t Highest dilution of serum fixumg complement with any dilution of 
antigenjhighest dilution of antigen reacting with any dilution of serum 


Two grouse X and Y, one a wild bird, the other hatched 
in captivity and maimtamed at the Nature Conservancy 
Unit of Grouse and Moorland Ecology, Blackhall, 
Banchory, Kincardineshire, were made available to us by 
Dr D Jenkins, Natural History Department, Marischal 
College, Aberdeen, for experimental purposes A persis- 
tent viremia developed in both those birds inoculated 
with the standard limb strain and they died within 8 days 
of inoculation (Table 3) 


Table 3 Inrection oF Two RED GROUSE WITH LOUPING ILL VIRUS 
Grouse X Grouse Y 
Pre-inoculation hemag- 
glutination 
mhibiting titre Nil Nu 
Subcutaneous moculation 25,000 mouse 2,500 mouse 
dose of lowping 111 (limb) LEDs LDDs 
Post-inoculation Virus Homageglut- Virus Hemagglut- 
blood samples rolated mation isolated ination 
th) mnhibiting titre inhibiting 
ftre 
7 + - + -— 
31 + _ + — 
79 + 1 10 + 1 80 
168 Tied + 1 80 
192 Died 


At death, giouse F had 3 x 105 mouse LD,» virus/g liver, 
3 x 105 mouse LD,, virus/g spleen, and 3 x 10° mouse LD;, 
virus/g brain tissue Histological sections of the bram 
examined showed maiked congestion of the blood vessels 
but no obvious damage to nerve cells 

We conclude that the red grouse can harbour louping 11 
virus ın Nature, that viremia sometimes occurs and ım 
some circumstances the infection can be lethal to this 
species 
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PSYCHOLOGY 


Effects of Field Brightness on an Induced 
Negative After-image Phenomenon 


Ir a coloured stimulus, a white stimulus, and relative 
absence of stimulus are repeatedly presented in that order 
for 0 017, 0 10 and 0 083 sec respectively, there are values 
of stimuli brightness at which only the complement of 
the coloured stimulus ıs perceived This effect, first 
reported by Bidwell ın 18971, has facilitated investigations 
of after-images, the decision as to which of two comple- 
mentary colours 1s seen is more accurately made than are 
decisions as to the colour, mtensity, or duration of after- 
images The study of induced negative after-images 1s of 
interest, as these phenomena depend on the relation 
between excitatory and mhibitory retinal reaction and 
may be used in physiological and pharmacological studies 

In 1947 Lehmann? devised apparatus by means of which 
the brightness of the coloured stimulus was maintamed 
at a fraction of that of the white stimulus and the effective 
illumination below which only the coloured stamulus and 
above which only 1ts complement was seen” Both 
Lehmann’? and Kaplan’, who used somewhat simular 
apparatus, determmed that this threshold could be 
altered by pharmacological agents The equipment used 
in these investigations permitted the definition of only 
one set of brightness values of coloured and white stimuli 
at which reversal of colour perception occurs Keeler 
constructed apparatus that would permit mdependent 
control of the brightness of the coloured and white 
stimuli and determined the curve of brightness of coloured 
versus brightness of white stimul at which colour reversal 
occurs (A typical such curve ıs shown in Fig 1 as 
‘brightness of field’ = 1/2 white stimulus ) 

In all of the apparatus in the investigations noted, the 
coloured-white-‘black’ stumuli cycle was presented on a 
field the brightness of which was a function of the bright- 
ness of the white stimulus (As the white stimulus 18 
presented half the time, effective field brightness 1s 
about half that of this stumulus) In this circumstance, 
a change in brightness of the white stimulus changes field 
brightness which, m turn, alters the reactivity of that part 
of the retma receiving the image of the stimul: cycle 
This might be empirically satisfactory for some purposes, 
but the presentation of the stimul-cycle on a field of 
constant brightness would give additional information as 
to the relations between white and coloured stimulus 
required for reversal of colour perception 

The independent control of field brightness was also 
desirable, as this would make ıt possible to maimtain the 
coloured stimulus at a constant value and determine any 
effects of field brightness on the brightness of the white 
stimulus necessary for reversal of colour perception 

The equipment which generates the stimulus sequence* 
consists essentially of a whirling episcotister with a 180° 
white segment, a 130° black segment, and a 30° aperture 
through which an opal-glass target may be seen The 
episcotuster 1s wluminated from above, the intensity of 
this illumination determines the brightness of the white 
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Fig 1 Effects of fleld brightness on the brightness of red and white 
stimul: at which, when the brightness of the red stimulus 1s held con- 
stant and that of the white stimulus increased, green rather than red 
3s first perceived Red (625 ma), white (3,000° K) and black stimuli 
are repeatedly presented m that order for 0017, 010 and 0 083 sec 


respectively to the central 1° of a 5° white (3,000° K) field. ———-,50m 
lamberts, , half-white stimulus, —--, 25 mlamberts, -— —, O 
stimulus The coloured stimulus is produced by trans- 


illuminatmg the opal-glass target The black segment 
provides relative absence of stimulus An aperture 
smaller than the meiotic human pupil in the eyepiece 
prevents changes ın the subject’s pupillary diameter from 
affecting retinal illumimation. This equipment was 
revised, by interposing a white sereen, Illuminated from 
above, with a 1° central aperture between the eyepiece 
and the episcotister A diaphragm, between the screen- 
illuminant and the screen, controls field brightness Tho 
system, as seen from the eyepiece, consists of a 1° central 
area, in which the coloured-white-‘black’ cycle 1s presented 
visualized on a 5° white field of independently controlled 
brightness 

Some results obtamed are presented in Fig 1, the 
curve generated when the brightness of the white stimulus 
determines that of the field 1s also included An orderly 
array of curves of brightness of the coloured stimulus 
versus the brightness of the white stimulus necessary for 
reversal of colour perception ıs generated With a coloured 
stumulus of constant brightness, an merease in field 
brightness requires an increase in the brightness of the 
white stimulus for reversal of colour perception The 
slope of the curves with constant field brightness 1s less 
than that ın the situation where the white stimulus also 
determines the field This may be explamed on the basis 
that, ın this latter circumstance, an imerease in the 
brightness of the coloured stimulus will necessitate an 
merease in the brightness of the white stimulus and 
thus, in field brightness which will require a yet further 
increase in the brightness of the white stumulus 

The results shown are for one subject typical of six 
All determinations were made with a red (625 my) 
stimulus, the brightness of the white stimulus was 
imereased, until green rather than red was perceived 
Absolute values vary among observers and im the same 
observer over time, but the relations among stimul and 
field brightness noted are consistent 

Most significantly, these data indicate that the device 
may be quite responsive to changes in the sensitivity of 
the part of the retina which receives the image of the 
field, such changes would be equivalent to changes in 
field Ulumination This 1s crucial in the interpretation of 
drug-mduced changes im the colour reversal threshold 
Even when the stimuli cycle 1s presented to the fovea 
(and thus to the cone-based systems) changes in the 
reactivity of the peri-foveal region (and thus rod-based 
systems) may alter the endpoint 

Martin H KEELER 
Department of Psychiatry, 
North Carolina Memorial Hospital, 

University of North Carolina, Chapel Hill 
1 Bidwell, S , Proe Roy Soe , 61, 263 (1897) 
3 Lehmann, H E, Sevence, 112, 199 (1950) 


3 Kaplan, S , Psychiat, Res Rep Amer Psychiat Assoc , 12, 104 (1960) 
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FORTHCOMING EVENTS 


(Meetings marked unth an asterisk are open to the public) 


Monday, October [4 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W.12), at 4 p m —Dr Brian Ackner “Disorders 
of Personality” * 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W C 2), 
a ee p, a Te ae on “Patents and British Industry Today”, opened 
y or 


INSTITUTION OF MEOHANIOAL ENGINEERS, MANIPULATIVE AND MEOH- 
ANICAL HANDLING MACHINERY GROUP (at 1 Birdcage Walk, Westminster, 
London, 8 W 1), at 6 p m —Discussion on “Modern Advances in the Design 
and Use of Automatic Vending Machmes” 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S W 7), 
at 6 pm—Mr Enc Shipton, C.BE ‘“Patagoman Adventure” (colour 
films with commentary) 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION Gomt meeting with 
the SURFACE ACTIVITY GROUP, at 14 Belgrave Square, London, S W 1), at 
6pm—Dr J M Corkill “The Structure of Thm Detergent Filme” 


PLASTIOS INSTITUTE, ENGINEERING SuB-Grovur (at “The Ring’, Black- 
friars Road, London, S.E 1), at 6 30 p m ——Mr, P J Gough ‘“‘Toohnaking 
by Spark and Electrochemical Bromon”, 


Tuesday, October [5 


THE WELLCOME Trust Gin the Wellcome Historical Medical Tabrary, 
Lhe Wellcome Building, Euston Road, London, N W 1), at 1 pm-~Dr 
Edwin Clarke “Hippocrates as a Clinician” * (first of twelve lectures 
on “The History of Medicme” Further lectures on October 17, 22, 24, 29, 
31, November 5, 7, 12, 14, 19 and 21) 


UNIVERSITY OF LONDON (at Queen Mary College, Mile End Road, London, 
E 1), af 5 pm —Prof M F Hawthorne (University of Califorma) “Recent 
Advances m the Chemistry of the Higher Hydrides of Boron” (further 
lecture on October 17 )* 


UNIVERSITY OF LONDON (at the Institute of Education, Malet Street, 
Taio wW C 1), at 515 pm—Dr D M Lee “Perception, Intuition and 
nsight’*. 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, S W 1), at 530 pm—Mr P § A Berridge ‘Factors Governing 
the Choice between Repairing, Strengthening and Reconstructing Railway 
Girder Bridges”. 


INSTITUTION OF ELECTRIOAL ENGINEERS, SCIENOK AND GENERAL DIVISION 
(at Savoy Place, London, W C 2), at 530 pm—Dr J R Mortlock ‘‘Com- 
puters for Engmeers” (Chairman’s Address) 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 5 30 pm 
—Sir Lawrence Bragg, ER S “Electrical Charges and Electrical Currents” 
(Afternoon Lecture for Sixth Form Boys and Girls from Schools m London 
and the Home Counties Further lectures on October 16, 22 and 23 ) 


UNIVERSITY OF LONDON (in the Physiology Lecture Theatre, Royal Free 
Hospital School of Medicine, Hunter Street, Brunswick Square, London, 
W C1), at 530 pm —Prof P K Anokhin (Moscow) “New Data of the 
Specific Character of Ascending Activation on Brain Cortex” * 


INSTITUTION OF MECHANIOAL ENGINEERS, APPLIED MECHANICS AND 
STEAM PLANT GROUP (at Rugby College of Engineering Technology, Rugby), 
at 6 30 p m —Mr M B Coyleand Mr 8 J Watson. “The Fatigue Strength 
of Turbine Shafts with Shrunk-On Dises”, 


Wednesday, October l6 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W 12), at 2 pm—Dr J R Hobbs “Immuno- 
globulins and their Paraproteins” * 


INSTITUTE OF NAVIGATION (at the Royal Geographical Society, 1 Kensing- 
ton Gore, London, S W 7), at 4 pm—Annual General Meeting Mr D G 
King-Hele “Theories About the Shape of the Earth” (Third Duke of 
Edmburgh’s Lecture), 


ROYAL SOCIETY OF MEDICINE, COMPARATIVE MEDICINE SECTION (at 

1 Wimpole Street, London, W 1), at 5 pm--Mr K C Sellers “Breeding 

nee Present and Future Food Animal Populations” (Presidential 
ess 


UNIVERSITY OF LONDON (in the Physiology Lecture Theatre, Royal 
Free Hospital School of Medicine, Hunter Street, Brunswick Square, London, 
WC 1), at 530 pm—Prof P K Anokhin (Moscow) “New Information 
on the Mechanisms of the Conditioned Reflex” * 


BRITISH COAL UTILISATION RESEAROH ASSOCIATION (at the Institution 
of Civil Engineers, Great George Street, London, S W 1), at 530 pm-—~ 
Dr D T A Townend, CBE “Some Reflections on Combustion” (Twelfth 
Coal Science Lecture) 


SOCIETY FOR ANALYTICAL CHEMISTRY, MICROCHEMISTRY GROUP (at “The 
Feathers’, Tudor Street, London, E C 4), at 6 30 p m —Duiscussion Meeting 
on “The Determination of Boron” introduced by Dr H J Cluley and 
Mr M R Hayes 


Thursday, October 17 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University College, 
Gower Street, London, WC 1), at 115 pm—Dr T A Quaham “in- 
formation from the Skin—How 18 Vibration Detected?” * 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society, 
Burlington House, Piccadilly, London, W 1), at 5 pm--Dr M J Jaycock 
and Dr R H Ottewmill “Adsorption of Tome Surface Active Agents by 
Charged Solids”, Prof I N Plaksin and Mr R §Sh Shafeev “influence 
of Surface Properties of Sulphide Mmerals on Adsorption of Flotation 
Reagents”, Prof R Higgms and Dr T J B Jones “Viscosity Char- 
acteristics of Rhodesian Copper Smelting Slags” 

LINNEAN SOCIETY oF LONDON (at Burlington House, Piccadilly, London, 


Wi), at 5 pm—Miss A G C* Grandıison “Herpetological Travels iD 
Nigeria”, Dr D C Smith “Some Recent Studies in tho Biology of Lichens’ 
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UNIVERSITY OF LONDON (at Goldsmiths’ College, New Cross, London, 
3 ma e P m —Prof. Herbert Dingle “The Impact of Science m the 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, § W 1), at 5 80 p m —Informal Discussion on “Recent Develop- 
ments m Piling Theory” 


UNIVERSITY OF LONDON (in the Beveridge Hall, Senate House, London, 
W C 1), at 5 30 pm —Sir Charles Dodds, FRS “Stilboestrol and After” * 
(First of eighteen lectures on “The Scientific Basis of Medicme” organized 
by the British Postgraduate Medical Federation ) 


BRITISH INSTITUTE OF RADIOLOGY (at 32 Welbeck Street, London, W 1), 
at 6 pm-—Discussion Group meeting on “X-Ray Departments and the 
Ministry of Health” 8 pm—Prof C B Allsopp “Nothing New?” 
(Presidential Address) 


SOCIETY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
GROUP (at 14 Belgrave Square, London, 8 W 1), at 6 p m —Dr J D Watt 
The Composition and Pozzolame Properties of Pulverised Fuel Ash” 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (jomt meeting with 
the BRIGHTON COLLEGE OF TECHNOLOGY CHEMICAL SOCIETY, at the College 
of Technology, Lewes Road, Brighton), at 7 p m —Prof R N Haszeldine 
“Carbanmions to Carbenes” 


ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at Manson House, 
26 Portland Place, London, W 1), at 730 pm—Dr Charles Wilcocks 
Presidential Address 


Friday, October [8 


BIOCHEMIGAL Society Gn the Department of Physiology and Biochem- 
istry, The University, Southampton), at 915 a m—Colloquium on “Com- 
parative Biochemistry and Physiology” 215 pm—Scientific Papers 


UNIVERSITY OF LONDON {m the Physiology Lecture Theatre, Royal Free 
Hospital School of Medicme, Hunter Street, Brunswick Square, London, 
W C 1), at 5 30 pm—Prof P K Anokhin (Moscow) ‘‘Neurophysiological 
Bases of the Therapeutic Action of Anesthetic and Psychotropic Drugs” * 


OCCAM SOCIETY (at the Northampton College of Advanced Technology, 
St John Street, London, E C1), at 615 p m —Diuseussion on “The Philo- 
sophical Importance of the Unconscious” opened by Mr Paul de Berker 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 9 pm — 
Prof 8S K Runcorn “How the Continents Drift” 


Friday, October 18—Saturday, October 19 


Factutry oF RADIOLOGISTS, RADIOLOGIOAL SECTION of the ROYAL 
SOCIETY OF MEDICINE, and the BRITISH INSTITUTE OF RADIOLOGY Gn 
the Barnes and West Halls, Royal Soctety of Medicine, 1 Wimpole Street, 
London, W 1 (Radiodiagnostic Meetings}, and Cowdray Hall, Royal College 
of Nursing, 1a Henrietta Place, London, W 1 (Radiotherapy Meetings) )— 
sped d on “The Planning of Diagnostic X-ray and Radiotherapy Depart- 
ments” 


Saturday, October 19 


LONDON Country COUNCIL (at the Hormman Museum, London Road, 
Forest Hill, London, § E 23), at 330 p m —Dr Eva Crane ‘Dances and 
other Forms of Communucation Between Bees” * 


Monday, October 21 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, S W 1), at 5 30 p m —Dr J Metivier and Dr B J Hey- 
wood “Vamidothon—a New Systemic Insecticide” 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, WC 2), at 630 pm—Mr 
R C Foss “Feedback” (Chairman’s Address) 


ROYAL GHOGRAPHICAL SocretTy (at 1 Kensington Gore, London, S W 7)» 
at 815 pm -Mr Tom Harrisson ‘Inside Borneo” 


Monday, October 2!|—Tuesday, October 22 


POWDER METALLURGY JOINT GROUP of the IRON AND STEEL INSTITUTE 
and the INSTITUTE OF METALS (at the Royal Commonwealth Society, Craven 
Street, London, W © 2),at1115am on Monday and 10am on Tuesday— 
Symposium on “Residual Porosity in Powder Metallurgy” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned 

SENIOR LECTURER (with an honours degree m mathematics and prefer- 
ably some lecturing or mdustrial experience) IN MATHEMATICS—The Director 
of Education, The Polytechnic, 309 Regent Street, London, W 1 (October 18) 

ELECTRONIO COMPUTER OPERATOR (education to GOE “A” level stand- 
ard in mathematics, and preferably previous experience on digital com- 
puters), to be concerned with the preparation and running of programmes 
on the KDIF9 computer which is to be instalied in the College late: this 
year-—The Secretary, Royal College of Advanced Technology, Salford 5, 
Lanes, quoting Ref MA/11 (October 21) 

ASSISTANT LECTURER (preferably with an mferest in one of the followimg 
fields taxonomy, ecology, plant physiology or microbiology (bacteriology) } 
IN Botany-—--The Secretary, Birkbeck College (University of London), Malet 
Street London, W C 1 (October 28) 

RESEARCH ASSISTANT (with experience in embryology and/or biophysics) 
IN THE DEPARTMENT OF ZOOLOGY, for work on the effect of drugs on the 
uptake and distribution of water in the developing embryo—Dr P H Tuft, 
Department of Zoology, University of Edmburgh, West Mams Road, 
Edinburgh (October 31) 

SENIOR LECTURER, a JUNIOR LECTURER, and a GRADUATE ASSISTANT 
IN THE DEPARTMENT OF ELECTRICAL ENGINEERING, University of the 
Witwatersrand, Johannesburg, South Africa—The Secretary, Association 
of Commonwealth Universities (Branch Office), Marlborough House, Pall 
Mall, London, S W 1 (South Africa and London, October 31) 

LECTURER IN VETERINARY PHYSIOLOGY at the Umversity of Sydney, 
Austraha—The Secretary, Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, S$ W 1 (Australia 
and London, November 1) 
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SCIENTIFIO OFFICER/SENIOR SCIENTIFIC OFFICER (with a good honours 
degree in physiology or biochemustry, and preferably an additional vetermary 
qualification and research expemence m the fleld of animal metabolism) 
IN THE PHYSIOLOGY DEPARTMENT—~The Secretary, Rowett Research 
Institute, Bucksburn, Aberdeen (November 1) 

LEOTURER (preferably competent to lecture in logic, mnecluding traditional 
logic) IN PHILOsoPHY at the University of Sydney, Australia—The Secre- 
tary, Association of Commonwealth Unrversitzes (Branch Office), Mari- 
Loe House, Pall Mall, London, S W 1 (Australia and London, Novem- 

er 5 

LECTURER and an ASSISTANT LEOTURER (with research interests in the 
high energy physics eld) IN THE DEPARTMENT OF PHYsIcS—The Registrar, 
The University, Manchester 138 (November 15) 

LECTURER or ASSISTANT LECTURER (preferably with interests in the 
fleld of cytology or cytogenetics) IN BoTANY—The Secretary, The Univer- 
sity, Aberdeen (November 18) 

CHAIR OF MEDICAL MICROBIOLOGY at St Thomas's Hospital Medical 
School—The Academic Registrar, University of London, Senate House, 
London, W C1 (November ay) 

SENIOR LECTURER (with a Ph D in physics or equivalent qualhfication, 
and preferably some teaching experience} IN Prysics or THEORETICAL 
PHYSICS in the School of General Studies, Australian National University- 
The Secretary, Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S W 1 (London and Australa, 
November 25) 

ASSISTANT PROFESSOR (with a Ph D or equivalent in animal physiology, 
and preferably a minor in biochemistry) OF ANIMAL PHYSIOLOGY, for duties 
which include fundamental and applied research with farm and laboratory 
animals with emphasis on environmental phystology, teaching, and lmuted 
extension work—Head, Department of Animal Science, University of 
Alberta, Edmonton, Alberta, Canada (November 30) 

CHAIR OF ELECTRONICS—The Secretary, The Queen’s University, Belfast, 
Northern Ireland (November 30) 

HOSPITAL MICROBLOLOGIST (medical graduate with suitable experience 
in microbiology), te assist the Director (Prof N F Stanley) m the admin- 
istration of the routine laboratory and clinical services of the Hospital 
Department of Microbiology, to act in the absence of the Director, and to 
carry out special mvestigations from time to time—The Administrator, 
Royal Perth Hospital, Perth, Western Australia (November 30) 

LECTURERS or SENIOR LECTURERS (2) IN PSYOHOLOGY at the University 
of Otago, Dunedin, New Zealand—tThe Secretary, Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
S W1 (New Zealand and London, November 30) 

SENIOR LECTURER IN STATISTICS at the University of Melbourne—The 
Secretary, Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S W 1 (Australia and London, 
November 30) 

BIOCHEMISE (with a first- or second-class honours degree m chemistry, 
or vetermary qualifications with additional specializationin biochemistry, and 
preferably experience of the application of modern biochemical techniques 
to the study of animal diseases), with the Government of Uganda, to work 
with members of the research staff in establishing modern biochemical 
techniques for research into adaptation and diseases of domestic live- 
stock in Ugarda—The Director of Recruitment, Department of Technical 
Co-operation, Eland House, Stag Place, Victoria, London, S W1, quoting 
Ref RC 217/153/04/61 

EXECUTIVE OFFICER (male, preferably not under 30, and fully conversant 
with the technical aspects of medical laboratory practice and equipment), 
for work at the Medical Research Couneil’s Central Store, Colindale Avenue, 
London, N W 9—Medical Research Council, 20 Park Crescent, London, 
W 1, quoting Ref E 10/29 

HEAD (with good qualifications and experience) OF THE SCIENCE DEPART- 
MENT—The Headmaster, The School, Oundle, Peterborough, Northants 

POSst-DOCTORAL FELLOW (with a sound background in physical organic 
chemistry and/or modern analytical techniques) IN HAMOPROTEIN CHEM- 
ISTRY—Dr G KR Schonbaum, Department of Biochemistry, University 
of Alberta, Edmonton, Alberta, Canada 

RESEARCH ASSISTANT (with a good honours degree in chemistry or physical 
chemistry (or a good @ RIC), and preferably some research experience), 
for work on the cross-lmking of high polymers m solution—Prof R H 
Peters, Department of Polymer and Fibre Science, The Manchester College 
of Science and Technology, Sackville Street, Manchester 1 

RESEARCH FELLOW IN THE DEPARTMENT OF ANATOMY, to study the 
physiology of reproduction and m particular to investigate the control of 
fertility m primates and lower mammals—The Assistant Registrar, The 
Medical School, The University, Birmingham 15 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Scottish Plant Breeding Station Record 1963 Pp 181 (Pentlandfield, 
Roshn Scottish Society for Research ın Plant-Breeding, 1963 ) [128 

Ambassade de France Service de Presse et d'Information The French 
Budget and Fmance Act of 19638 Pp 20 (London Ambassade de France, 
Service de Presse et d'Information, 1963 ) [128 

British Museum (Natural History) Economic Series, No 15 Common 
Insect Pests of Stored Food Products a Gude to their Identification 
By Dr H E Hmfton and Dr A Steven,Corbet Fourth edition Pp 61 
{London British Museum (Natural History), 1963) 38 6d {128 

Department of Scientific and Industrial Research Automation at Low 
Cost-—2 Temperature and Humidity Pp 16 (London Department of 
Scientific and Industrial Research, 1968 } 128 

Forestry Commission Report on Forest Research for the year ended 
March, 1962 Pp 1x+194+12 plates 13s net Bulletin No 35 Prunng 
Conifers for the Production of Quality Timber By D W Henman Pp 
vu+55+7 piatos 6s 6d net Forest Record No 22 Shelterbelts for 
Western Hill Farms By W A Cadman Pp 31 3s net Forest Record 
No 49 The Development of Douglas Fir Plantations m Relation to Site 
Conditions By W E Day Pp 8 Js net Forest Record No 50 Wind- 
Loosening of Young Trees on Upland Heaths By M V Edwards,J Atter- 
fon ana R S Howell Pp 16 2s net (London HM Stationery One 

Admiralty Hydrographic Department Admiralty Marme Science 
Publications No 6 Hydrographic Analysis of the Sandbanks in the 
Approaches to Lowestoft Harbour By R L Cloet Pp 11+15-+ 22 ulus- 
tratrons+12 graphs No 7 Mean Sea Level m the British Isles By 
Commander D L Gordon and Commander © T Suthons Pp 148 (Lon- 
don Admuraity Hydrographic Department, 1963 ) [128 
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Building Research Station Digest (Second Series) No 37 Jomtimg with 
Masties and Gaskets--2 Pp 4 (London H M Stationery Office, 1963 ) ie 


Department of Scientific and Industrial Research and Forestry Com- 
mission Forest Products Research Special Report No 18 Bark Form and 
Wood Figure in Home Grown Birch By R J Newalland A S Gardiner 
Pp vit28+8plates (London H M Stationery Office, 1983 ) 4s net [128 


Other Countries 


Population Reference Bureau, Inc Population Bulletin, Vol 19, No 4 
(July, 1963) The Population Problem-—-Towards a Solution Pp 81-108 
(Washington,DC Population Reference Bureau, Inc ,1963) 50cents [78 

Zoology Publications from Victoma University of Wellington No 31 
{March 15, 1963) Some Studies on the New Zealand Oysters By P J 
Hollis Pp 28+8 plates No 32 (April 30, 1963) The Spatangid Echi- 
noids of New Zealand By H Barraclough Fell Pp 8+6plates (Welling- 
ton Victoria University of Wellington, 19638 78 

Smithsonian Miscellaneous Collections Vol 146, No 2 <A Contribution 
Toward an Encyclopedia of Insect Anatomy By Robert E Snodgrass 
Gap anon 4544) v+48 (Washmegton, DC Smuithsoman ar 
19 

National Science Foundation, Washington NSF 63-23 Profiles of 
Manpower in Science and Technology Pp 36 (Washington, DC 
National Science Foundation, 1963 } {7 

Smithsonian Institution Bureau of American Ethnology Bulletin 
185 River Basin Surveys Papers, Numbers 26-82 Edited by Frank H H 
Roberts, Jr (Inter-Agency Archaeological Salvage Program) Pp xu+ 
$44+57 plates (Washington,DC Government Printmg Office, 1963 ) [78 

Records of the Australian Museum Vol 25, No 12 (9th August 1962) 
Two Spirorbid Tubeworms ar? enero Polychaeta) from Eastern Australia 
By B Wisely Pp 248-248 (Sydney The Austrlian Museum, 1962) [78 

Annals of the New York Academy of Sciences Vol 108, Article 2 
Life-Like Forms in Meteorites and the Problems of Environmental Control on 
the Morphology of Fossil and Recent Protobionta By € Anders and 26 
other authors Pp 3389-616 (New York New York Academy of Sciences, 
1963 ) 4 dollars [78 

The Research of Reactor Centrum Nederland—General Survey of Activities 
Pp 35 (’s-Graverhage Reactor Centrum Nederland, 1963 ) 78 

United States Department of Commerce Coast and Geodetic Survey 
Publication 60-3 Geodetic Operations in the United States and im other 
Areas Through International Co-operation, January 1, 1960 to December 31, 
1962, By F R Gossett Pp vit32 (Washington, DC Government 
Printing Office, 1963) 30 cents [78 

Smithsonian Contributions to Astrophysics Vol 4, No 5 A Cntenon 
for the Mode of Ablation of Stone Meteors By Allan F Cook Pp 131- 
138 (Washmgton, DO Government Printing Offce, 1963) 15cents [78 

Outline of The Institute of High Speed Mechanics, Tohoku University 
Pp 64421 plates (Sendai, Japan The Institute of High Speed Mechanics, 
Tohoku University, 1962 ) 78 

Republic of the Sudan Muimstry of Health Annual Report of the 
Government Analyst for the year 1960-1961 Pp 21. (Khartoum Mmisiry 
of Health, 1963 ) [78 

Smithsonian Contributions to Astrophysics Vol 8,No 2 The Relative 
Positions of Sunspots and Flares By John G Wolbach Pp 101-118 
(Washington, DC Government Prmting Office, 1963) 20 cents [78 

Annals of the New York Academy of Sciences Vol 107, Article 8 
(July 8, 1963) New Reflections cn Monoamime Oxidase Inhibition By 
E A Zeller and 74 other authors Pp 809-1158 (New York New York 
Academy of Sciences, 1963) 5 dollars [128 

Smithsonian Institutzon Bureau of American Ethnology Bulletin 
188, Shonto—a Study of the Role of the Trader in a Modern Navaho 
Community By Wiliam Y Adams Pp 11+329+10 plates (Washington, 
DC Government Printing Office, 1963 ) 2 dollars [128 

United States Department of the Interior Geological Survey Water- 
Supply Paper 1330-F Water Requirements of the Styrene, Butadiene and 
Synthetic Rubber Industries By Charles N Durfor Pp v-+221-285 
Water-Supply Paper 1539-P Geology and Ground-Water Resources of 
Dougherty County, Georga By Robert L Wait Pp vi+102+ plates 1-6 
Water-Supply Paper 1544-D Application of Electrical and Radioactive Weill 
Logging to Ground-Water Hydrology By Eugene P Patten, Jr ,and Gordon 
D Bennett Pp iv+60 Water-Supplv Paper 1613-A Geology and 
Ground-Water Conditions m Southern Nassau and Southeastern Queens 
Counties, Long Island, NY By N M Perlmutter and J J Geraghty 
Pp vi+205 Water Supply Paper 1619-J Ground-Water Geology of Bd- 
wards County, Texas By A T Long Pp iv+29+plates 1-5 Water- 
Supply Paper 1619-Q Reconnaissance Study of the Chemical Quality of 
Surface Watera m the Sacramento Raver Basin, California By Robert 
Brennan Pp iv+44+plates 1-3 (Washington, DC Government 
Printing Office, 1963 ) 

Smithsonian Institution United States National Museum—Museum of 
History and Technology Bulletin No 235 American Military Insignia 
1860-1851 By J Duncan Campbell and Edgar M Howell Pp xv+i24 
(Washington, DC Government Prmting Office, 1963) 2 dollars [128 

World Health Organization Public Health Papers, No 20 Preparation 
of the Physician for General Practice Papers prepared for a European 
Conference on the Traming of the Doctor for his Work in the Community, 
Edinburgh, 1961 By R Berfenstam and 7 otherauthors Pp 114 (Geneva 
World Health Organization, London HM Stationery Office, 1963 ) 
4 Sw francs, 6s 8d, 1 25 dollars 128 

National Serence Foundation, Washington Weather Modification Fourth 
Annual Report for Fiscal Year ended June 30, 1962 (NSF 63-29) Pp 
Fa ha plates (Washmgton, DC Government Printing Office, 1083 3 

cents h 
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LOCARTE 
‘luorimeter 






Other Locarte 
Precision equipment 


includes: Fraction Collectors, H V Electrophoresis, U V 
Handlamps, Recording Densitometers, Desalters, Column 
Scanners, Pipette Washers, Amino Acid Analysers. 


The Locarte Company 


24 Emperors Gate, London, 8.W.7 
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Excitation wavelengths 
commencing at 240mu 


In Laboratories throughout the world the 
Locarte Fluorimeter is saving time while 
providing unparalleled results. Important 
work demands precision. An extensive 
range of filters is available. 


With an instrument so sensitive that 
monochromatic filter can be used on 
both pmmary and secondary sides 
many laboratories have extended their 
sphere of work With an instrument so 
fast ın operation your costs are reduced 
RAPID measurement of fluorescence 
(solution or filter paper). 


SENSITIVITY : Minimum cuvette 
‘blank’ allows full use of 13 stage photo- 
multiplier and allows estimations well 
below .001 „g/ml. Quinine Sulphate; 
001 ug/ml. Serotonin (measuring the 
fluorescence in the Ultra Violet at 335 
mu.) & Iug of Cortisol on filter paper. 
STABILITY : ensured by fully regulated 
Special Mercury or Zinc Arc Lamp. 


REPRODUCIBILITY SPEED AND 
ACCURACY in all your fluorometric 
estimations 


P 





Consider: isn’t this just 
plain common sense? 


200 years ago lıfe assurance as we know 1t began—with the 
Society that became known as the ‘Old Equitable’, the oldest 
mutual life office ın the world 

Unswervingly through the years, the ‘Old Equitable’ has 
stuck to its principles, of no shareholders, of paying no 
commission for the mtroduction of business and of sharing 
its profits among members Today, as helpful as ever and of 
great financial strength, the ‘Old Equitable’ provides life 
assurance for its members at cost price 

For instance a quarterly payment of £2676 secures a 
man of 34 an endowment assurance of £2,500, sharing in 
major profits and payable shortly before he 1s 60 or at his 
earlier death Those who took out such policies 25 years ago 
are receiving £4,315 this year 

For more about ‘Old Equitable’ assurances, please fill in 
this coupon 


get in touch with the 


ee ini inal 


DLD EQUITABLE’ 


19 COLEMAN STREET, LONDON, E C2 


Immediate Annuities [C] Personal Pension [] 
School Fees [f] Income for Dependants [7] 


Life & Endowment 4 Children’s Policy [J 
d 
t 
NAME DATE OF BIRTH 
(Block Letters Please) 
aie NC 





OXLEY 
DEVELOPMENTS 








SUBMINIATURE AIR 
DIELECTRIC TRIMMERS 


A continuous study in the laboratory and tn the field 
has resulted in a further development tn Oxley sub- 
miniature air dielectric trimmers, the rotor and the 
stator both being made of solid metal 
Fa This results in — 
(1) The elimination of practically all soldered jatnts 
(2) A positive increase in mechanical rigidity and 
tmproved electrical stability 

(3) A high order of conststency in capacity 

In other respects the trimmers retain all chose factlities 
which have made them the inevitable choice of professional 


equipment in which relrability is the dominant require- 
ment 


BRITISH 
& FOREIGN 
PATENTS 





Write for technical details of these and other Oxley products 
OXLEY DEVELOPMENTS CO LTD, ULVERSTON, LANCASHIRE 
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CLASSIFIED ADVERTISEMENTS 


are charged at 12s for the first hne and 
6s per hne thereafter Lines in capitals or 
containing words in capitals 12s per hne 
Semi-displayed £4 16s per single column 
inch Colour (orange) £15 extra Is ww 


charged for the re-dsrection of replies to 


advertisements with a box number. 


ADVERTISEMENIS SHOULD BE 
ADDRESSED TO T G Scor and Son, 
Limited, 1 Clement’s Inn, Strand, London, 
WC2 Telephone HOLborn 4743 Tele- 
grams Textualst, Estrand, London 





APPOINTMENTS VACANT 





(SECOND ADVERTISEMENT) 
UNIVERSITY OF EDINBURGH 
DEPARTMENT OF ZOOLOGY 


Research Assistant, with experience m Embryo- 
logy andfor Biophysics, 1s required by the De- 
partment of Zoology for work on the effect of 
drugs on the uptake and distnbution of water in 
the developing embryo The appoimtment will be 
for three years in the first mstance Salary 
within the range of £1,000 to £1,150 per annum, 
plus FSS U 

Applications (three copies), with curneulum 
vitae and the names of two referees, should be 
sent to Dr P H Tuft, Department of Zoology, 
University of Edinburgh, West Mains Road, 
Edinburgh, not Jater than October 31, 1963 
CHARLES H STEWART, 

Secretary to the University 


-æ 





PILKINGTON BROTHERS LIMITED 
Glass Manufacturers, require a 


PHYSICIST 


age between 25 to 30 years, at their Re- 
search Laboratories to carry out basic 
research work covermg theoretical and ex- 
perimental investigations of heat transfer 
and model studies of viscous and non- 
viscous flow in glass-making processes 


The work involves design and analysis of 
experiments at small-scale laboratory and 
pot plant level 


A good honours degree im Physics 15 
essential with some experience of univer- 
sity or industrial research 


The salary 1s m a range which can rise to 
£2,000 per annum 


Applications should be made, quoting 
RES/J 3, to L P Lardlaw 
GROUP STAFF DEPARTMENT, 
Pilkington Brothers Limited, 
Grove Street, St Helens, Lancashire 





MANCHESTER EDUCATION 
COMMITTEE 
JOHN DALTON COLLEGE OF 
TECHNOLOGY 
METALLURGY DEPARTMENT 


COLLEGE OF SCIENCE AND 
TECHNOLOGY 


Applications are invited for the post of ether 
Senior Lecturer or Lecturer in the Department of 
Metallurgy of the John Dalton College of Tech- 
nology This Department 1s at present housed in 


the Manchester College of Science and 
Technology, and ts running a Sandwich 
Course im Metallurgy leading to the Higher 


National Diploma and to Associateship of the 
Institution of Metallurpists There ıs also im 
operation a day-release course for the Higher 
National Certificate in Metallurgy These courses 
are expected to develop when the department 
moves into the new John Dalton College of 
Technology m September, 1964 Preference will 
be given to candidates who are qualified to teach 
Physical Metallurgy and X-ray Metallography 
Experience specifically in the feld of physical 
metallurgy of the refractory and reactive metals 
would be an advantage Salary in accordance 
with the Burnham Further Education Report, 
1961, as amended, viz Lecturer, £1,670 to 
£1,895 per annum, or Semor Lecturer, £1,895 to 
£2,115 per annum 

Forms of application, ete (sae) from the 
Chief Education Officer, PO Box 480, Deans- 
gate, Manchester, 3, returnable by October 21, 
1963 Please auote reference number FE/81 





REPUBLIC OF IRELAND 


THE IRISH MEAT RESEARCH INSTITUTE 


invites applications for the post of 


DIRECTOR 


to take charge of the Meat Research Umt which it proposes to establish in Dublin. 
The dutres of this post will entail responsibility for research on the needs of the meat 
industry in Ireland with particular emphasis on processing, canning and packaging 


Qualifications 
each or equivalent 


Honours degree ın Chemistry or Bacteriology, with a knowledge of 


The candidate most likely to be appomted would have an established reputation m 


Technological Developmental Research 


It ıs hoped that the successful candidate will be able to take up appointment from the 
begmning of 1964 , he will be expected to take an actrve part m the establishment of 
the new Institute and the planning of ns research programme 


Commencing salary will be in the range £2,500 to £3,000 Superannuation will apply 


Intending candidates are uryited to submit full personal details with copies of publica- 


hons, particulars of experietice, etc, 


to The Secretary, 


The Irish Meat Research 


Institute, 7 Gardiner Row, Dublin, 1, not later than October 31, 1963 


A ST a a a 


UNIVERSITY OF CANTERBURY 
NEW ZEALAND 
LECTURER IN ELECTRICAL ENGINEERING 


Applications are invited for the above- 
mentioned post The appointee wil! be expected 
to devote his main attention either to the Elec- 
tronics side or to the Power side of Electncal 
Engineenng and he should either have or be pre- 
pared to acquire a basic knowledge of Nuclear 
Engmeering and Measurements The salary 
attached to the position will be at the rate of 
£1,250 per annum nsing by annual increments of 
£75 to £1,700 per annum and will commence at 
a rate ın accordance with qualifications and ex- 
perrence Approved fares to Christchurch will 
be allowed for an appoimtee, his wife and chil- 
dren In addition, actual removal expenses will 
be allowed within certain limits 

Further particulars and information as to the 
method of application are available from the 
Secretary, Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall 
Mall, London, SW 1 Applications close in 
New Zealand and London on November 1, 1963 


NATIONAL COLLEGE OF FOOD 


TECHNOLOGY 
ST GEORGE’S AVENUE, WEYBRIDGE, 
SURREY 


Principal J D Mounfield, MSc Tech, PhD, 
FRIC 





Applications are invited from graduates in 
microbiology or m chemustry/biochemistry with 
training or expenence in microbiology, for a 
teaching post at the College Facilttes for re- 
search are avatiable Appomtments may be made 
at Lecturer or Assistant Lecturer Ievel Salary 
scales Lecturer, £1,670 by £45 to £1,895 per 
annum, Assistant Lecturer, £930 to £1,550 per 
annum Starting salary dependent on qualsfica- 
tions and experience 

Application forms (obtainable from the Col- 
lege), should be sent to the Principal as soon as 
possible 


SOUTH-EAST ESSEX TECHNICAL 
COLLEGE AND SCHOOL OF ART 
LONGBRIDGE ROAD, DAGENHAM 


Required in January Assistant Lecturer, Grade 
B, to teach Zoology to GCE “A” level and 
BSc General Degree Jevel Candidates should 
have a good honours degree in zoology, prefer- 
ably with some imdustrial and/or teaching ex- 
penence Salary scale £1,050 to £1,670 per 
annum (good honours graduates), plus London 
Allowance of £45 or £60 per annum Higher 
scales possible, depending on length of training 
Increments above the scale minimum allowed for 
War/Natonal Service, previous teaching and 
relevant imdustrial experience Assistance to- 
wards the cost of removal expenses will be con- 
sidered 

Further particulars and application form from 
the Prncipal 





UNIVERSITY OF THE 
WITWATERSRAND 
JOHANNESBURG 


DEPARTMENT OF ELECTRICAL 
ENGINEERING 
VACANCIES SENIOR LECTURER 
JUNIOR LECTURER 
GRADUATE ASSISTANT 


Applications are invited for the above three 
vacant posts, two of which are new posts The 
Department of Electrical Engineering desires to 
strengthen its teaching and research activities in 
the general field of microwave engineering, and 
also in the field of high voltage and dielectrics 
study and research Applicants are invited to 
state for which post they wish to be considered 
Duties are to be assumed on January 1, 1964, or 
as soon as possible thereafter The salary scales 
of the various posts are as follows Senior Lec- 
turer, R 3420 by R 120 to R 4,500 (£1,710 by 
£60 to £2,250) , Junior Lecturer, R 1,740 by R 120 
to R2,100 (£870 by £60 to £1,050), Graduate 
Assistant, R 804 fixed (£402) In addition an 
annual vacation bonus 1s payable in the case of 
e Semor Lectureship and the Junior Lecture- 
ship 

Intending applicants are advised to obtain a 
copy of the information sheet relating to these 
vacancies from the Secretary, Association of 
Commonwealth Universines (Branch Office), 
Marlborough House, Pall Mali, London, SW 1 
Applications close ın South Afmca and London 
on October 31, 1963 





UNIVERSITY OF ST ANDREWS 


Workshop Technician required for the Depart- 
ment of Physics, St Salvator’s College, St 
Andrews Umversity, St Andrews Work is 
mainly on research projects requiring high stan- 
dards, advanced technology, eg, cryogenic and 
laser, with no repetition work Salary scale £540 
to £745 per annum, starting salary according to 
experience Supplements of about £30 to £50 per 
annum for quahfications Possibility of advance- 
ment to higher grades in a rapidly growing de- 
partment 

Applications, with testumonmals and names of 
two referees, should be sent by November 15, 
1963, to the Secretary of the University, College 
Gate, St Andrews 


AGRICULTURAL RESEARCH 
COUNCIL 


Geneticist to work on developmental genetics 
and gene action in Drosophila, required for the 
staff of the Poultry Research Centre, Edinburgh 
Good honours degree essential Appointment as 
Scientific Officer in scale £791 to £1,309 accord- 
Ing to experience FSSU 

Applications, with names of three referees, to 
Secretary, Poultry Research Centre, King’s Bud- 
ings, West Mains Road, Edinburgh, 9 
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AUSTRALIA 
THE UNIVERSITY OF NEW SOUTH WALES 
SYDNEY 


RESEARCH 
CHEMIGAL ENGINEER 


Monsanto Chemicals Limited require a Research Chemical Engineer 
with an interest in reaction kinetics to work on chemical engineering 
aspects of high-pressure polymerization reactions This work will be 
carried out m our research facilities at Fawley, Hampshire, on the edge 
of the New Forest 


Applicants should have a good honours degree in chemical engineering 
with postgraduate or wndustnal research experience 


pee Starting salary and career prospects, non-contributory pension 
scheme 


Please send applications, giving details of age, education, and previous 
experience, to 


The Staff Officer (DL 252), Monsanto Chemicals Ltd, 
Monsanto House, 10-18 Victoria Street, London, S.W.1. 


- 


RESEARCH CHEMIST 


Applications are invited from men aged 25 to 30 years, having a degree 
in physical chemistry with postgraduate or industrial research experience, 
for a position in our modern laboratory at Fawley, near Southampton 


The work will comprise a laboratory-scale study of the kinetics of 
polymerization and copolymerization reactions at high pressures Appl- 
cants should have a sound background of reaction kinetics and a 
mechanical bent would be helpful Famulianty with the vanous methods 
of polymer characterization would be a useful qualification 


ee Starting salary and career prospects, non-contributory pension 
scheme 


Please send applications, giving details of age, education, and previous 
experience, to- 


The Staff Officer (DL 253), Monsanto Chemicals Limited, 
Monsanto House, 10-18 Victoria Street, London, S.W.1. 








BIOCHEMIST 


An opportumity occurs for a Biochemist to lead a research group with 
a Company which 1s one of the leading manufacturers ın Canada 


The work 1s concerned generally with the biochemustry of plants during 
growth and subsequent processes i 


The successful applicant will probably be between 25 and 35 and have 
a higher degree in organic or biochemistry with some interest in botany 
He should have a good background ın natural products chemistry, some 
experience in leading research, and a potential to command a high salary 
Starting salary envisaged 1s not less than $8,000 per annum, with other 
benefits, re-location expenses, etc 


Preliminary interviews will be arranged in England No approach will 
be made to present employers without the applicant’s prior knowledge and 
consent 


Applicants should send a bnef account of their qualifications and 
experience to Box No 728, T G Scott and Son, Ltd, 1 Clement’s Inn, 
London, WC 2 













invites applications for appoimtment to the posi- 
tons of 


SENIOR LECTURER/LECTURER (2 positions) 
and 
LECTURER 
SCHOOL OF MATHEMATICS 


Salary Semor Lecturer, £42,755 range £A3,255 
per annum Lecturer, £Ai,905 range £A2,605 
per annum Commencing salary according to 
qualificanons and experience Applicants must 
hold at least an honours degree of high standing 
in mathematics or have equivalent qualifications 
and be able to produce evidence of strong re- 
starch interests and expertence For appointment 
as Senmtor Lecturer a higher degree ıs essential 
The School, which 1s organized into four depart- 
ments, has active research interests in a number 
of fields of pure mathematics, applied mathe- 
matics and mathematical statistics These include 
number theory, group theory, analysis, mtegral 
transforms, general relativity, reactor theory, fluid 
flow, statistical mechanics, superconductivity, 
theoretical nuclear physics, numerical analysis, 
Stachastic processes, experimental design and dis- 
crete distribution theory (Professor of Pure 
Mathematics G Szekeres, Professor of Apphed 
Mathematics J M Blatt, Professor of Mathe- 
matics G Bosson, Associate Professor of 
Mathematical Statistics J B Douglas } The 
successful applicants will lecture in their own 
speciality but will also participate in the general 
teaching programme of mathematics im science 
and engineering courses 

Details of conditions of appointment may be 
obtained from the Agent-General for New South 
Wales, 56-57 Strand, London, W C 2, with whom 
four copies of applications and names of two 
referees should be lodged before November 15, 
1963, and a copy of the application should be 
forwarded, by air marl, to the Appointments 
Section, the University of New South Wales, Box 
1, Post Office, Kensington, New South Wales 


UNIVERSITY OF SHEFFIELD 


Applications are invited for two posts as Re- 
Search Assistant to take part m programmes de- 
signed to study (1) human chromosome abnorm- 
ality and associated disorder, and (2) chromo- 
some behaviour m normal and abnormal karyo- 
types Suitable for graduates with a first degree 
m the Brological Smences or Chemustry Initial 
salary up to £1,100 per annum, according to 
qualifications and expertence 

Please apply to the Secretary, Genetics Depart- 
ment, the University, Sheffield, 10, gwing full 
details of qualifications and experience and the 
names of two referees 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF ANATOMY 
RESEARCH FELLOW IN ENDOCRINOLOGY 


Apphcations are imvited for a Research Fellow- 
ship in the Department of Anatomy (Professor 
Sir Solly Zuckerman, CB, FRS) to study the 
influence of environmental and other factors on 
seasonal changes in the ferret The salary will 
depend on qualifications and experience and will 
wmmclude FSS U and family allowance benefits 

Further particulars may be obtained from Dr 
W P Dallas Ross, the Department of Anatomy, 
the Medical School, Birmingham, 15, to whom 
applications, naming two referees, should be sent 
as soon as possible 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF ANATOMY 
RESEARCH FELLOWSHIP IN THE 
PHYSIOLOGY OF REPRODUCTION 


Applications are invited for a Research Fellow- 
ship in the Department of Anatomy (Professor 
Su Solly Zuckerman, CB, FRS) to study the 
physiology of repraduction and in particular to 
mvestigate the control of fertility in primates 
and lower mammals The salary will be deter- 
mined according to qualifications and experience 

SU and family allowance will be pad 
Intually the appointment will be for a period of 
two or three years, which may be extended 

Further particulars may be obtained from the 
Assistant Registrar, the Medical School, Birming- 
ham, 15, to whom applications, naming two 
referees, should be sent as soon as possible 


SENIOR TECHNICIAN, REQUIRED FOR 
work on the solation and structure of protems in 
the Plant Biochemstry Section of Twyford 
Laboratories Ltd (substdiary of Arthur Guinness 
Son & Co Ltd) Opportunity for_collaboration 
in omgmal research Excellent conditions, con- 
tributory pension scheme, salary according to 
age and experience -Apply in writing to the Sec- 
retary, Twyford Laboratories Ltd, Twyford 
Abbey Road, London, N W 10 
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Graduate PHYSICIST 


(male or female) 


required at the new laboratory of the 
Gas Council Research Station, 
Watson House, Peterborough Road, 
FULHAM, 8 W6 


The project includes fundamental 
studies of the aerodynamics of com- 
bustion systems and of the combus- 
ton properties of new gases This 
involves the use of visualization 
techniques, the use of flow models 
and the development of new measure- 
ment techniques of velocities and 
temperatures in high temperature gas 
Streams 


Starting salary according to age, 
qualifications and experience will be 
within the range of £785 to £955 per 
annum 


The successful applicant will be 
required to jom the Staff Pension 
Scheme 


Applications, stating age and giving 
full details of training and expertence, 
should be sent to the Appointments 
Officer, North Thames Gas Board, 
30 Kensington Church Street, W 8, 
quoting reference NE/ 1660 





OLDCHURCH HOSPITAL 


ROMFORD, ESSEX 
(651 beds) 


RADIOTHERAPY DEPARTMENT 


Senior Technician, or Technician required for 
the above Department Duties mclude Physics 
Workshop, Isotope Laboratory, Radium and 
Mould Room work Instrument or physics 
workshop experience essential Salary £570 to 
£710 per annum Senior grade £710 to £905 
would be applicable to suitably quahfied person 
London Weighung Allowance payable 

Applications, quoting Ref 20/98, giving full 
details, including age and experience, together 
with names of two referees, and/or copies of 
testimonials to the Group Secretary at the 
Hospital 


ADVANCED SCHOOL OF 


AUTOMOBILE ENGINEERING 
CRANFIELD 


Applications are invited for appointment as 
Senior Research Fellow to carry out research 
under the sponsorship of the Nuffield Foundation 
into vibration m relation to vehicle comfort 
Candidates should possess an honours degree and 
the person appointed will be permitted to sub- 
mit his work for a higher degree The post 
would be suitable for a control engineer or 
physiologist, with appropriate experience Salary 
according to qualifications and expenence in 
range £1,275 to £1,600 per annum, with FSS U 
and family allowance The appointment 18 
intially for a penod of three years 

Applications to the Registrar, The College of 
Aeronautics, Cranfield, Bletchley, Bucks 


UNIVERSITY OF ST ANDREWS 


Applications are imvited for a Post-Doctoral 
Research Fellowship awarded by the Department 
of Saentific and Industrial Research and tenable 
1m the School of Natural Philosophy, St 
Salvator’s College, St Andrews The work wW 
be on “‘ Relaxation Time Measurements in Solids 
by Spim-Echo Techniques’’ and 1s part of an 
expanded programme of research in the field of 
nuclear magnetic resonance linked with the exist- 
ing broad-line programme There will be a con- 
siderable expansion ın all research facilities when 
a new physics building 1s occupied in 1965 The 
appomtment will be for a maximum of three 
years from a date to be arranged and the salary 
will be in the range £1,000 to £1,100 per annum, 
with FSS U_ benefits where appropriate 

Applications should be sent as soon as possible, 
and preferably not later than October 31, 1963, 
to the Secretary of the University, St Andrews, 
Scotland, from whom further details may be 
obtamed 








COLLEGE OF ADVANCED 


TECHNOLOGY 
BIRMINGHAM 


LECTURER IN PRODUCTION 
ENGINEERING 


Candidates should be able to cover subjects 
from Machine Tool Technology and Design, 
Metrology, Qualty Control Tool Engimeering, 
Methods Engmecnng, Metal Forming theory and 
practice, Applied Control Engineering including 
Numerical Control of Machine Tools, Precision 
Casting Salary scale £1,600 to £1,800 per 
annum according to qualifications and experience 
This scale 1s subject to revision followmeg the 
reference of salartes in Universities and Colleges 
of Advanced Technology to the National Incomes 
Commission 

Further particulars and forms of application 
from the Staff Officer, College of Advanced Tech- 
nology, Gosta Green, Birmmgham 4, to whom 
applications should be forwarded within fourteen 
days of this advertisement Please quote 10/63/6 





STAFFORDSHIRE COUNTY 
COUNCIL EDUCATION 


COMMITTEE 
STAFFORDSHIRE COLLEGE OF 
TECHNOLOGY 
Principal R S Paradise, BSc (Eng) Hons, 


MIMechE, AMI MarE 


MATHEMATICS AND SCIENCE 
DEPARTMENT 


Appheations are mvited for a post of Assıst- 
ant Lecturer Grade ‘* B,” duties to commence on 
January 1, 1964 Candidates should have a Uni- 
versity degree together with the ability to teach 
Physics to BSc General Degree level, and to 
assist with the teaching of Mathematics or 
Chemistry 

Participation in research will be encouraged, 
facilities and time are available 

Salary in accordance with the Burnham Tech- 
nical Scale for Assistant Lecturer Grade “ B= 
£830 to £1,760 per annum 

In certain circumstances allowances will be 
made towards the cost of lodging and removal 
expenses The Authority also has a scheme 
whereby loans towards house purchase can be 
made with a repayment period of up to 25 years 
in approved cases 

Forms of application and further particulars 
may be obtained by sending a stamped addressed 
foctscap envelope to the Director of Education 
(Staffing), County Education Offices, Stafford, 
completed apphcations to be returned direct to 
the Principal at the College by October 18, 1963 





NEW ZEALAND 


DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH 


Applications are invited for the undermentioned 
vacancy Vacancy B13/18/18/2758  Sctentific 
Officer (Paleontologist} N Z Geological Survey, 
Lower Hutt Salary Up to £1,780 a year ac- 
cording to age and expenence and further ad- 
yancement i on scientific mert  Qualhfications 
desired BSc (Hon) or MSc with zoology 
and/or geology as leading subjects Duties To 
undertake research on the systematics and history 
of Tertiary molluscan fauna of New Zealand 
and thus to contribute to their use in stratigraphy 
Passages Fares for appointee and his wife and 
family, 1f married, will be paid Incidental ex- 
penses Up to £35 for a single man and £100 
for a married man can be claimed to cover the 
cost of taking personal effects to New Zealand 

Application forms and general information are 
available from the High Commissioner for New 
Zealand, New Zealand House, Haymarket, 
London, SW L, with whom appheations will 
close on December 18, 1963 Please quote refer- 
ence B13/18/18/2758 when imquirme 





UNIVERSITY OF NOTTINGHAM 


A vacancy exists at the School of Agrreulture 
for a Techmcal Assistant m the Department of 
Agricultural Sciences to work on problems in 
Micro-Meteorology Dutres will mclude installa- 
tion and maintenance of instruments, collection 
of physical data relating to crop environment, 
and development of original instrumentation 
Preference given to applicants with HNC m 
physics, or equivalent quahfications, and experi- 
ence in use of modern recording apparatus Ap- 
pointment on one of the following scales £985 
to £1,120 per annum, or £760 to £900 per annum, 
with supplement of £50 or £30 per annum for 
appropriate qualifications 

Applications to the Secretary, School of Agri- 
culture Sutton Bonington, Loughborough 


YOUNG INFORMATION 
SCIENTIST 


with good academic qualifications to under- 
take a variety of work, mecluding abstract» 
mg, compiling bibhographies, answering 
technical maunes and editing technical 


publications A broad scientific background 
1s needed and some practical expenence of 


instruments would be an advantage Start- 
ing salary up to £1,100 per annum, with 
good prospects 


Apply, quoting reference AESM, to the 
Acting Director, R E Fischbacher, BSc, 
ARCST, AMIEE, BRITISH SCIEN- 
TIFIC INSTRUMENT RESEARCH 
ASSOCIATION, ‘Sra, South Hill, 
Chislehurst, Kent 





ROYAL COLLEGE OF ADVANCED 


TECHNOLOGY 
SALFORD 


Applications are invited for a post of Labora- 
tory Assistant from persons with experience of 
amimal house maintenance and work m experi- 
mental physiology For candidates aged 21 years 
and over the salary will be on the scale £665 per 
annum to £730 per annum The post is super- 
annuable 

Applications, giving full partuculars and the 
names and addresses of two referees, should be 
addressed to the Secretary, Royal College of 
Advanced Technology, Salford, 5, as soon as 
possible, quoting reference CH/13 


MANCHESTER COLLEGE OF 


SCIENCE AND TECHNOLOGY 


(FACULTY OF TECHNOLOGY IN THE 
UNIVERSITY OF MANCHESTER) 


Applications are invited for the following posts 
of Experimental Officers in the Department of 
Polvmer and Fibre Science (a) One Experimen- 
tal Officer to work ın the field of spectrophoto- 
metry This involves the care of the Depart- 
ment’s spectrophotometers and other optical 
measunng equipment The candidate will be 
expected to assist m research am the area of 
colour or fibre physics (b) One Experimental 
Officer to look after the polymer physics equip- 
ment and to assist in research work in this field 
Salary in the scale £880 by £40 to £1,200 Super- 
annuation scheme Family allowances 

Further particulars and forms of application 
may be obtamed from the Registrar of the Col- 
lege, The Manchester College of Science and 
Technology, Sackville Street, Manchester, I, to 
whom completed applications should be returned 
by Saturday, October 26, 1963 


MANCHESTER COLLEGE OF 


SCIENCE AND TECHNOLOGY 


(FACULTY OF TECHNOLOGY IN THE 
UNIVERSITY OF MANCHESTER) 

Applications are invited from graduates m 
physical science or technology for a Lectureship 
or Assistant Lectureship in the Department of 
Paper Science, with corresponding title and status 
m the University of Manchester Industrial and 
research experience is desirable, and candidates 
should be prepared to become interested in re- 
search in Paper Technology Some private con- 
sulting work 1s permitted Commencing salary 
will be determined according to experience tn the 
scales t Lecturer, £1,250 to £60 by £1,670 by £80 
to £2,150 Assistant Lecturer, £1,000 by £50 to 
£1,150 Superannuation under the FSSU 
Family allowances 

Application forms and further particulars may 
be obtained from the Registrar of the College, 
Manchester, I, to whom completed applications 
should be returned not later than Saturday 
November 2, 1963 


UNIVERSITY OF ABERDEEN 
DEPARTMENT OF BOTANY 


Applications are invited for the post of Lec- 
turer or Assistant Lecturer m Botany Preference 
will be given to apphcants whose interests he in 
the field of cytology or cytogenetics The ap- 
pointee will be expected to take up Ins duties b* 
October, 1964 or sooner if possible Salary or 
scale Lecturer, £1,250 to £2,150, Assistant Lec 
turer, £1,000 to £1,150, all with placing according 
to quahfications and expenence FSSU, child 
allowance and removal allowance j 











Further mformation and forms of apphcation: 
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may be obtained from the Secretary, the Univer~ } 


sity, Aberdeen, with whom applications (eight 
copies Lecturer, two copies Assistant Lecturer), 
should be lodged not later than November 18 
1963 
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“A remarkable achievement in design, consultancy 
and co-ordination”. 
ae All over the world, Baird & Tatlock have designed and 
executed laboratory installations of every type and size. 
Their service includes expert advic2 at planning stage; 
design and manufacture of special units; and, for some 
projects, on-site supervision of installation. 


For the giant CIBA Research Centre at Goregaon, 


India, BTL were called in to furnish the entire 80 
laboratories - totalling 36,000 sq. ft. of floor g 
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Some of the laboratories furnished include 


Textile Preparation & Dyestuffs Laboratories Analytical laboratories Balance Room 
Polarimeterlabs Optical Methods labs Electronic Workshop Precision Machineshop Apparatus Room 


Pharmaceutical Laboratories General Laboratories Distillation & Extraction labs Tracer labs 
~~‘ Paper Chromatography labs Pharmacological labs + Parasitology labs Bacteriology labs Hydro- 
genation laboratory 
The installation included 2950 ft. of benching | very close liaison with CIBA and their architects 
is i and 34 specially designed fume-cupboards with | -the internationally known firm of Suter & Suter. 
balanced draught systems Pre-serviced racks 
were shipped from England ready for installation | Wherever you are extending existing facilities, 
and the manufacture of all timber work in India | or planning a complete new laboratory — call in 
was closely supervised by BTL’s design consul- | the BTL Furnishings Division! This is the first 
tants, who, at all stages of the project worked in | step towards the speedy and successful comple- 
tion of your laboratory project 


[SVANUIRIO) 62 TAULO 


BAIRD & TATLOCK (LONDON) LTD. 


1 : 
complete laboratory service Laboratory Furnishings Division 


FRESHWATER ROAD, CHADWELL HEATH, ESSEX 





TAS/BT 124 
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MICROSCOPE 





Polaroid Camera 
and Adaptor 





Zoom projection eyepiece. 
Automatic magnification-indicator. 
Electronically operated photographic integrating tinar- 
Built-in 35 mm. camera with automatic shutter control. 
All illumination techniques applicable without disturbing 
‘the specimen. _ 





Automatic Integrating 


Photographic Timer For full details please send for catalogue No. CM55A 
VIGKERS INSTRUMENTS LTD. 
Successors to ' COOKE TROUGHTON & SIMS., LTD. 







C. BAKER INSTRUMENTS LTD. 
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“A remarkable achievement In design, consultancy and co-ordination”, 
All over the world, Baird & Tatlock have designed and executed 
laboratory installations of every type and size Their service includes 
expert advice at planning stage, design and manufacture of special 
units and, for some projects, on-site supervision of installation. 
For the giant CIBA Research Centre at Goregaon, India, BTL 
were called tn to furnish the entire 80 laboratories —totalling 
36,000 sq ft of floor space! 
Wherever you are planning extensions or complete new 
laboratories, call in the BTL Furnishing Division. This 
is the first step to speedy and successful completion of 
any laboratory project. 
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We are not suggesting that this amount of research has gone. 
specifically into these two latest ‘SPEEDIVAC' rotary pumps, but i 
many years of continuous vacuum investigation and develop- 
ment of vacuum pumps has lead up to their standard production 
Special features include, carefully designed lubricating systems 
which ensure silent and vibration-free running... patented 
control valves which prevent suck-back when the pump stops 

. sealed cases for gas-recirculation and recovery work. . 
the EDS00 has a patented oil-recirculation system which per- 
mits only degassed oil to enter the high vacuum stage. 


‘SPEEDIVAC’ ES35 

Ultimate vacuum without gas-ballast, better than 0 01 torr; with 
gas-ballast, better than 0 5torr Compressor rating (continuous) 
20 Ib/in? (1.4 kg/cm?) Speed 35 l/min (1.24 fP/min). 


‘SPEEDIVAC’ ED500 

Ultimate vacuum without gas-bailast, better than 00001 torr, 

ie ene better than 0.005 torr. Speed 500 l/min (177 
min}. 


se j 
OD 


f see 


7 


Bi 


won 







Peo, 
> 2 


-+ 


...OF VACUUM 3 
pT a gh at hw Yh Rii: 
- RESEARCH HOURS cet S aa 
£ i 7 i ; l bos m " oe “ id s Ś s j | we x 






+ * $ 









a f. 
T 
#3 5 
y 
r ic 
tee ‘ 
ih 0% 
CEO eI 
mt eM og y í 
a ow i 
, ee 
“ = 
sd 


in 









* 
Lin 
L 






ar 
p 
A e i A Stee 4 
ís . 






~a ££ nat 
A, r t. Ea 


k4 


2 ‘ont 


“Speedivac" products and service are available internationally 
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In basıc form, the new Watson Service 3 
Microscope is a reliable, robust and easy-to- 
use instrument for student biological micro- 
scopy. With accessories it is fully capable of 
satisfying many of the demands of advanced 
workers. Up-to-date in appearance and design, 
it possesses many outstanding features.. 





Service 3 Microscope with 
low-voltage lamp base 
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A Watson quality microscope |- 


designed to meet changing needs 
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from student use to a T f 
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ate choice of inclined monocular head, in- 

clined monocular head with dravrtube, or 
inclined binocular head All units can be 
rotated through 360° and are quickly in- 
terchangeable A vertical monocular head 
is also available 


ate rotating quadruple nosepiece accepting 
i” the full range of Watson high-performance 
sleeve-mounted objectives 
{ 


X spring-loaded 4 mm and 2 mm parachro- 
matic objectives. 


< all objectives parcentred, parfocalled 
and colour-coded for easy identification. 


«fs large acid-resisting plain stage accepts 
Watson attachable mechanical stages 


ats focusing condenser assembly for pre- 
centred or centring mounts each fitted 
with ins diaphragm and filter holder. 


afe low-placed coarse and fine adjustment 
controls, 


ate choice of three bases mirror assembly, 
concealed 25 w mains voltage lamp and 
condensing lens, concealed built-in low 
voltage lamp (6 v 18 w), light contro! unit 
and condensing lens. 


‘ ' 
slg new durable ‘ everclean ' finish. 


mechanical accessories can be used with the new S E R V i C E a 4 


If you would like to know more about this outstanding new instrument, please write for full details to 3 


W. WATSON & SONS LTD ° BARNET • HERTS 


BARNET 4404 CABLES: ‘OPTICS’ BARNET 


| i 


st 


+ 
3 


LETTERS TO THE EDITOR 


PHYSICS 


See Bipolar Negative Resistor —-H B § Brab- 

am 

Ultrasonic Excitation of Nuclear Magnetic Resonance 
of the Copper-63 and Copper-65 Nucle: in a Single 
Crystal of Copper —D J Barnes 

Dislocation Loops ın Irradiated Iron —B C Masters 


METALLURGY 


X-ray Asterism and Work-hardening in Crystals — 
Prof J G Byrne 


CHEMISTRY 


Surface Conduction m Volatile Organic Crystals —-Prof 
D D Eley, OBE,A S Fawcett and Dr M R 
Willis 

A New Organic Radical Reaction mvolving No Free 
Valence —M B Neman, E G Rozantzev and Yu 
G Mamedova 

A Direct HydrocarbonjAirr Fuel Cell--H G Oswin, 
A J Hartner and F Malaspma 

Photolysis of Sulphate Ion —Dr Jack Barrett, M F 
Fox and Dr A L Mansell 

Donnan Equilibria in Polyelectrolyte Solutions —Dr 
H Vink : 

Partial Differentiation, with Special Reference to 
Thermodynamics —G C Benson and E A Flood, 
Dr G A Elhott 


BIOCHEMISTRY 


Enzymatic Evidence for the Configuration of d-Isocitric 
Acid —Prof Alton Meister and Maryellen Strass- 
burger 

Distribution of Carbon-14 in Polysaccharide after 
Photosynthesis m Carbon Dioxide labelled with 
Carbon-14 by Anacystis nidulans —Paul Kindel and 
Prof Martın Gibbs 

Natural Occurring Variations m Rat Liver DNA 
Content —Dr Gabrielle Horvath 

Disassociation of Heart Cells by Collagenase —Dr D J 
Cavanaugh, W O Berndt and T E Smith 

A Simple Technique for the Isolation of £,C(B,A) 
Globulin —Dr M Stembuch, M Quentin and 
L Pejaudier 

Sodium—Potassium-activated Adenosine Triphospha- 
tase ın Schizophrenic Erythrocytes —-Dr Phihp M 
Seeman and Eileen O’Brien 

Compounds interfermg in the Diphenylamuine Test for 
Deoxyribonucleic Acid —Dr J B Lee 

Variants of a,-Acid Glycoprotem —Dr K Tokita and 
Dr K Schmd 

Sorption of Copper by Wood Constituents —David E 
Bland í 


* * 


PHYSIOLOGY 


Perinatal Changes in the Fluid and Electrolyte Content 
of Rat Liver—Dr D S Parsons and Dr G D V 
van Rossum 

Strontium-—Caleium Discrimmation by the Human 
Placenta —-Joseph Rivera : 

Influence on Capillary Permeability of Lymph dis- 
charged from a Scald —Dr I A Oyvm,S M Shegel 
and E G Yagodkina 


PHARMACOLOGY 


Quaternized Sympathomimetic Ammes —Prof J H 
Burn, FRS, Dr M F Cuthbert and Dr R Wien 
Skm Reaction to Intradermal Injection of Rare 
Earths —Prof Thomas J Haley and Harvey C 

Upham 

Some Biological Properties of ‘Tbufenac’, a New Anti- 
rheumatic Drug —S S Adams, E E Cliffe B Lessel 
and J S Nicholson — 


 HUEMATOLOGY 
The Camel’s Erythrocyte —Dr K Perk . 


IMMUNOLOGY 


Immunological Changes and Therapeutic Effects of 
Convalescent Serum after Injury by Burns —L 
Koslowski, Dr B Urbaschek and R Verstey!l 


Page 


253 


273 


Effect of Neonatal Thymectomy, Buisectomy and 
Thymo-bursectomy on Hemagglutimin Production ın 
Chickens —Dr Katarma Isakovic, Prof Branislav 


z= Jankovic, Ljiljana Popeskovic and Dafina Milo- 
eve 


HISTOCHEMISTRY 


Blocking the Ninhydrm—Schiff Reaction with Copper 
Ions —Dr Gy Rappay 

New Data concerning Histochemical Structure of the 
Myocardium —S S Saidresulov ` 


RADIOBIOLOGY 


Relative Biological Efficiency of Negative p-Mesons 
and Cobalt-60 y-Rays—Dr D R Davies, A H 
Sparrow, R G Woodley and A Maschke 

Cesium-137 Body Burden ın Persons chosen at Ran- 
dom from Selected Areas in Norway —Kjell Madshus, 
Aksel Stramme and Kristian Koren 


BIOLOGY 


Reduction of Radiation Mortality through Magnetic 
Pre-treatment —Prof Madeleine F Barnothy 

Distribution of Cyanole and Neutral Red in the Giant 
Axon of the Squd-—-~Dr N N Nhikolsky and Dr 
S A Krolenko 

Dispersal Rates of Several Ungulates mtroduced into 
New Zealand —Graeme Caughley 

Significance of Allopreening in the Red Avadavat and 
its Development in Other Birds —J H Sparks 

Fertilization of Hamster Eggs n witro—-R Yanag- 
machi and Dr M C Chang 

Distribution of Nuclez m a Heterocafyonsf Pemedlrum 
expansum —-~Prof George L. Barron 

Rapid Changes in Transpiration in Plants —Dr H 
Meidner and Prof O V S Heath, FRS, Dr 
Henry Rufelt : 

Effect of Chloramphenicol on the Uptake of Salts and 
Water by Intact Castor On Plants -Dr D J F 
Bowling 


VETERINARY SCIENCE 


Prophylactic Activity of Surammn Complexes in ‘Surra’ 
(Trypanosoma evans,)—B S Gil and M N Mal- 
hotra 

Mechanism of Early Sporidesmin Intoxication in 
Sheep —J Andrew Peters 

Correlation between the Reaction of Horses to a 
Pyrogen and thew. Immunological Responses in 
Antitetanic Serum Production —L Chiosa, Dr N 
Muntiu, C Constantinescu, Gh Prelipceanu and 
I Boneicat 


ENTOMOLOGY 


Some Differences in the Passage of Food through the 
Intestines of the Desert and Migratory Locusts — 
Dr Derek Goodhue 

Feeding Adult Mosquitoes on Solid Sugars —Donald 
A Eliason 


MICROBIOLOGY 


Influence of Time of Addition of Antibiotic on the in 
vro Life of Rumen Holotmch Protozoa —D B 
Purser and H H Weer 

Proteolytic Activity of Growth Media Filtrates from 
Non-pathogenic Species of Verticillium -—J A Leal, 
Isabel Garcia Acha and Dr J R Villanueva 


VIROLOGY 


Effect of Basic Dyes on Host-cell Reactivation of 
Ultra-violet-irradiated Phage ---Dr Rose R Femer 
and Prof Ruth F Hull 


GENETICS 


Stablizing Selection and ‘Balanced Combinations of 
Polygenes” —-Dr W Scharloo 

Transmission and Segregation of a Non-chromosomal 
Factor controllmg Streptomycm Resistance m 
Diploid Chlamydomonas —Nicholas W Gillham 


Page 


273 


285 


286 


294 


evi NATURE October 19, 1963 





after Kohn Mk.I! 
for all 
electrophoresis 
techniques 


Fig. 1 
Kohn tank with six 
Z 2 5 cm mde cellulose 
a acetate strips 





The versatile Shandon UNIVERSAL Electrophoresis Apparatus, Mk. IJ (Fig. 1), consists of a one-piece 
moulded Perspex tank, double-walled to allow the circulation of water or other coolant. The inclined trans- 
parent Perspex lid forms a draught- and vapour-proof seal with the water jacket. The bridge gap 1s adjustable 
from 8 cm to 16 cm wide 

The apparatus is ideal for use with cellulose acetate strips, starch, agar gel, or filter paper, and a full range 
of accessories can be supplied The Shandon Vokam Constant Voltage/Constant Current Power Supply 1s 
specially recommended for use with the Kohn Tank 


Shandon’s latest developments now make it 
possible to use the advanced mucro-1mmuno- 
electrophoresis technique as a routine analytical 
method Shandon micro-1mmunoelectrophoresis 
accessories for the UNIVERSAL Electrophoresis 
Tank will fit any electrophoresis apparatus with 
electrode compartments at least 94 inches long 
Fig 2 shows the Kohn Tank and Lid, with Slide 
Tray, Gel Contact Troughs and Vokam Power 


Supply 





Write or phone today for illustrated leaflets on the Shandon UNIVERSAL Electrophoresis Apparatus and 
Equipment for Micro-Immunoelectrophoresis 


ETE ker SHANDON SCIENTIFIC COMPANY LIMITED 


6S POUND LANE WILLESDEN LONDON NWIi0 Tel: WiLlesden 8671 
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INTERACTION OF SCIENCE AND THE STATE 


ELDOM, if ever, can two major addresses at a British 
Association meeting have directed such pomted 
attention to the address of an earlier President as was 
done at Aberdeen Sir Ene Ashby’s tribute (see Nature, 
199, 877, 1963) to lus predecessor was forthright and 
generous enough, yet a few nights later Prof R V Jones 
built his evenmg discourse on “‘Science and the State” 
(seo Nature, 200, 7, 1963) largely around the presidential 
address which Lyon Playfair delivered when the Associa- 
tion met at Aberdeen m 1885—quotmg meidentally the 
passage from the presidential address of the Price 
Consort at the first meeting of the Association m Aberdeen 
in 1859, which Playfair took as his own text Prof Jones 
displays the range and versatility of Playfair’s interests 
and mind, recalling that ıt was pomted out to the Govern- 
ment at a conference on the neglect of science m May 
1916 that m the whole history of British Governments 
there had been only one Cabmet Minister who was a 
trained professional man of science—Lord Playfair 
Appropriate as was this tribute to Lord Playfair at this 
year’s Aberdeen meeting, 1t 1s equally welcome for its 
relevance to the present-day debate on the relations 
between Government and science, and the announcement 
of Prof Jones’s return to the Mimstry of Defence for some 
months, made shortly before Ins lecture, added mterest 
to his remarks Prof Jones regrets that, m the address 
over which he runs his critical eye, Lyon Playfair makes 
no reference either to the relations between science and 
the Services or to the general question of wisely making 
and umplementing scientific policy These subjects apart, 
Prof Jones’s survey of Lyon Playfamw’s address demon- 
strates not merely the umpressive range of ns mterest 
but the prescience and pertinence even to-day of many 
of Playfam’s comments. Over science and education, the 
responsibilities of Government for the schools, the balance 
between classical and scientific studies m the curriculum, 
the place of science m the universities, the relations 
between the universities and other research establsh- 
ments, between science and mdustry, and the critical 
importance of fundamental research, Playfair ranged with 
a vision far ahead of his contemporaries Prof Jones, 
brmging the historical survey up to date, remarks justly 
how many mistakes might have been avoided had Play- 
fair’s advice been taken 
What makes Prof Jones’s lecture one of the major 
events of the Aberdeen meeting 1s, however, essentially 
his discussion of the two topics which Playfeir omitted, 
but to that discussion his review of earlier relations 
between Government institutions and research establish- 
ments 18 entirely relevant Welcommg the recent report 
of a working party of the Federation of British Industries 
on Cunl Research Policy (see Nature, 199, 725, 1963), with 
its awareness of the need for more co-ordmated support 
of scientific research in the universities, Government 
establishments, the research associations and industry 
generally, Prof Jones puts a reasoned argument for such 
co-ordination Broadly speaking, Ins argument is an 
extension im general terms of that advanced regarding 
physics departments m the universities in the recent 
report of the committee appomted by the Council of the 
Institute of Physics and the Physical Society, of which 
he was chairman (see p 200 of this issue of Nature) 


Prof Jones stresses the effect on the balance of our 
research effort to-day of the redistribution of that effort 
during the Second World War, particularly ın any field 
such as physics m which the supply of scientists is m- 
sufficient to meet the demand It was, he pomts out, a 
pure accident, though a consequence of the foresight which 
led Britain to recruit scientasts to Government establish- 
ments in support of air defence just im time that, wheroas 
in the United States the universities, in which much of 
the war research effort was necessarily concentrated, 
mereased considerably m strength compared with the 
Government establshments, the reverse happened in 
Britain We have yet to take sufficient account of the 
consequences of a separation of Government establish- 
ments from the universities and the creation of conditions 
which greatly restrict the mterchange of staff Moreover, 
this ıs quite apart from the fact that Government estab- 
lishments are now often able to offer not only higher 
salaries, better equipment and more generous technical 
assistance than the universities can do, but also the 
prospect of giving more tıme to actual research, including 
fundamental research 

Prof Jones recognizes that this position applies more 
especially to physics ın view of its greater mvolvement 
with matters of national defence during the past thuty 
years, but he pomts out thet Britain’s smaller resources 
make ıt essential for her to be even more careful than the 
United States in husbandmg her scientific potential, both 
for teaching and for research. Tt ıs just as unportant to 
reahze the teaching potential locked up ın the Govern- 
ment establishments as ıt 1s to reahze the research potential 
of tho universities, and of the colleges of technology also 
Nor ıs 1t a simple matter to secure the most efficient use 
of Britain’s most precious resource—highly tramed 
scientific manpower—even m imdustry, let alone the 
universities It 1s a problem to be tackled not piecemeal 
but on a national basis, and Prof Jones regards the 
securmg of a better balance between universities and 
Government establishments and between these and the 
requrements of mdustry, the technical colleges and the 
schools as one of the most mmportant problems con- 
frontmg both science and the State m modern Britam 

Some awareness of the mmplhcations of this situation 
was shown two years ago in the Zuckerman Report, The 
Management and Control of Research and Development 
(see Nature, 193, 710, 1962) However, although Govern- 
ment departments have been reported to be rmplementmg 
that Commuttee’s recommendations, the results as regards 
interchange of staff or location of establishments do not 
as yet appear to have been appreciable For a decade or 
more, too, the educational potentialities of the research 
associations have been emphasized m these columns, but 
so far with httle, if any, effect Prof Jones, none the less, 
sees this as an urgent and critical problem in the expansion 
of higher education itself as well as ın the more effective 
deployment of Britam’s research effort 1t 1s to be hoped 
that neither the Robbms Commuttee nor the Trend Com- 
muttee will fail to report clearly and emphatically on the 
issue 

Tt is from this issue that Prof Jones comes to consider 
specifically the question of science in the defence effort, and 
here he welcomes the changes m organization proposed in 
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the recent White Paper on the Central Organwaton for 
Defence (gee Nature, 199, 1021, 1963) These changes, ho 
thinks, will prevent the scientific staff attached to the 
central Chiefs of Staff organization, with no executive 
duties, from bemg overburdened by administration, and 
hence enable ıt to devote its whole time to the study of 
the influence of advanemg knowledge on the problems of 
defence—conditions such as were advocated by Sir Henry 
Tizard ın his lecture to the Royal United Services In- 
stitution in 1946 Prof Jones believes that the new 
arrangement increases the strength of the Chief Scientific 
Adviser, placing him on the Defence Council alongside 
the Chiefs of Staff of the three Services, and that it 1s a 
wise arrangement for those three Services to keep enough 
of ther mdividualities and traditions to preserve the 
loyalties which have contributed so much m emergencies 
to their fighting sprit The mergmg at the higher levels 
he regards as assistmg national and economic planning, 
and he also regards science and technology as a main 
factor ın unifymg the Defence Services and lowermg the 
barriers between them 

Beyond this, Prof Jones makes no reference to the 
admunistrative structure or to any relation between the 
Defence Research Committee and the Advisory Council 
for Scientific Polhey Nor does he refer to the position of 
the Minster for Science, though he quotes with approval 
a suggestion made by Colonel Alexander Strange in a 
lecture to the Royal United Services Institution as long 
ago as 1871 for a Minister of Science, responsible for ali 
scientific national mstitutions, and advised by a per- 
manent, independent and highly qualified consultative 
body and a similar body to advise the Secretary of State 
for War and the First Lord of the Admiralty He does 
not comment on Lord Hailsham’s recent book, Sczence 
and Politscs (see Nature, 198, 1123, 1963), but some 
criticism of Lord Hailsham’s position 1s implicit in the 
lecture 

Generally, Prof Jones would appear to be satisfied with 
an organization which ensures the communication of 
scientific advice effectively at the highest level, as Lord 
Lows Mountbatten described ın his remarks at the 1962 
anniversary dinner of the Royal Society. None the less, 
he does suggest that all ıs not well with Britaim’s national 
organization of science, nor would it appear that he ıs 
entirely satisfied with some of the research arrangements 
contemplated in the new Defence organization Some 
rationalization 1s needed, and Britain is m danger of 
repeating the German error of allowing mdividual centres 
to become just too strong and mdependent for coherent 
organization and economic direction 

It is here that he insists on the need for strong leader- 
ship from the Ministry for Science, and he clearly does 
not share Lord Hailsham’s reluctance for central planning 
and leadership Nor is he unduly concerned that great 
responsibility must rest on a relatively small number of 
men This he regards as mevitable, and he points out that, 
especially in defence matters, executive decisions have 
often been taken by mdividuals He would use the 
committee system where possible, remembering, however, 
that decisions taken by a Committee are sometimes less 
sensible than those which any of its mdividual members 
would have reached The important thing 1s that science 
should be so organized that some of Britain’s best men of 
science are in key-admmustrative positions in Government 
so that policy decisions affecting science are not taken by 
non-scientific men, whose judgment is at the best based 
on how mdividual scientists have convinced. them 
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Prof Jones 1s confident that Britain 1s still great 
enough to produce men of the right calibre, and here he 
agrees with Sir Charles Snow as to the danger of isolation 
His own solution 1s to provide a small forum for each of 
the principal scientific advisers to the Government Each 
forum would consist in the main of scientists, as nearly 
as possible the advisei’s equal, so chosen that the mem- 
bership covers the full range of his activities, and 
including some relatively young men to ensure that the 
necessary energy, imagmation and working contact with 
the most modern technology are available If the adviser 
were as wise as he should be he would consult the forum 
before takıng any decision, and while the responsibility 
would remaim his alone, he would take his decision only 
after having heard the relevant arguments Moreover, he 
would be able to justify ıt m any subsequent encounter 
with his forum 

Prof Jones believes that such a forum would piovide 
the only sanctions needed to prevent the mdividual from 
abusing his power, beyond those already set by Britain’s 
form of Parhamentary Government—and his suggestion 
is based on experience with ıt in a hmited field during 
the Second World Wa: It certainly appears to offer the 
possibilty of avoiding some of those errors of judgment, 
at least in the scientific and technical field, which Prof 
Brian Chapman has so strongly mdicted in his recent 
book, British Gove: nment Observed *, and which he mghtly 
insists we can, no longe: afford The suggested forum has 
in any event, superficial resemblance to the “‘cabinet”’ or 
“private office’ with which, Prof Chapman suggests 
ministers should be provided to assist forward planning 
What is curious, however, 1s that, m the context in which 
he writes, Prof Chapman gives no attention to this ques- 
tion of the jection of scientific consideration into matters 
of State, neglect of which might well be the determing 
factor ın the loss of prestige and influence by Britan 

This bhnd spot ıs the more surprismg m that Prof 
Chapman m his glance at the French admmustrative 
system and the recruitment of civil servants, notes with 
approval the care taken to avoid creating mere technical 
experts and to provide, on the contrary, men of unassail- 
able technical competence who have also throughout their 
careers been learning the art, techniques and discipline 
of general administration Moreover, with this recruitment 
to ngh admunustrative office of men of widely different 
backgrounds and general admimustrative experience, Prof 
Chapman, also stresses the deliberate uso ın European 
ministries of the cabmet system of a munister’s private 
office, m which the policy-making function 1s concen- 
trated, as a foremg ground for younger men of talent 
By such means, European countries have, he believes, 
created for themselves a reserve of administrative talent 
unknown to the higher British Civil Service 

Prof Chapman makes three mam criticisms of Britaimn’s 
present system and practice of Government, but before 
considering these and their umplications the mportance 
of the mechanism of tendering scientific and technical 
advice and the stage at which it 1s mjected should agamn 
be emphasized While there are undoubted weaknesses 
in the present structure, there is little evidence to show 
that the systems in vogue ın Europe or m the United 
States offer any substantial advantage over that of 
Britain, 1f 16 18 properly used and staffed The National 
Centre for Scientific Research m France, which 1s the 
chief body responsible for basic research there, is attached 
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to the Ministry of Education and 1s responsible for the 
analysis of scientific development for the Government, 
and the Mister of Education 1s a member of the Inter- 
departmental Committee of Scientific Research, of which 
the Prime Minister 1s chairman This Committee of 
Ministers 1s advised by a Consultative Committee on 
Scientific and Technological Research, but it 1s not easy 
to see from the report on scientific and technological 
research under the Fourth Plan 1962-65, published ın the 
current issue of Minerva (1, No 4, 1963), or from the 
annual reports of the National Centre, what mbherent 
advantage this system offers over Britain’s, 1f the Office 
of the Minister for Science were reasonably strengthened 
and some rearrangements made 

Nor does Dr A Hunter Dupree’s article m the same 
issue, “Central Scientific Orgamzation m the United 
States Government”, suggest that Britam has much to 
gain by adopting the tripartite structureevolved ın the Office 
of the President The Advisory Council for Scientific Policy 
obviously serves many of the functions of the President’s 
Science Advisory Committee, though Britain has yet 
nothing quite correspondmg to the Federal Council of 
Science and Technology, and any analogy between the 
Special Assistant to the President for Science and the 
Minister for Science could be misleadmg Dr Dupree, 
who does not appear to share Prof Jones’s view that the 
American universities emerged stronger from the War, 
looks to this structure to be effective m makmg choices 
between fields correctmg the mherent and valuable 
pluralism of science itself The essence of his review 18 
that every State must achieve for itself a balance between 
central unity and this essential plurality, which 1s im 
harmony with 1ts own traditions and 1ts own institutions 
He insists that the scientific community itself has to give 
serious thought to the protection of the mstitutions 
through which science manifests its pluralty At tho 
same time, because decisions concerning priorities m 
scionce have to be made on behalf of the general com- 
munity, there 1s also necessary a central scientific organ- 
ization, aware of the social and political mmpact of science, 
and capable of assisting the authorities of the whole 
community m making such decisions about the organiza- 
tion of research. 

Nor ıs this view of what 1s essential mvaldated either 
by an article by Prof D Auger on “Scientific Co-operation 
m Western Europe’, which appeared alongside Dr 
Dupree’s article, or by the even more recent report, 
Scrence and the Policies of Governments *, from the Advisory 
Group on Science Policy of the Organization for Economie 
Co-operation and Development Whuile Prof Auger sees 
some need for further systematization m the scientific 
and technical fields, he advances no criticism of the 
national structures which form the basis for mternational 
co-operation ‘These seem to be sufficiently harmonious 
to facilitate and not to hmder scientific work 

Likewise the report on the imphcations of science and 
technology for national and mternational affairs recognizes 
that any pohcy developments at mternational level must 
be firmly based on the nght relations between science and. 
policy making at the national level Its arguments for 
the establishment by all Governments of what 1s described 
as & ‘science and policy office’ and the duties which 1b 
suggests for such are familar to all who have followed 
the debates m Brtam on the functions of the Minister 

* Organizahon for Economic Co-operation and Development Science and 
the Policies of Governments The Implications of Science and Technology for 
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for Science, but ıt will be noted that they refer particularly 
to the need for adequate research ın the social sciences 
and the humanities 

If there is no convinemg evidence ın all this that there ıs 
anything seriously amiss with Britain’s existing structure, 
though some that could n various ways be modified and m- 
proved, tho real indictment 1s exactly that which has been 
brought against Britain’s overseas broadcastmg services— 
that the organization 1s not sufficiently used and adequately 
supported It 1s a question of Government will-power 

This question of will-power brings us to the heart of 
Prof Chapman’s main criticisms First, he believes that 
Britain’s loss of prestige and failure to deal adequately 
with the problems of the modern State are due to failure 
to revise archaic procedures and to reform the institutions 
for makmg policy Next, he believes that this 1s accentu- 
ated by Britain’s failure to recruit talent to the work of 
Government at all levels, from Ministers and Members of 
Parlament to the higher ranks of the Civil Service and 
to local government Thirdly, the consequences of all this 
is the worse because of secrecy which surrounds so much 
of the work of Government, and particularly the making 
of policy, so that effective public discussion before decisions 
are taken and mistakes are made 1s almost impossible 

Prof Chapman recognizes that this last 1s not solely a 
question of secrecy but also of the quality of mformation, 
much of which falls short of the standard which should be 
used m British Government The factual material on 
which policy 1s based ıs sometimes bad and sometimes 
non-existent Although the Plowden Report (see Nature, 
192, 485, 1961) pomted ın the right direction, much more 
use could be made of the techniques of operational 
research and computers to provide the data on which 
decisions should be based and to enable these decisions to 
be reached much more swiftly. 

That issue could be jomed with Prof Chapman, and 
some mmor pomts should nov prevent those scientists who 
are concerned to see that scientific factors receive full 
weight m the making of pohcy and taking of decisions 
from, encouraging such a marriage. Prof Jones’s proposal 
of a forum for the scientific advisers 1s m keeping with 
Prof Chapman’s emphasis on the mportance of mformed 
and authoritative discussion. The proposal to open up the 
top of the Administrative Class of the Cıvıl Service to 
outside recruitment 1s scarcely new, but Prof Chapman’s 
recommendations would carry the process a good bit 
further. The tardmess with which the much more hmited 
recommendations in that direction of the Plowden Report 
and the Zuckerman Report have been implemented pomt 
to a lack of zeal or will-power on the part of the Govern- 
ment The practice and structure of Government may now 
be receiving more attention than Prof Chapman seems 
mclmed to admit, although he welcomes some of the 
proposals of the Plowden Commuttee for reform of the 
Treasury as likely to unprove the quahty of the Treasury’s 
contribution to central Government ‘To secure attention 
in these fields on the scale and with the urgency required, 
and still more to effect the reforms he suggests m the 
efficiency of Parhament itself, the creation of strong 
regional centres of Government or the revision of the laws 
of official secrecy will require much informed discussion 
and the creation of a strong body of public opmion To 
the creation of that opmuion, Prof Chapman’s little book 
makes a contrmbution which may be all the more valuable 
in that ıb 1s timed to inform the discussion in due course 
of both the reports of the Robbins Committee and of the 
Trend Committee 
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HIGHER EDUCATION IN PHYSICS 


| BB see G the past few years a spate of reports and 
letters bewailing the difficulties of academic scientists 
has reached the journals and the newspaper Press Al- 
though many different views have been expressed, their 
sheer number shows that there are urgent problems which 
must be tackled Two years ago the Institute of Physics 
and the Physical Society established a commutteo, under 
the chairmanship of Prof R V Jones, to study problems 
facing university physics departments, especially those 
affecting therr growth This commuitteo submitted some 
striking evidence to the Robbins Committee on Higher 
Education in 1962 (see Nature, 193, 922, 1962) and has 
now completed its work 

The final report * deals with a wide range of problems, 
and the conclusions are well supported by detailed argu- 
ments based on data drawn from many sources, mcluding 
a special enquiry among all university physics depart- 
ments Although some of the problems are specific to 
physics, this report should be closely studied by all 
scientists and those responsible for the administration of 
scientific work 

Certain conclusions are clearly of the greatest :mport- 
ance For example, the physicists are unanimous in their 
view that there must be active research work, both pure 
and apphed, within all university physics departments, 
“an order (a) to attract physicists of cahbre adequate to 
carry out teaching, and (b) to transfuse this teaching with 
the inspiration of the living and excitmg subject that 
physics 18° University research 1s seriously hampered 
to-day by lack of skilled technical help and, frequently, 
by lack of funds for equipment and tiavel If the expan- 
sion of student numbers, which the Government desires, 
is to be achieved, then this report makes a convincing 
case for increased support for research 

At the present time a great deal of basic physics 
research in Britain, both pure and applied, 1s carried on 
in Government research laboratories Unfortunately, very 
httle of this, often excellent, work bonefits either under- 
graduate or postgraduate education This is not the case 
in the United States, where, durmg the Second World 
War, the Admumustration farmed out to research teams 
in universities problems that would have been tackled by 
Government establishments in Britain This difference m 
approach has had a lasting effect ın both countries, but 
it 18 now urgent that some way should be found for 
gradually changing the pattern of Government spending 
on research in Britain A larger fraction than at present 
must be directed to the support of university research 

If the universities are active centres for research and 
if the research workers can obtain reasonable financial 
support for projects, which are blessed by their fellow 
scientists, then ıt should be possible to recruit the teaching 
staffs required to implement the Government’s target of 
150,000 full-time students ın universities by 1966-67 To 
achieve this total, up to 40 per cent of the Ph D output 
must be attracted to the profession of university teacher 
As already argued, this requires adequate funds for 
research, much more technical help than at present and 
undoubtedly some improvement in the present salary 
structure 
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Despite the 1963 revision of the qumquennial grant 
(1962-67), ıt 1s clear that the University Grants Committee 
has failed to persuade the Treasury to give the universities 
an adequate growth-rate for the annual grants For 
example, durmg the 1957-62 quinquennium student 
numbers increased by 45 per cent per annum This 
growth was achieved with financial grants increasing at 
12 per cent per annum, and there ıs evidence that stan- 
dards, such as the staff/student ratio, have declined 
slightly The Government plan for the present quin- 
quennium calls for a student growth of 6 2 per cent per 
annum, but the financial grant grows only at 11 per cent 
per annum To quote the report again “if the final 
numbers are achieved, 16 will only be at the expense of 
the staff/student ratio and basic support for research” 
This must not be allowed to happen Britam needs 
to merease opportunities for higher education, but 
all concerned must be prepared to pay the proper price 

The Office of the Minister for Science should give close 
attention to this report, and ıt is to be hoped that the 
Government will take urgent measures to improve the 
situation The long-awaited reports of the Robbins Com- 
mittee and the Trend Committees on the orgamization of 
civil science ought to deal effectively with many of the 
more serious problems raised by the physicists 


BEARING OF MODERN RESEARCH 
ON EVOLUTION 


Evolution 

The Modern Synthesis By Sir Julian Huxley Second 
edition with a New Introduction Pp.1+652 (London 
George Allen and Unwin, Ltd, 1963) 42s net 


CLASSIC 1s defined as a work that defies the passage 
of time and preserves its intrinsic value and interest, 
even when the conditions under which 1+ was conceived 
are no longer the same as those in which ıt continues to 
be appreciated This 1s the secret underlying the work 
of Leonardo, Shakespeare, or Brahms, and ıt means that 
although a classic may be dated it 1s not out-dated In 
the humamities, works of art are created by human 
genius and remain as they were although standards of 
criticism apphed to them improve In the natural 
sciences, however, although an outstanding analysis or 
synthosis may be likened to a work of art, ıt 1s rmmersed 
in a constantly moving stream of progress represented by 
advances in knowledge in overy direction ‘The great 
experiments devised and performed by pioneers in science, 
the discoveries resulting from them and, to some extent, 
the publications ın which they were described, remain to 
be admured for all time, although possibly now read more 
often by historians of science than by practising scientists, 
but text-books or attempts to provide round-ups of the 
state of science at any given time for the benefit of 
students wither mto obsolescence and fall into disservice 
at mereasing rates as the tempo of successful scientific 
advance increases 
A special position 1s occupied by Darwin’s Origin of 
Specres, sometimes regarded as a fine monument of 
Victorian achievement that some scientists, m the 
enthusiasm. of their pursuit of new hnes of research, would 
be propared to leave to the historians This would be 
a pity, because that extraordinary book, for all the pro- 
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gress that evolutionary studies have made in the past 
hundred years, continues to provide not only a fundamen- 
tal framework in which to interpret all phenomena of 
biology but also general prmeiples on which new pro- 
grammes for observation and experiment can profitably 
be based, and, ın addition, can still suggest unsuspected 
new fields for such activities, so wide was tho observational 
catchment-basin and so sound the judgment and uncanny 
dumb sagacity of its astonishing author 

It is against this background and, to a large extent, this 
heritage that we must consider the uncommon pheno- 
menon of the re-issue, in 1ts origmal and unaltered text, of 
a twenty-year-old text-book devoted precisely to this field 
in which such spectacular advances have been made 
during these same twenty years Sir Juhan Huxley’s 
Evolunon The Modern Synthesis, which may be regarded 
as companion, commentary and extension of the Origin 
of Species When it was first published in 1942 the time 
was appropriate, for the author had (but only recently) 
had the benefit of the epoch-making integration of the 
principles of Darwinian selection with those of Mendelian 
genetics, largely due to the insight and abihty of the 
late Sir Ronald Fisher, whose great Genetical Theory of 
Natwal Selection had been published only a few years 
previously, in 1930 From that time on, the chaos and 
confusion into which evolutionary studies had fallen in 
the earher decades of this century (still detectable in 
works that refer to the modern theory of evolution as 
‘routationist’) were dispelled and removed, and the way 
opened for co-ordmated research by observation and 
experiment on evolution in every field of biology This 
great opportumty was biilhantly seized by Sir Julhan 
with the result that his book became the first general text- 
book to deal authoritatively and comprehensively with the 
new situation created by the formulation of the synthetic 
theory of evolution, to show the general principles to be 
derived from 1t and therefore to provide the student and the 
,esearch-worker with an indispensable chart and compass 
The remarkable thing 1s that now, ın 1963, the same chart 
and the same compass are no less useful than they were 
twenty years ago. The book ıs a classic, and ıt 18 to be 
welcomed that the author and his publisher decided to 
leave the body of the text just as ıt was, and to prefix an 
introduction of 37 pages directing attention to the more 
important results achieved during the past twenty years 
Even new principles, such as those of genetic assimilation 
or allotypy, fall into place 

To review such a book, ın detail, a second time would be 
uncalled for (see previous review, Nature, 150, 747, 1942), 
nor 1s there any need to comment on the selection of new 
work included ın the introduction except to say that 1t 18 a 
remarkable achievement I shall merely add that, although 
it has been known since 1859 that evolution by natural 
selection was a unifying concept for all biology, ıb 18 only 
now becoming clear how all-embracing it ıs, and how 
closely ıt knits together the numerous and ever-increasing 
branches and experimental disciplines of biology The 
synthetic theory of evolution has also enhanced and raised 
the scientific status of cortam branches of natural history 
For example, ornithology has been recognized since the 
days of Gilbert White as a most respected field for ama- 
teurs Ornithology, ın the form of the birds of the 
Galapagos Islands, supplied Darwin with the stimulus to 
question the fixity of species Ornithology revealed the 
principle of territory and its significance in bird life, 
worked out by Elot Howard, and the biology of epiga- 
mic characters, courtship and display im birds was the 
subject of some of Sir Julian’s own early researches 
Paradoxically, the Origin of Specres, itself the product of 
pioneer work in the field, sent biologists indoors into their 
laboratories for half a century, working out the com- 
parative anatomy, embryology, and paleontology of 
the representatives of the various evolutionary trees, all 
indispensable work Now, biologists have gone out into 
the field agam, having remembered that Darwin himself 
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was the founding father of ecology, a movement m which 
Sir Juhan has played a leading part Durmg these recent 
times, ornithology has made giant strides, in species 
identification, behaviour studies, analysis of bird-song and 
the modalities of its learning, control of reproductive rato 
and clutch-size im relation to ecological and climatic 
conditions, polymorphism not only of adults but also of 
eggs combined with mimucry in cuckoos and 1ts genetic 
control, census and measurement of population size, 
geographical races and spread of range, climes and ecologi- 
cal ‘rules’, species-formation im ring-species where ıt can 
be observed actually ın progress, migration and its 
relation to ecological and hormonal factors, homing and 
orientation im flight in relation to meteorological and 
astronomical factors, the application of biochemical 
technique to egg-albumens as indicators of affinity, and 
the principle of mosaic evolution as revealed by that most 
remarkable of fossils, Archaeopteryx 

Studies in the field can now be accompanied and con- 
trolled by exact analysis in the laboratory, which can lead 
to novel situations, as, for example, the fact that modern 
techniques have made the sounds of bird-songs more 
susceptible to exact analysis than visual observation of 
form, colour and pattern, previously regarded as the chief 
aids to species-identification All this co-ordination of 
poimts of view and cross-fertilization of effort, due pru- 
marily to the concept of evolution by natural selection, 
1s an integrative achievement of which biology may well 
be proud, and physicists perhaps envious This book 1s 
the best guide to it GAVIN DE BEER 


THE ROWETT INSTITUTE 


Progress in Nutrition and Allied Sciences 
Being a contribution marking the first fifty years of the 
Rowett Research Institute Edited by D P Cuthbertson 
Pp xvu+452 (Edmburgh and London Oliver and 
Boyd, 1963) 50s 
N the fifty years of its growth the Rowett Institute 
has had two directors The first was John Boyd 
Orr, who started ıt from nothing and tended it 
for 33 years before handing ıt over to David Cuthbertson, 


‘who has achieved the great expansion of 1ts activities 


recorded m this Jubilee volume of progress It 1s fitting 
that the Golden Jubilee Year of the Rowett Institute 
should be the oceasion of the sixth International Congress 
of Nutrition which 1s being held in Edinburgh with Lord 
Boyd Orr as ıts honorary president and Dr D P Cuth- 
bertson as its president 

It is enlightening ın this day of costly buildimgs and 
equipment to read of the terms of the appomtment of 
Boyd Orr in 1913 to a post for research in anımal nutrition 
from a Jomt Committee of the University of Aberdeen 
and the North of Scotland College of Agriculture, and 
of his early presentation to that Committee of plans 
for a much larger project than their ideas and funds 
origmally permitted Although the First World War 
interrupted the plans, the idea of establishing a Nutrition 
Research Institute was encouraged from Government and 
private sources The largest private aid came from 
Mr John Quiller Rowett, whose name the Institute 
commemorates The new building was opened by H M 
Queen Mary in the autumn of 1922 Then the research 
work begun in the small stone building at the farm at 
Craibstone could expand and the flow of distinguished 
workers already associated with the Institute could n- 
crease = 

The history of the Rowett Institute from 1913 until 1945 
is lovingly sketched by Lord Boyd Orr in the openmg 
chapter, and its all-too-bmef pages mdicate how the 
unflagging pursuit of a vision by a man of courage and 
persuasive charm. can build up a research foundation able to 
contribute much for the welfare of mankind In this 
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history 1s included a short account of the setting up of the 
Imperial Bureau for Nutrition and of the beginning of the 
journal Nutrition Abstracts and Remews which carries 
information on anımal and human nutrition to all parts 
of the world. More mformation on the growth and 
expansion of the Bureau, now the Commonwealth Bureau 
of Animal Nutrition, is given by Dr Isabella Leitch 
in her later chapter on the subject This side of the work 
of the Rowett Institute owes much to the wide apprecia- 
tion of human needs by the first director, and 1t 18 in 
itself a great contribution to research and education m 
nutrition 

The development of world nutrition programmes 
through the Food and Agneculture Organization of the 
Umited Nations had its origin in the nutrition work of the 
League of Nations inspired through the co-operation 
of the Rt Hon Stanley Bruce, High Commissioner im 
London for Austraha, and Boyd Orr, who could see that 
the progress of the world depended on the “‘marriage of 
health and agriculture’ The implementation of the 
programme begun in Geneva ın 1935 led on to the idea 
of the World Food Board and to the Food and Agriculture 
Organization The appointment of Sir John Boyd Orr 
(as he was then) as first director-general of the Food and 
Agriculture Organization indicated how highly his 
work for international nutrition was valued The origms 
and early development of the Organization are recounted 
by David Lubbock im a lively chapter reflecting his mti- 
mate knowledge of this phase of the outward growth of 
the Rowett Institute. 

The new director, who took over the sadly depleted 
staff and resources of the Institute un 1945, tells the tale of 
progress durmg his own time ‘The very great expansion 
of activities 1s further demonstrated by the chapters 
from many present and recent past members of the staff 
who give specialized accounts of their own fields of research 
There are now Departments of Apphed Nutrition with 
sub-divisions of Nutrition, Biochemustry and Metabolic 
Experments, of Biometrics, of Protem and Lupid 
Chemistry, of Enzymology, of Microbiology, of Physio- 
logy, of Pathology with Helmmthology, as well as the 
Duthie Expermental Stock Farm and the Commonwealth 
Bureau of Animal Nutrition The head of every one of 
these diverse disciplines 1s an expert in his field, and the 
staffs attached to the departments are clearly producing 
useful and interesting work as shown by their research 
papers 

It ıs impossible to comment on all the md)vidual 
contributions, but the chapter from R L M Synge, a 
Nobel Prizewinner for hig work on partition chromato- 
graphy, on “Some Nutritional Aspects of the Non- 
protein Nitrogen Fraction of Plants” 1s particularly 
salutary as it puts mto perspective the chemical studies 
of foodstuffs made ın the past half-century. Synge 1s 
severely critical of many studies on non-protem nitro- 
gen fractions in cabbage and other vegetables and warns 
nutritional scientists of the dangers of being unaware 
of the wide assortment of new substances being isolated 
from foodstuffs by thew chemical colleagues One 
of the problems he uses as an example is the nature of the 
goitrogenic substance occurrmg in cabbage 

Many of the chapters are concerned with ruminant 
nutrition and physiology, but pigs and poultry are not 
neglected nor are the needs of man forgotten Chapters 
on “Family Diet and Health ın Pre-war Britam” and 
“Studies of Human Growth” show that the Institute 1s a 
centre for work on the nutrition and health of the popula- 
tion not only of Britam but also of other countries 
The whole volume is rounded off by a chapter from 
Dr Cuthbertson on “The World Food Situation as 
Related to Knowledge of Science and 1ts Application” 

Lord Woolton in his foreword makes a plea for the 
simplification of scientific language, especially ın reports 
on matters of nutrition, so that unscientafic members of 
the community may read and understand advances in 
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nutritional knowledge Lord Boyd Orr has always had the 
gift of simple exposition in telling phrase and has tried 
to impart bis ability to those who worked with nm 
The share that his colleagues and their successors have 
taken ın educating the world mm nutrition is amply demon- 
strated in this Jubilee volume 

There are a few errors which have escaped the eagle eye 
of the editor. The most curious 1s the caption under the 
frontisprece where Her Majesty Queen Mary is called 
Her Royal Highness This no doubt will be quickly 
corrected Others are probably sheer slips ın proof 
reading and itis perhaps unfair to complain of small blem- 
ishes on so fine a publication The illustrations of guests 
at Founders’ Dmners, of the Staff in 1951, of the aerial 
view of the Institute and, best of all, of John Boyd Orr 
at Craibstone m 1919, are a delightful accompaniment 
to the essays from past and present staff members. It is 
good to have the short biographical notes on past staff 
members who have contributed to the volume 

A M Corrme 
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THE WELLCOME HISTORICAL 
MEDICAL LIBRARY 


Catalogue of Printed Books in the Wellcome Historical 
Medical Library 

Vol 1 Books prmted before 1641 Pp xv+407 (Lon- 

don The Welicome Historical Medical Library, 1962 ) 

210s , 30 dollars 


Catalogue of Western Manuscripts on Medicine and 
Science in the Wellcome Historical Medical Library 
By S A J Moorat Vol. 1: MSS written before 1650 
Pp viu+697 (London Theo Wellcome Historical 

Medical Library, 1962) 210s , 30 dollars 


HE decision to publish the catalogues of the impor- 
tant medical and scientific collections m the Wellcome 
Historical Medical Library was taken while Sir Henry 
Dale was chairman of the Wellcome Trustees It 1s there- 
fore appropriate that he should—at the mvitation of his 
successor, Lord Piercy—:ntroduce the first-fruits of this 
great project to the pubhe and tell us somethmg of the 
scope and character of what 1s mdeed a very unusual 
brary and one of the most mteresting charitable be- 
quests of our time 
The Wellcome Library was first opened to the public in 
December 1949, and its extraordinary resources have 
been made freely available to students and research workers 
in all fields of learnmg and from all countries throughout 
the whole of the period durmg which these catalogues 
have been m preparation and m the press ‘The first 
indication, of the range and importance of its collections 
was given to the outside world by the Catalogue of Incuna- 
bula (Oxford University Press, 1954), which was the work 
of 1ts present chief librarian, Dr F. N L Poynter He 
has also been responsible for the first volume of the 
Library’s General Catalogue of Printed Books, which lists 
all books in the Library printed before 1641, some 7,000 
items which include the edstzones prencepes and subsequent 
Renaissance editions of Galen and Hippocrates, a most 
comprehensive collection of the first editions of Paracelsus, 
fine copies of great medical landmarks such as Vesalus 
and Harvey, as well as those for general science such as 
Galleo and Kepler The second series of this catalogue, 
covering works published between 1641 and 1850, will 
occupy four or five volumes and will reveal equal riches 
for two centuries of unprecedented scientific development, 
Boyle, Newton, and Lavoisier being represented by first 
editions of thew works alongside those of Malpighi, 
Lower, Sydenham, Morgagni, Hunter, and Jenner 
These treasures have been brought together over the 
past sixty-five years, the collection bwlt up by the late 
Sir Henry Wellcome (1853-1936) and his assistants having 
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been expanded with judgment and learning by sub- 
sequent hbrarians Among these was Mr.S A J Moorat, 
a graduate of Merton, and libranan during 1931~46, 
a period when the lbrary was still strictly private and 
generally unknown He 1s now keeper of Western Manu- 
scripts m the Library, and to him we are mdebted for the 
first volume of a catalogue which describes all the manu- 
scripts written before 1650 Among the 1,500 items 
contained in 800 volumes (representmg only 15 per cent 
of the collection of Western MSS ) are many of the first 
importance to the Instory of science and medicme Al- 
though coneise details of collation, script, ete , are included, 
Mr Moorat’s main object has been to grve mformation 
on the authorship and subject-matter of these writings 
The descriptions of mdividual manuser:ipts are supple- 
mented by no less than 11 mdexes which open these 
treasures to every aspect of scholarly research 

In these two volumes there 1s a wealth of material for 
those seeking to show how modern scientific thought 
emerged from the blend of classical tradition and semi- 
religious scholastiosm that characterized the Middle 
Ages, and we must be grateful to all who have been con- 
cerned in producmg what must be widely regarded as a 
massive contribution to the history of ervilization 

K J FRANKLIN 


No 4903 


RADIOISOTOPES IN BIOLOGY AND 
MEDICINE 


Use of Radioisotopes in Animal Biology and the Medical 
Sciences 

Vol 1. (Proceedings of a Conference held m Mexico City, 

21 November-1 December, 1961 ) Pp xvi+563 

(London and New York Academic Press, 1962. Pub- 

lished for the International Atomic Energy Agency ) 115s 


Mo 1 of Use of Radiorwsotopes in Animal Biology 
and the Medical Scrences 1s the first part of the pro- 
ceedings of an International Atomic Energy Agency 
Conference held at Mexico City in November 1961. Many 
conference proceedings are now bemg published under 
titles such as this that conceal their true nature, presum- 
ably to encourage sales to hbrary commuttees 

Artificial radioactive isotopes have now been in wide- 
spread use m biology and medicme for fifteen years, and 
international and national conferences on their uses have 
been frequent during this tume. In the early years they 
were very useful, one thinks, for example, of the well- 
organized meetings m Oxford ın 1951 and 1954 The 
huge United Nations Geneva conferences m 1955 and 
1958 were successively less valuable The many isotopes 
available and the methods available for ther use were 
becommg well known Papers began to be concerned 
more with investigations and experiments with diverse 
and valuable results, but m which the use of isotopes was 
really only a useful meidental, comparable with the use 
of, say, the microscope, the paper chromatogram or the 
flame-photometer 

The 1961 Mexico City conference was apparently organ- 
ized, because “although the fields (of human and vetermary 
medicine) use the same tools, the same traming and tech- 
niques, and often the same experimental animals, oppor- 
tunities for the exchange of mformation between the 
two fields are all too rare” The papers given, however, 
cover a wide range of subjects and are by no means 
confined to vetermary medicme, and only in the very 
loosest sense to animal biology Most of the contributors 
come from North and South America, with a small 
number from Europe 

There are four mtroductory review papers by J H 
Lawrence, D H Copp, A A Kudryatsev and R. F. 
Glasscock on the use of isotopes in, respectively, medicine, 
physiology, votermary medicine and biochemistry Kud- 
ryatsev’s paper is m Russian and is a review of entirely 
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Soviet work with 64 references, the subsequent dis- 
cussion 18 m English As m other fields, there 1s much 
work done on the central nervous system, and on con- 
ditioned reflexes in particular It 1s suggested that the 
weight of farm animals might be raised by small doses of 
external radiation The other three papers are extremely 
good and mterestmg reviews, but confined in turn to 
work in the English language 

The mam body of the volume consists of thirty-five 
papers classified as relating to general physiology, hæmato- 
logy and glandular function There are abstracts in 
English, French, Russian and Spamsh and discussions m 
English 

Space will not allow mention of more than a few 
mdividual papers In the first general section there 1s a 
variety of interesting subjects There 1s first a paper from 
Oak Ridge showmg many superb autoradiographs of 
Protozoa, mcorporatmg tritiated cytidme, uridme and 
thymidine There are papers on different aspects of 
intestinal absorption One of these ıs on the unfamihar 
metabolism of tin m sheep, studied because of the use of 
tin in a fungicide used on plants such as turnips and 
mangolds fed to sheep and cows Workers from Chicago 
gave a valuable paper on the water spaces of the bram 
as studied by sulphur-35 and carbon-14-labelled com- 
pounds, contrasting with results from Moscow outlined 
m the succeeding discussion There is a sumlar contrast 
between papers from Israel and France mvestigating 
spermatogenesis by phosphorus-32 m man and annals, 
respectively. 

The third section, headed “Glandular Functions’’, con- 
sists of ten papers on radioiodine and thyroid function 
and one on the effect of progestogens on the genital tract 
of guinea pigs as shown by sulphur-35 autoradiography. 
There are two mteresting reports on endemic goitre m 
the Phiippimes and Venezuela; 1b 1s suggested that there 
15 & genetic basis for endemic goitre and that there may 
be a relative increase ın the proportion of plasma truodo- 
thyronine compared with thyroxine ın gortrous patients 

This kind of publication can be useful m directing 
attention to unfamiuhar work which will only be published 
elsewhere ın foreign journals not necessarily available ın 
accessible local hbraries This particular volume 1s very 
well edited and produced and has a limited ‘skeleton 
index’ It can be recommended, ın spite of earlier remarks 
regarding 1ts title, to libraries of vetermary science and 
anımal physiology K E HALNAN 


THE BRICKS OF MATTER 


Atomic Physics Today 

By Prof Otto R Frisch Pp vi+254418 plates (Edin- 
burgh and London Ohver and Boyd, Ltd , New York 
Basic Books, Ine , 1962) 25s 


TOMIC PHYSICS TODAY is based on a number 
of individual broadcast talks and articles written by 
Prof Frisch during the past few years These havo 
been revised to brmg them nto hne with present-day 
knowledge, but ıb 1g pleasant to note that the orginal 
brightness and spontaneity have been retaimnod, in addı- 
tion to the self-contained character of each of the srx- 
teen chapters ‘The reader can, with equal satisfaction 
and profit, exther dip into the volume and read any one 
of the chapters separately or proceed steadily through the 
book asa whole. The topics discussed cover a wide rango 
They deal not only with the well-established phenomena 
of nuclear fission, fusion, radioactivity and elementary 
particles, but also with the rather abstruse and more 
difficult concepts and theories relating to waves and par- 
ticles, quanta, nuclear structure, the neutrino, parity, the 
individuahty and origin of particles of matter, and 
causality 
The descriptions given by Prof Frisch are all clearly, 
simply and lucidly expressed. Nevertheless one is fully 
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conscious that they are exact, authoritative and penetrat- 
ing The recent developments m nuclear physics which he 
discusses are those ın which he himself has taken an active 
interest and to many of which he has made important 
contributions The fascinatmg way ın which he not 
only outlines the discoveries and observations but 
also lays bare the underlying fundamental problems 1s 
greatly to be admured His enthusiasm very often leads 
him beyond this, and he does not hesitate to state cate- 
gorically, where he considers that theory is lagging sadly 
behind experiment, where new lines of thinking need to be 
followed, and where there are many puzzles still remaining 
to be answered Prof Frisch affirms that fission, though 
1t has given mankind the possibility of enormous amounts 
of power, is conceptually no great discovery The dis- 
covery that parity ıs not conserved 1s much more ım- 
portant, maybe not technologically, but certainly imtel- 
lectually To try to find out why this occurs and how 
it fits mto the materal framework m which we live 
1s Just one of the many examples representative of the 
delight and pleasure in the search for and the acquisition 
of new knowledge, which, Prof Frisch concludes, 1s the 
driving forco which compels him and his physicist col- 
leagues to undertake often arduous and tedious experi- 
mental and theoretical research work 

Atome Physics Today should be read by both physicists 
and other scientists, and also by the adult layman It 
presents not only an excellent picture of modern physical 
knowledge, but also serves an important present need 
for directing attention to the compolling curiosity that 
urges a man to become a scientist, and on the devotion 
and enthusiasm with which research work is carried out 
in our universities and research establishments 

S WENTROUB 


A COOKERY BOOK FOR 
CARBOHYDRATES 


Methods ın Carbohydrate Chemistry 

Edited by Roy Whistler and M L Wolfrom Vol 1 
Analysis and Preparation of Sugars. Pp xxu+4+ 589 
1433. Vol 2 Reactions of Carbohydrates Pp xv+572 
139s 6d Vol 3: Cellulose Pp xvi+407 110s 6d (New 
York and London Academic Press, 1962-63 ) 


INCE all cookery books contam sugar recipes ıb was 
inevitable that we should have eventually a cookery 
book for sugars themselves Here we are presented with 
three volumes out of a projected five or more of a new 
series which the editors term the “methodologies” rə- 
quired in dealing with carbohydrates 
The field of carbohydrates 1s broadening at an enormous 
rate, especially on the biological side and, even more 
important, ın regard to industrial applications The 
editors felt that the time had come when some help must 
be given to the non-specialists who needed many of the 
more unusual sugars or their derivatives Accordingly 
they have secured the ready collaboration of a wide 
company of the world’s leading carbohydrate chemists, 
who themselves are familiar with the methods or indeed 
who initiated the techniques 
In Volume 1 is described the methods of preparation and 
analysis of many of the simple monosaccharides There 
18 @ preliminary section on carbohydrate laboratory 
techniques, describmg methods of purtfication, crystalliza- 
tion, etc, and the important and rapidly developmg 
application of gas-hquid partition chromatography to 
sugar derivatives Important directions too are given for 
chromatography on paper, extrusion column chromato- 
graphy, cellulose column chromatography, zone electro- 
phoresis, and carbon column chromatography These 
are methods which have made an enormous difference 
to the separation of closely related sugars and ther 
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derivatives, and the non-expert and student will be most 
grateful to have this widely scattered imformation set 
down in such @ concise manner by the experts Precise 
descriptions are given in later work for the preparation 
of ‘exotic’ sugars such as erythrose, threose, lyxose, 
ribose, altrose, tagatose, and so on It would seem m- 
possible to go wrong with such precise directions provided 
Sometimes, however, one 18 a hittle disappomted, for 
example, ın the section headed ‘“‘Streptose’”’, one finds 
on reading that this 1s still only a hypothetical substance 
and only its derivatives can be obtained by the methods 
provided An excellent description 1s provided for the 
labelling of some sugar derivatives and this work could 
well have been made more extensive A very large and 
most valuable section ıs provided on the analysis of 
sugars, thus the determination of reducing sugars by a 
wide variety of methods 1s given in a precise manner, 
quantitative aspects of chromatography are shown 
and the determination by means of enzymatic methods 
and by isotopic analysis Methods of periodic oxidation, 
often a complex and tantalizmg busimess, are deser:bed 
with great clarity Nothing 1s left out, not even the rela- 
tively mdete:minant colour reactions about which Dische 
has written with great authorty The physical methods 
of measurement of properties, including X-ray, infra-red 
and diffraction, are also given ın great detail Volume 1 
is thus of high importance to all chemists and biochemusts 
interested ın sugars 

Volume 2 deals with the methods involved in the pre- 
paration of derivatives of monosaccharides together with 
a few oligosaccharide compounds Major authorities 
in the field have again been appealed to and many valuable 
points of technique, not necessarily published before, 
are provided The standard pattern of an mtroductory 
paragraph, followed by the procedure and the valuable 
references, 18 followed A very large amount of mforma- 
tion 1s given on the sugar phosphates which are mndeed 
among the most difficult of organic compounds Valuable 
methods for the provision of methyl ethers of mono- 
and di-saccharides, which for a long tıme represented the 
most important series of key compounds in the whole 
of carbohydrate chemistry, are provided There are 
gome omissions such as those of the methods of Kuhn 
The degradation of sugars, especially the polysac- 
charides, by means of alkali 1s becoming of imcreasing 
importance, so that the section on the preparation of 
saccharmic acids will be very valuable for the mdustrial 
chemist ın particular Extensive information 1s provided 
on thiosugars, on isotopic carbon distribution and on 
products obtained by oxidation and reduction methods 
in the sugar field 

In Volume 3, written almost entirely by industrial chem- 
ists, we are piven essentiallya new bookoncellulose Already 
there are many volumes on this subject, but here we have, 
written down for the first time, more precise conditions 
for the most important aspects in the field The isolation 
of pure cellulose from a variety of sources 1s concisely 
described and, following this, methods are given for the 
chemical analysis of cellulose Up-to-date mformation 
is provided on the wide range of physical methods for 
the analysis of cellulose As workers m the field will 
know, the assay of crystallinity 1s of immense rmportance, 
and this ıs particularly adequately described Methods 
for the degradation of cellulose together with the products 
identified are also covered in a valuable way 

There are some omissions, particularly ın the modern 
work on cross-hnking, which 1s becoming of great impor- 
tance In all the volumes the methods are given with 
such detail and precision that they can readily be repeated 
The extensive cross-references are extremely valuable 
Some authors unfortunately still use outmoded methods 
of writing down formule 

This publication, although expensive, can be very 
strongly recommended for all chemists and for all 
libraries M STACEY 
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Language, Meaning and Persons 
By Prof Nikunja Vihar Banerjee Pp 173 
George Allen and Unwin, Ltd, 1963) 30s 


i Be book, the work of an Indian professor, is a 
continuation of his earlier Concerning Human Under- 
standing, and embodies a serious attempt to present a 
cure for what, ın his view, 1s the prevailing sickness of 
philosophy Whether he will find agreement that his 
patient 1s ul, or even, if so, that his prescription will be 
effective or even desirable, 1s another matter 

It would appear that philosophy needs liberation, and 
this means ın particular that ıt should extricate itself from 
its subservience to science and logic Which done, it 
could then apply itself wholly to mankind and the needs 
of the individual, making him unexceptionally a member 
of society, inseparable from his fellows Included ın this 
would be a revival of metaphysics 

Naturally, such an outlook must reckon with religion 
sooner or later, and the way ın which this encounter 
occurs ıs peculiar The problem ıs faced sympathetically, 
but a supra-mundane being 1s considered meapable of 
dealing with the evils and perplexities of a technological 
age and the self-directed cravings of men One may 
well ask how else can humanity be saved 1f it ıs forbidden 
to look outside itself 

The discussion includes the epistemological background, 
imagination, language, meaning and persons, ending 
with the question of human liberation Incidentally, 
the writer has the slightly tiresome habit of saying 
‘generally’, when he almost certainly means ‘usually’ 

But this slender volume is provocative in the good 
sense, and has a healthy reaction against the tendency of 
philosophy to be a poser of problems and no more 

F I G RAWLINS 
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The Pathology of the Tumours of Children 
(Pathological Monographs, No 2) By Prof Rupert A 
Wilis Pp vu+200 (Edinburgh and London Oliver 
and Boyd, 1962.) 42s 


UMOURS of children are a special problem in 

pathology It ış not to be expected that environ- 
mental factors, such as are well known to be responsible 
for cancer in adults, can be the cause of neoplasms in. 
infancy For an explanation of these we must turn to 
embryology and to someone who 1s an acknowedged expert 
in both embryology and pathology Prof Rupert A 
Willis ıs obviously the man A few years ago he began a 
former book entitled The Borderland of Embryology and 
Pathology with this sentence ‘Almost from the beginning 
of my work in pathology, the embryological aspects had 
a special appeal for me, and I felt sure that embryologists 
and pathologists had much to gain by a better knowledge 
of each other’s subject? This earlier book (published by 
Butterworth in 1958) has already become a classic and 
the best guide to the understanding of malformations and 
errors of development Jt has paved the way for the latest 
book by Prof Wills, entitled The Pathology of the Tumours 
of Children 

As with all his other books, this ıs based on personal 

experionce Its nucleus has been a personal histological 
collection of more than 700 tumours from children A 
special feature is that cases cited in the text can be 
identified by a code of initials, and duplicate histological 
sections and records of all specified cases have been 
incorporated m the Imperial Cancer Research Fund’s 
Tumour Reference Collection This will be much appre- 
ciated, because the histological classification of some 
tumours of children is difficult for hospital pathologists 
without special experience In this field even experts 
often disagree Many instances of differences of opinion 
are admitted m this book, one typical example bemg 
from the ‘‘ghomas of uncertain nature’? whero, in one 
instance (case 6, p 35), the panel of experts differed 
greatly ın their diagnosis 
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The value of a monograph such as this depends on 
three features (1) the authority of the author, (2) the 
choice of references to other work, (3) the quality of its. 
illustrations In this work, as in all his previous writings, 
there ıs no doubt about the authority of the author or 
the selection of references Moreover, in this latest book, 
all will agree also that the illustrations are superb They 
are the work of Mr E V Willmott, of the Imperial 
Cancer Research Fund C E DuUKES 


The Identification of Molecular Spectra 

By Dr R W B Pearse and Prof A G Gaydon Third 
edition Pp xi+347 (London Chapman and Hal, 
Ltd , 1963 ) 120s net 


INCE this book was first published in 1941—and 
particularly in the thirteen years since the second 

edition appeared—advances in the development of spectro- 
scopic techniques and a widening of the fields of research 
in which spectroscopy plays a dominant part have led 
to the publication of a vast amount ofnew data With the 
same care and precision as marked the previous editions, 
the authors have collected and collated the data up to the 
end of 1961 The table of persistent band heads, extend- 
ing from p 3-50, mcludes some 350 new entries and 1s 
set out with extreme clarity and ease of consultation 
The bulk of the book (pp 51-320) deals with individual 
band systems, including 84 molecules not previously 
included and 135 molecules for which additional or re- 
vised data have been obtamed In some ten pages are 
given practical procedure and precautions, followed by a 
number of actual spectra and an appendix of the persistent 
atomic limes of each element i 

The authors are to be warmly congratulated for their 
assiduity and patience in sorting out and presentmg in 
such an eminently acceptable form information which will 
prove to be of incalculable worth to all who are directly 
or indirectly concerned with molecular spectroscopy. 

The printing and general arrangement are excellent 
and make ıt so easy to use the book For what ıb contains 
—and 1s—this book 1s good value at £6 

W Roce AncGus 

The Earth and You 
A. Geographic Picture of the World We Live Ia By Dr. 
Norman J G Pounds Pp 591 (London John Murray, 
1963 ) 50s net 


HIS 1s a general account of the way in which elimate, 
soul and mineral resources have affected the lfe of 

man It ıs especially welcome at a time when the growth 
of the Earth’s population and the problem of mcreasing 
food production concern all thoughtful people Dr 
Pounds makes ıt clear that geographical factors cannot 
alone explam differences m living standards, he con- 
trasts areas of comparable climate and resources and does 
not hesitate to point a moral where necessary 

He first discusses the Earth as a whole, its structure 
and climate, criteria of over- and under-population, gross 
national product, food consumption and the factors which 
lnk men in pohtical umts There follows an account of 
the principal regions of the world and the States com- 
posing them ‘The reader ıs made conscious of the diffi- 
culties that arise when social, economic or political arms 
conflict with facts of topography or climate 

The book makes interesting reading, 1s well produced and 
isillustrated withmany diagrams Thetwo-pagemaps would 
have been better mounted to ‘fold-m’ some of the main 
points of mterest are obscured by the fold of the binding 

So wide a survey cannot be detailed, but Dr Pounds 
has provided a supplementary reading lst for those who 
wish to make a more detailed study of a particular area 
They are nearly all American pubheations The book 
will be a welcome addition to a school lbrary or to the 
possessions of any person who seeks mformation on 
matters of general mterest 
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RESEARCH, INNOVATION AND ECONOMIC GROWTH* 


By K. PAVITTT 


Directorate for Scientific Affairs of the Organization for 
Economic Co-operation and Development, Paris 


Economic Growth and the Role of the Organization for 
Economic Co-operation and Development 


CONOMIC growth means an mcreasing provision of 
goods and services to satisfy individual and collective 
human wants In the past 150 years, certain areas of the 
world have seen a steady and substantial growth of 
production per head of these goods and services, m general 
accompanied by a steady growth m population This 
growth has generally gone hand-m-hand with a more 
equitable distribution of wealth among the population, 
more opportunities for education and more leisure 
The Organization for Economic Co-operation and 
Development is an mter-Governmental organization 
consisting of twenty member-countries from North 
America, Western Europe and the Mediterranean region 
Its aim 1s to promote economic growth among its members, 
and to co-ordinate ther aid to the economically less- 
developed countries A large part of the work of the 
Organization ıs therefore concerned with conventional 
economic and aid policies 
However, the member-Governmenits of the OECD 
are becoming increasingly concerned about ther national 
efforts m scientific research and development, largely 
because many Governments are paying increasingly large 
sums to support research and development, but also 
because of a general and rather vague feeling that an 
adequate national effort ın research and development is 
now essential m an mdustrial society This concern has 
led to the creation m many countries of governmental 
bodies concerned with the national research and develop- 
ment effort Belgium now has a National Council for 
Scientific Policy, France, a General Delegation for Scientific 
and Technical Research, the United Kingdom, an Office of 
the Mimister for Science, and the United States, a Pres- 
dent’s Office for Science and Technology Whthin the past 
year the Itahan, Swedish and West German Governments 
have estabhshed special departments or councils to deal 
with questions of scientific policy 


Scientific Discovery and Innovation in Economic Growth 


The work of the Directorate for Scientific Affairs of the 
OECD has therefore become largely concerned with the 
contributions which scientific and engineering education, 
and scientific research and development, make towards 
economic growth, and with the governmental policies 
required, to ensure that these contributions be effective 
This artacle will briefly set down some of the important 
problems which have so far been raised by this work 

It must be stressed from the outset, however, that an 
adequate level of research and development, and rapid 
innovation, are not the only conditions necessary for 
economic growth For the purposes of this article, 16 will 
be assumed that the other conditions, such as a stable 
political system, stable means of exchange of goods and 
services, an adequate level of demand for these goods and 
services, and a system ensuring equitable rewards for 
productive effort and efficiency, already exist 

* $ 
Association meetuig is Aberdeen on September g nn Of bhe British 

} The opinions expressed here are those of the author and not necessarily 


those of fhe OECD I thank Dr A King and Mr J R Gass for their 
comments and suggestions 


To say that scientific discovery and mnovation are 
important factors m mereasing the productivity of labour 
1s to say nothmg new In the eighteenth century, Adam 
Smith wrote of “The mvention of a great number of 
machmes which facilitate and abridge labour, and enable 
one man to do the work of many”; and about the sources 
of invention he wrote that “ALN mprovements m machin- 
ery, however, have by no means been the mventions of 
those who have had occasion to use the machmes Many 
improvements have been made by the mgenuity of the 
makers of the machines, when to make them became the 
business of a peculiar trade, and some by that of those 
who are called philosophers or men of speculation, whose 
trade is not to do anythmg, but to observe everything, 
and who, upon that account, are often capable of combm- 
ing together the powers of the most distant and dissimilar 
objects’’*, 

Much more recently, Prof S. Kuznets gave sıx lectures 
on the nature of economic growth since the time when 
Adam Smith was writing, and concluded that the sustained 
mereases m the productivity of labour could not have 
been maintamed without contmuons innovation, that 1s, 
the new apphecation of either old or new knowledge to 
production processes Simce the possible uses of old 
knowledge were hmuited, contmuous mnovation required 
continuous new additions to knowledge He went on to 
pomt out that many of the mdustries now important mm 
the advanced economies, for example, m the electrical, 
chermcal and mternal combustion fields, were entirely 
unknown a hundred years ago’. 

As Prof Kuznets ımphes, and as Adam Smith dimly 
foresaw, mnovation im the mdustrially advanced countries 
has become increasingly dependent on discoveries made 
by tramed scientists and engmeers, and on the regular 
and systematic exploitation of such discoveries in the 
economy. There 1s evidence in many countries that the 
proportion of the total number of patents taken out by 
trained scientists and engineers is growing Also, the 
resources ın the economy devoted to ‘research and develop- 
ment activity’4 are growing in most of the mdustrially 
advanced countries® 

One can suggest that the followmg factors are influencmg 
this trend. Furst, entrepreneurs have seen from past 
experience that mnovation based on scientific discovery 
can be profitable, and the widening boundaries of science 
have given them more and mereasmgly powerful tools 
with which to manipulate ther physical environment, 
and to create and improve products and production 
processes Secondly, the mereasimg scale of mdustral 
operations has made ıt organizationally more efficient for 
innovational activity—namely, research and development 
—to be undertaken as a separate, but related, entity 
Thirdly, the nature of production processes 18 creasingly 
such that persons working m production cannot so easily 
make any startlng mnovation or routme mmprovement, 
the outside of a length of chemical piping must surely 
frustrate any would-be mventor Fourthly, certam 
companies are using techniques which are at the limits of 
scientific and technical knowledge, so that mprovement 
and change can come only by findmg new knowledge as 
a result of research and development Fmally, ıt must 
be admitted that certam companies undertake research 
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and development because ıb 1s fashionable, and with no 
clear idea of 1ts potential economic usefulness 

What, then, can statistics tell us of the extent to which 
technological innovation, and research and development 
on which it largely depends, have mfluenced rates of 
economic growth? (It must be borne m mind that these 
statistics can measure neither the benefits which research 
and development bring m the form of mproved goods for 
consumption at constant prices, nor of the improved 
welfare of the population resultmg, say, from medical 
research ) 

The immportance of mnovation has been confirmed by 
& series of investigations undertaken in the United States 
which show that only about one-half of the growth of 
labour productivity over the past 50 years m the United 
States can be explained by the growth in the amount of 
capital per man, and by the impioved allocation of both 
labour and capitalé The 1emamimng growth must be 
explained by a variety of ‘residual factors’, mcluding 
economues of scale, improved health, skill and education 
of the labour force, rmproved organization, and techno- 
logical innovation It should be noted that all the 
aforementioned factors, meluding labour and capital, 
are interdependent, and that conclusions about the 
individual ‘contributions’ of these residual factors must 
consequently be treated with the greatest care 

That research and development influences the rate of 
mdustrial growth has been confirmed. by a British investi- 
gation which shows that, over the past 25 years, the 
industrial sectors in the United Kingdom and the United 
States, which undertake relatively large amounts of 
research and development im relation to net output, are 
those in which total production has tended to grow rapidly 
and m which labour productivity ıs high Also, those 
industrial sectors are the same m both countries’ The 
rapid growth would seem to indicate that research and 
development mfiuences the rate of mnovation, and its 
sameness ın both countries that any new breakthrough in 
scientific knowledge 1s likely to benefit some economic 
sectors more than others 

Nevertheless, 1t has been shown that even within an 
industry there tends to be a correlation between the 
amount of research and development undertaken m a 
company, relative to its size, and conventional signs of a 
company health, such as growth of net assets, productivity, 
profits and sales*. This correlation 1s not always strong, 
which 1s not surprising when one considers the many 
factors completely unrelated to research and development 
which can influence company growth However, even 
assuming that there ıs a correlation, this does not prove 
that research and development causes growth, and ıt has, 
in fact, been argued that growth either causes or enables 
companies to undertake more research and development 
This lne of argument can, surely, safely be rejected in 
large part, smce iwrefutable evidence of the contribution 
of research and development to new and improved 
products 1s all around us 

However, a more powerful line of argument is that 
both the volume of research and development expend- 
tures and the various measures of company growth are 
results of something called ‘good management’ Common 
sense does mm fact tell us that ıt requires good management 
to decide what sort of research and development to 
undertake, and to ensure that 1ts results are effectively 
used In this context, ıt ıs worth noting that there 1s 
some evidence of a correlation between the growth of 
productivity of an industry or company, and the propor- 
tion of total employment m that mdustry or company 
which 1s made up of qualified scientists and engmeers® 
One can conclude from this that good management mcreas- 
ingly requires some formal scientific or engineering trainmg 
This has important implications for educational policy 

To sum up, it can be said that those industries which 
are able to exploit scientific knowledge are growing rapidly, 
and that an adequate expenditure on research and 
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development at the company-level 1s a necessary, though 
not sufficient, condition for growth. 


Policies for Research, Innovation and Growth 


From an economic point of view, research and develop- 
ment becomes of greater importance as a country becomes 
more industrialized With full or near-full employment 
and a small proportion of the workmg population ım 
agriculture, mereases in labour productivity will come 
from overall mcreases in labour productivity, together 
with the shiftmg of resources to the more productive 
industrial sectors of the economy From what has been 
shown here, both these conditions imply more reséarch 
and development for economic purposes 

Furthermore, if the economically advanced countries 
are to help the less-developed to produce more, to reduce 
unemployment and to find foreign exchange currency, 
one may regard ıt as their duty, as well as to their advan- 
tage, to move resources mto the technologically advanced 
sectors, where they have a comparative advantage The 
less-developed countries need, and will continue to need 
for some time to come, markets in the advanced countries 
for simply manufactured products m such sectors as 
textiles and handicraft. 

However, in the industrially advanced countries, the 
particularly long-term, risky and often costly nature of 
investment in research and development, and the often 
mperfect knowledge of industnmahsts as to ıts potential 
profitability, make ıt highly unlikely that an adequate 
level of expenditure on research and development for 
economic purposes will be achieved without governmental 
encouragement and help Some suggestions will therefore 
be made here about ways m which Governments can 
help to ensure an adequate level of research and develop- 
ment for the economy and rapid innovation 

Screntrfic and Engineering Education. It 1s self-evident 
that the educational system should provide an adequate 
number of qualified scientists and engineers to undertake 
research and development for economic purposes, Such 
provision wul require a considerable development of 
postgraduate mvestigations im science and engineering 
In many countries. Also scientists and engimeers are 
wanted m imcreasing numbers ın companies for related 
purposes From what has already been said, one can 
conclude that ıt is becommg mereasmngly difficult for 
managers without any scientific or engmeermg education 
to appreciate the economic value of some new scientific or 
technical discovery, or to give to the company’s research 
and development workers the right problems to try to 
solve Scientists and engmeers are therefore required to 
an increasing extent m general, production and sales 
management, ın order to ensure that the results of research 
and development are fully and effectively used In this 
context we can include ‘research and development’ in 
such fields as market research, operational research and 
quality control 

Adequate research and innovation in the economy 
therefore requires a generous supply of qualified scientists 
and engineers But ıt also requires, in many countries, 
that more persons of outstandmg talent investigate 
applied science and engineering and that the content of 
this education be of high quality These requirements are 
shown. clearly by the example of a country luke Sweden, 
where industry ıs very responsive to the economic possi- 
bilities of technical change, and of the value of undertaking 
research and development This ıs largely because of the 
high academic and. professional reputation of the Swedish 
institutes of technology, the entrance requirements of 
which are highly competitive, and the graduates of which 
are heavily represented among the leaders of Swedish 
industry 

Economic and Fiscal Policies Research and develop- 
ment ın & company is in the nature of an unusually 
long-term and risky investment, so that ıb presents 
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problems even to enlightened management Uncertainty 


concerning the future prospects of the economy may make , 


any long-term investment in research and development 
appear to be of little value, or may restrict capital 
investment programmes incorporating the results of past 
research and development Thus, general economic 
conditions and policies affect the amount of research and 
development undertaken ın enterprises and the degree to 
which results of past research and development are used 
Scientific pohey makers should bring these matters to 
the attention of their counterparts m ministries of finance, 
and should insist on the importance of an adequate 
overall level of demand in the economy, and of generous 
fiscal treatment with regard to company expenditures on 
research and development, and in certam cases to the 
writing off of past investments 
Small or Backward Companies Many industries are 
made up of companies which are each too small to afford 
the men or money necessary to set up mdividual depart- 
ments for research and development work In such 
industries, Governments can give aid and advice in setting 
up and running research and development establishments 
which care for the needs of a whole industry, and may 
‘be financed to some extent by companies ın that industry 
‘Governmental research establishments already exist in 
‘most OECD member countries to cover the needs of 
agriculture and building Industrial research associations 
‘simular to those in the United Kingdom exist in, for 
example, France, Holland, Norway, Sweden and Western 
Germany It ıs worth noting that imdustrial research 
associations can also be effective in industries made up 
of large firms when there is no technological competition 
This form of governmental encouragement of research 
and development does not necessarily ensure that the 
results of the research and development are used, above 
all in small compares where management 1s often unable 
to appreciate their potential value Convincing manage- 
ment of the value of the results of research and 
development would appear to require not only an effective 
method of disseminating information from the research 
laboratory, but also a form of ‘extension service’, which 
is already widely used in agriculture Here, technical 
advisers are sent out to convince farmers of the value of 
recently developed techniques, and to assist them in 
puttmg these techniques into operation This ıs done to 
good effect in the industrial field by the T N O (Organiza- 
tion for Applied Scientific Research) in Holland, where 
about 20 per cent of industrial research and development 
is financed by firms with less than a thousand employees 
Development Work Development work‘ represents the 
heaviest financial commitment of compames undertaking 
research and development programmes, accounting, on 
the average, for more than 75 per cent of the total cost of 
research and development work carried out ın industry 
In certain countries, development work in the aircraft 
and electronics mdustries 1s financed in large part by 
Governments as part of military, space or nuclear pro- 
grammes The results of such development work can often 
be of use in the normal commercial operations of companies 
in these industries 
However, ın all countries, companies in the majority 
of industries rely on their own financial resources for the 
performance of development work, and ıb 1s clear that 
many are not able to undertake potentially profitable 
development programmes through lack of finance It can 
therefore be argued that Governments should make funds 
available for the performance of development work in the 
civil field in all industries, thus helpmg to restore a balance 
between those which benefit from governmental mulitary, 
space and nuclear programmes and those which do not, 
and ensuring that no potentially profitable discovery 18 
neglected through lack of funds for development work 
Considerable efforts are already bemg made in this 
direction by the French Government, which 1s making 
funds available in increasingly large quantities Similar 
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efforts, although on a smaller scale, are bemg made in 
Belgium and the United Kingdom In all the afore- 
mentioned countries, the Governments draw some financial 
benefit from development work which they help to finance 
and which proves to be commercially profitable 

The Government as an Enlightened Buyer Even mm the 
so-called capitalist countries, Government (central and 
local) ıs the largest single buyer of goods and services in 
the economy Ii ıs, therefore, in an excellent position to 
act as an enlightened buyer and to encourage, and even 
insist on, high technical standards from its supphers This 
happens already to a large extent with governmental 
defence contracts ın industry, because the fulfilment of 
the technical requirements specified by the Government 
mn such contracts ıs considered to be of the highest national 
importance However, essentially the same thing happens 
in contracts between shirt manufacturers and Marks and 
Spencer 

There 18 a growing awareness by Governments of the 
influence that they can have in this field In the United 
Kingdom, the Government 1s a customer for about 50 per 
cent of the output of the building industry and 1s making 
considerable efforts to umprove building techniques? 
Similar developments are evident in the United States 
It ıs clear that the success which governmental depart- 
ments have in encouraging :znnovation will depend largely 
on the degree to which they can call on technically 
competent staff 

Obstacles to Innovation Some mention must be made 
here of factors which, although not directly related to 
research and development or to scientific policy, may 
nevertheless obstruct efforts to mnovate and thus lead 
to a dimimution of research and development activity 
Perhaps the most mportant obstacle to mnovation can 
arise out of the restrictive attitude of a labour force which 
feels that mnovation may upset established practices and, 
more specifically, lead to redundancy Governments can 
take effective action, m co-operation with mdustnal and 
Trade Union leaders, to overcome this obstacle by educating 
the labour force to the long-run advantages of mnovation. 
and, at the samé time, by mrtigatmg the worst short-run 
effects through an active programme for the retraming 
and redeployment of redundant workers Also Government 
rules and regulations may stifle mnovation In the 
buildmg industry, the use of new buildmg methods and 
materials is often made impossible owing to statutory 
safety requirements, and mass-production and pre- 
fabrication, often precluded through 2 lack of umformity 
between locally required standards This 18 an obvious 
area where Government can act 

Chowe of Areas for Government Action The foregomg 
discussion shows that madequate research and develop- 
ment and the madequate use of scientific and technical 
knowledge for economic purposes can stem from a variety 
of causes, and that a variety of measures can be employed 
by Governments to try to put things right Some of the 
measures, such as the fiscal rehef on research and develop- 
ment expenditures and those related to educational policy, 
are widespread ın their effects Others, such as the setting 
up of industrial research associations and the awarding of 
development contracts, affect specific industries or firms, 

It 1s very difficult ın an article of this length, and know- 
ing what we do at present, to assess the relative merits of 
these general and specific measures Such an assessment 
would, furthermore, be mfluenced by one’s political 
leanings and by the circumstances existing m a particular 
country at a particular time However, ıt 1s possible to 
say a few words about the choice of priorities for govern- 
mental action m specific economic and technical sectors, 
since these choices are in fact bomg made In France, 
encouragement and aid to research and development are 
being given by the Government on the basis of the econo- 
mic trends foreseen ın the Fourth Economic Plan, and 
of the degree to which mdustries and companies ‘import’ 
ther mnovation from foreign countries m the form of 
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patents and manufacturing leences, In the United States 
and the United Kingdom, efforts are being made to brmg 
about mnovation in the building mdustry, because present 
techniques are madequate to fulfil expected future needs. 
In the United Kmgdom, efforts have been made to improve 
the level of research and development in industries which, 
by comparison with other countries, were comparatively 
weak", and recommendations have been made that the 
allocation of funds to research and development should 
be influenced by the degree to which such an allocation 
might promote exports or save rmports!” 

It is clear that, given that the financial and human 
capacity for research and development of a country 1s 
limited in the short run, choices of priorities will be made 
to an increasmg extent, either expheitly or umphertly, m 
future It ıs to be hoped that economic criteria will be 
fully considered when these choices are bomg made 


Scientific Discovery and Innovation Outside the 
Economy 


So far, this paper has considered only research and 
development undertaken for economic purposes, and I 
have said that more of ıb ıs bomg done It must never 
be forgotten, however, that research and development is 
undertaken for other purposes, and that more of ıt 18 
bemg done This other research and development accounts 
for more than half the national expenditures m certain 
countries In some cases ıt competes with the economy 
for research and development resources, and in some cases 
1t complements the efforts of the economy We shall 
discuss here the two most important components of this 
other research and development namely, military and 
‘prestige’ research and fundamental research 

Miltary and Prestige Research National mulitary 
strength 1s no longer primarily a function of the number 
of mfantrymen nor even of industrial potential but rather 
of the quantity and quality of certam types of scientific 
and technological activity Simuarly, prestige ın foreign 
policy no longer depends on gunboats but on the technical 
virtuosity of space satellites. Certam Governments, there- 
fore, spend a great deal of money, and employ a large 
number of scientists and engineers, on research and 
development as part of defence, nuclear and space 
programmes More than 70 per cent of the funds provided 
for research and development by the Governments of 
France, the United Kingdom and the United States are 
in these three fields 

The main purpose of research and development work 
as part of national defence, nuclear or space programmes 
1s not to provide goods and services for the public, although 
knowledge of economic value may be produced by accident. 
However, a large part of the research and development 
work 1s undertaken in companies with civilian interests—~ 
mainly ın the aircraft and electronics mdustries—so that 
some of the work may find e1vilian applications Neverthe- 
less, some reservations are bemg expressed concerning the 
overall economic benefits of mulitary and prestige 
research'¥4, It ıs bemg argued that the nature of the 
problems bemg solved ıs becoming very different from 
those which concern the mamly earthbound economy, 
and that the possibilities of ‘spin-off’ from the military 
and prestige to the crvilian field are diminishing 

Furthermore, research and development projects for 
defence and space are competing with research and 
development projects in the economy and in the univer- 
sities for the services of a comparatively restricted supply 
of people capable of undertakmg research and develop- 
ment Large-scale programmes ın defence and space can, 
if not carefully watched, lead to rapid mereases m the 
salaries of research workers, or to unfilled vacancies m 
other research and development projects and in the 
teaching posts m the universities, without any real 
merease in the quantity of research and development 
activity actually undertaken 
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There is, m fact, some evidence that the three-fold 
increase in expenditure ın the United States on defence 
and space research over the past ten years has led to a 
levellmg off of research and development for economic 
purposes!!! By contrast, research and development for 
defence purposes over the past eight years m the United 
Kingdom has remamed approximately constant as a 
proportion of gross national product, whereas research 
and development for economic purposes has seen a three- 
fold increase Given, however, that many Governments 
will find it necessary to have large-scale research and 
development programmes m defence and space, scientific 
pohey makers should ensure that these enormous pro- 
grammes are well managed and that there is no unnecessary 
waste of money or—more immportant—men!* At the 
same time they should ensure that, so far as the need for 
secrecy allows, the scientific and technical knowledge 
accumulated as a result of military and space programmes 
should be made readily avaiable to mdustry and the 
universities 

Fundamental Research Most fundamental research 1s 
undertaken m the universities or technical colleges, 
although a certam amount 1s carried out m governmental 
laboratories and m mdustry The mereasmg practical 
utility of science and technology has led to the mereasmg 
demand for scientists and technologists, so that the 
scientific and engmeermg faculties of the universities are 
expanding?’, and so are the facilities for research 

An adequate level of fundamental research is, ın the 
long run, an essential pre-requisite for mnovation and 
economic growth Many modern mdustries are based on 
the discoveries of scientists who, at the outset, had no 
mterest ın the potential economic usefulness of ther 
work Attempts to ‘direct’ fundamental research or to 
restrict the distribution of its results often meet with stiff 
opposition from the scientific community. This 1s nght 
and proper on cultural and ethical grounds It 1s also 
right and proper on economic grounds, since most good 
scientists are more productive when followmg ideas of 
their own choosing, and their discoveries are more likely 
to find some practical appheation if the results of their 
work have wide and unrestricted distribution. 

In most countnes, the largest proportion of funds for 
fundamental research comes from Government It ıs, 
therefore, very umportant that the holders of the pubhe 
purse take a generous and long-term view of expenditure 
on fundamental research, and that they evolve an effective 
method of providing adequate funds for fundamental 
research, above all in the universities 

At the same time, both the nature and the role of 
fundamental research ıs changing It 1s becoming mereas- 
mgly concerned with ‘unnatural’ states of, say, distance, 
speed, size, time, temperature and pressure!* Heavy 
expenditure on equipment 1s often required to bring about 
these states, and imereasingly refined techniques are 
required to measure and record them Moreover, there 
are now many remarkable aids to calculation, but they 
cost a great deal of money. This often means that special 
Government grants are now needed to set up research 
institutes which are used by more than one university— 
such as the National Institute for Research m the Nuclear 
Sciences at Harwell 

Furthermore, fundamental research 1s becoming of 
practical importance, manly es a result of the advance of 
techniques m the mulitary, space and mdustrial fields 
‘Oriented? fundamental research is therefore bemg 
undertaken m industrial, governmental and university 
laboratories In the United States, the growth of oriented 
fundamental research mamly as a result of governmental 
and industnal contracts with the universities has been 
particularly rapid It is clear that Government should 
help ensure that mdustry and Government have frutful 
contacts with the universities concernmg oriented funda- 
mental research. At the same time, however, 1b should 
be careful to ensure that the onented research work 
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does not swamp out the very necessary free fundamental 
research 


Smith, Adam, The Wealth of Nations, Book I, Chap I 
2 Smith, Adam, Op et., Book I, Chap T 
3 sumea Simon, Siz Lectures on Economie Growth, Lecture I1, Tinos 


4 The definitions of research and development used by the National Scienc® 

Foundation for statistical surveys in the United States are the following 

Research is systematic, mtensive study directed towards fuller 
knowledge of the subject studied Research may be either basic (that 1s, 
fundamental) or apphed 

Basie (that is, fundamental) research 1s directed toward increase of 
knowledge, 1 18 research where the primary aim of the mvestigator 18 
a fuller knowledge or understanding of the subject under study rather 
than a practical application thereof 
i sapped research 18 directed toward practical applications of know- 

edge 

Development 1s the systematic use of knowledge directed toward the 
design and production of useful prototypes, materials, devices, systems, 
methods or processes It does not mclude quahty control or routine 
production testing 

The fields of science covered by these surveys consist of the engineering, 
physical and life sciences 

‘For example, see the publications of the National Science Foundation, 
Washington, and of the Central Bureau of Statistics, the Netherlands, 
the report of the Advisory Council for Scientific Policy, 1961-62, London, 
UK , Le Financement de la Recherche Screntifique et Technique en France 
(Paris, 1961) 

* For example, Solow, R , “Technical Change and the Aggregate Production 
Function” Rey Economics and Statistics (1957) Massell, B , Deter- 
monants of Productivity Change in Umted States Manufacturing (Rand 
Corporation, California) 
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(1963) National Economic Development Council Conditions Favourable 
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13 In this context, one must exclude nuclear research concerned with the 
generation of energy 
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18 In this context, see the recommendations of The Management and Control 
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President on Government Contracting of Research and Development 
(Government Printing Office, Washington, D C , 1962) 
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PROBLEMS OF ECONOMIC GROWTH* 
By Pror C. F. CARTER 


Vice-Chancellor of the University of Lancaster and Joint Editor of the Economic Journal 


HERE are two problems of growth one 1s how to 
begin and sustam the process in those countries 
which remain very poor, and the other ıs how to mfluence 
the rate of growth of developed countries In discussing 
these, ıt ıs umportant to keep a firm control of our time 
perspective A compound rate of growth of production 
per head at 5 per cent per annum 1s sufficient to give an 
merease of 114 times ın 50 years (which is enough to get 
the Indian standard of living within striking distance of 
that at present enjoyed by the United States), or of 132 
times in, a century Small differentials m growth-rates, 
operating over quite a short time m the history of the 
human race, are sufficient to produce large differences be- 
tween rich and poor nations High per capita growth rates 
(of the kind, for example, which Britain hopes to achieve 
through the National Economie Development Counen) 
must necessarily be a short-lived phenomenon when 
considered agamst the whole scale of history Itis plausible 
that, with the substitution of new matenals and sources 
of energy, the world can produce five times what it now 
produces, it 1s not plausible that ıt can produce a hundred 
tames as much, either ım total or per head, nor does ıb 
seem very likely that the human race would desire to 
create material wealth on this scale Durmg the next 
century the mereasing difficulty and real cost of winning 
extra supples, and the cost of findmg or making sub- 
stitutes for easily won natural materials, may slow down 
the achievable rate of growth below the rate of rise of 
population, so that the world average mcome per head 
would necessarily fall 
It follows that, so far from the future holding a promise 
of Cadillac motor-cars for Indian farmers and ever-larger 
television screens m the villages of Africa, our grand- 
children or great-grandchildren might belong (on average) 
to the richest generation ever to dwell on this planet, at 
least until the human race learns to control 1ts numbers, 
and the peak would be reached at a time when serious 
poverty was still the fate of a large part of the human 
race Beyond that tıme there would be a direct conflict 
between the rehef of poverty and the desire of the rich 
to become still richer 


* Substance of an evening discourse delivered on August 30 to the British 
Association meeting in Aberdeen 


The flow of wealth is created by the apphcation of 
human effort, skul and mgenwty to the resources pro- 
vided by Nature and to the stock of capital goods created 
in past times, within the framework of a particular 
method of organizmg production and exchange It follows 
that economic growth requires one or more of the follow- 
ing more human effort, more skill and mgenuity 
(ncluding here the use of a more advanced technology), 
the discovery of more natural resources, more capital 
goods (of an appropriate kmd), more appropriate organ- 
ization 

Economists have sometimes given the impression that 
the key factor m economie growth 1s the size of the stock 
of capital In consequence, a country wishing to achieve 
rapid growth was to tighten its belt, to use less for its 
immediate needs, and to divert its effort to the creation 
of a capital stock to produce wealth ın the future This, 
we were told, was the great secret of the growth of the 
Soviet economy It was an unhappy mpheation that 
those countries most m need of growth would find ıt 
hardest to achieve, because they would be too poor to 
divert resources from current consumption 

Now, since economic growth usually mvolves the pro- 
duction of new kmds of goods, ıb ıs no doubt generally 
true that ıt involves the creation of new capital to make 
those goods But where several mfluences work together 
to create a result, 16 13 dangerous to label one as a ‘key 
factor’. It seems a priors more likely that the most 
important mfluences on growth will differ from one 
country to another and from one period to another 
Furthermore, the influence of a stock (whether of capital, 
natural resources, or knowledge) depends not only on 1ts 
absolute size but also on the effectiveness of 1ts exploita- 
tion Machines which work one shift can be made to 
work three, railway lmes which carry trams once an 
hour can carry them every ten mmutes It does not 
follow that, because the British rate of growth 1s low, there- 
fore we immediately need a lot more capital Perhaps 
for a considerable period we need only make better use 
of what we have got already 

(Mr Carter then illustrated the mportance of alterna- 
tive influences on growth by discussing a series of pro- 
positions, two of which were as follows ) 
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ir persoil, Britain could have a 5 per cent 
eople worked harder and longer. Such a 
tht not be true if applied to an Indian 
‘people already work as hard as a diseased 
der-nourished state allows. But few of us in 
have reached the limit of our capacity to work; 
we often, in common gossip, ascribe our lack of 
mic progress to our failure to work as hard as (say) 
mans or the Japanese. Why, then, do we not 
idor? Or (to put it another way) why are there 
is in.which the energies of a community are easily 
lated and released, and other periods when men 
nd action of others which they will not give them- 
sT 
he question is an obvious one; but it is not answered 
r BOrMmonS, political speeches, or leaders in The Times, 
lling for a ‘new sense of national purpose’. This only 
states, the problem: Why does the sense of national 
purpose vary? The social influences on intensity of 
effort remain, in fact, somewhat mysterious, despite the 
many millions of words which have been written about 
_ them-—probably, again, because they are various, and 
operate in different combinations and to different degrees 
at different times and places. I select a few pointers: 
ooo eo (a) People will not work hard to create material wealth 
ce unless it is considered desirable and respectable to enjoy 
the fruits of their labour; in this sense economic growth 
fee requires a ‘materialistic’ society. 
(6) They will not work hard unless they can imagine 
themselves attaining the desirable consequences. Energy 
is released. by the spread of the use of money in an 
_ economy formerly producing for subsistence within closed 
village or family communities, for money carries the 
_ power. to break out into a new kind of life, to buy the 
_ products of the towns or to emigrate. In a developed 
community, energy is stimulated by strong social pressure 
to keep up with the neighbours; the best achieved within 
oe our’ social group is the object of our own imaginings. 
ee - (e) It follows that a society with marked class or caste 
= or racial barriers will offer an inferior stimulus; if a 
man knows or believes that he cannot rise far, why 
should he bother? Why work to get a Rolls-Royce 
~. motorcar if one is confined for life to a social group 
satisfied with a Mini-Minor car? 
= (d) The extent of people’s effort depends on the weight 
z -whieh they put on the co-operative, as against the corm- 
_ petitive, aspects of society. All economie life, in any 
2 society, involves elements both of co-operation and of 
conflict. But in some. societies a man who works harder 
sees his efforts as benefiting “Them’-—the bosses, the 
shareholders, the Government-——while in others he sees 
first the. benefit to himself and to ‘Us’, the common 
nterest in economic growth. These points of view bear 
no apparent relation to the actual division of the benefits, 
though they are perhaps related to the extent to which 
ocial ivisions ran along lines which separate economic 




































cople will 2 not work hard if they see the results of 
orts running away in waste and frustration. 
nts are important here. First, the economic 
eat Be organized with reasonable efficiency and 
y: lack of economic growth can sometimes be 
| cA an inflexible and stupid administration, or on 
lence of bribery and corruption. Secondly, the 
new ideas must not be suffocated by a dead 
orthodoxy; and a problem here is that an 
community may not even realize that it is 
ng new ideas. Thirdly, the energy of the young 
be frustrated by the power of the old. A system 
sely relates influence to seniority, and which 











one of those remakes the apparently T elisan, 
iC icoals the fact that it does not mean 
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“growth depends on the level of education. 
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very much. There are several different ways in which lack 
of educational facilities may inhibit economic growth, 
and they call eh differ ent ae nen are _ not 


major sectors of the economy cia: in other renee are 
ready for vigorous growth, can properly be regarded as 
‘key factors’, and they call for specific efforts of training 
or re- -training applied to limited groups of people. 
Secondly, the spread between efficient and ‘back kware 
producers may be too great. This calls for an educational __ 
effort of a complex kind. It must predominantly be adult 
education if it is to take effect in a reasonable time. It- 

must start by identifying why backward. producers i 

tolerate their own backwardness. Are they merely — 





ignorant? Are they enjoying an easy protected | life, 
without the trials of keeping in the front? Are the 
incentives to improve their ways too small? Are they 


held back by social pressures, or religious scruples, or 
faults of organization? To treat the disease by technical 
education assumes that ignorance is the main. factor— 
that if the producer i is told of a better way, he will follow 
it; and this is not necessarily true. 

‘Thirdly, a generally higher level of education may con- 
tribute to economic growth by increasing adaptability to 
change. This idea involves, not instruction to meet a 
known need, but the development of ability and per- 
sonality to meet unknown situations in the future... 
Instruction to meet a known need may; in fact, inhibit — 
growth, if people become fixed in their habits of thought, — 
We are, I think, in Britain in danger of getting too much | 
instruction in technology and too little education in 
creative technological thinking; and though this may 
help to relieve certain specific shortages of skill, it does 
not sufficiently assist our adaptation to changing con- 
ditions of trade. 

Fourthly, education may assist growth by altering the 
problem of communication. This is most obviously true. 
of learning to read and write; the written instruction 
and message can replace the fallible memory of a ‘verbal 
communication. Similarly, an improvement in what is 
now called ‘numeracy’ widens the range and precision of 
communication; a man who can interpret a graph, or- 
read the message of a table of statistics, can acquire ideas 
more rapidly and accurately than he can from words 
alone. Again, if a country gives specialist scientific 
training to more people, it increases the number of those 
who are ‘tuned to the same wave-length’ as scientists in 
other countries-——it provides itself with listening or 
observation posts, so that it becomes more likely than 
before to pick up new ideas quickly and effectively. ` 

But more of the wrong kind of education may waste Taj 
ability while doing nothing to promote economic growth; __ 
it may merely create a class of educated unempl ae 
More, even of the right kind of. education, i ` 
only at a cost-—a shortening of working life, 
of ability into the teaching profession. The 
of Britain, for example, have a very large and: f: 
appetite for the services of their own most able graduates. 
First-rate ability is in desperately short supply, in indus- 
try, commerce, the professions and Government service. 
It is not entirely fanciful to suppose that in the short run 
our very necessary university expansion may be harmful 
to economic growth. 

In my reading of past history I do not find, and I. do 
not expect to find, any one cause of stagnation, or. any 
one system of remedies for it. The way to economic 
growth is to be found through a profound understanding. 
not only of the economic influences bearing fat a oe 
munity, but also of its social structt and ways of 
thought. For this reason I am very do 
of dispatching economic experts to help un E 
countries to achieve development-—except that an expert 
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the sharp class distinctions between 
n the traditions of trade union bar- 









abits of thought 





-gaining and cost-plus pricing; in the pressures of 
democracy to get benefits now at the expense of the 
future. 
difficulties. 


There is no simple formula to dissolve these 


_ INCREASE IN RADIOCARBON FROM THE MOST RECENT SERIES 
OF THERMONUCLEAR TESTS 


By REIDAR NYDAL 


Radiological Dating Laboratory, Norwegian Institute of Technology, Trondheim, Norway 


. FQEFORE development of the atomic bomb, the natural 

J production of carbon-14 in the atmosphere was only 
effected by the cosmic ray neutrons (n), as nuclear 
reaction with nitrogen atoms (nitrogen-14) in the air 
produced the carbon-14 isotope according to the equation: 


MN + n = MBC + H 


The natural equilibrium between production and dis- 
integration of carbon-14 in the world reservoirs has been 
disturbed by atom bomb explosions, where liberated 
neutrons produce additional carbon-14 in the atmosphere. 
For explosions in the atmosphere the number of carbon-14 
atoms produced is nearly equal to the number of liberated 
neutrons. 

The first nuclear bombs operated by the fission of 
uranium or plutonium produced large quantities of fission 
isotopes such as strontium-90, easium-137 and iodine-131, 
In the hydrogen bomb, however, the main energy is 
released by a fusion reaction which does not result in 
liberation of fission products. The neutron yield per 
megaton in a fusion reaction may be greater than for 
fission. According to results obtained by Leipunsky+, 
2-2 — 32 x 10% neutrons per megaton were released by 
various fusion reactions. For explosions prior to 1959 
the total observed neutron yield (fission and fusion) was 
close to 2 x 10°¢ neutrons per megaton?. This was, how- 
ever, a mean value derived from different types of nuclear 
weapons. 

“Radiocarbon in the atmosphere from nuclear tests has 
already been investigated by several authors?. The large 
series of thermonuclear tests carried out in 1961 (150 
Mtons) and in 1962 (320 Mtons) have caused a more 
dramatic rise in artificial radiocarbon than before, and I 
have therefore considered it important to follow the recent 
increase in radiocarbon content of the troposphere and bio- 
sphere. The two main purposes of the present investigation 
are the following: (1) to obtain exact data on terrestrial 
carbon-14 activity for estimating the human hazard: 
(2) to examine transport processes in the atmosphere. 

The recent international agreement on prohibition of 

nuclear tests in the atmosphere gives excellent oppor- 
tunity to examine the distribution of carbon-14 from the 
later bomb series, which were mainly injected at the 
polar cap. 
In Trondheim I began measurements of carbon-14 in 
the atmosphere in May 1962. In order to study meridional 
transport and increase in carbon-14 at various latitudes, 
several persons have collected weekly samples for the 
laboratory since March 1963, from Addis Abeba (9° N.) 
to Spitsbergen (78° N.). As seen in Fig. 1, the stations 
(dark rectangles) are mainly placed ‘along the coastline 
of the continents and far away from large towns and 
industrial centres. Every precaution is taken to avoid 
carbon dioxide from local sources. 

I used the method‘ of direct absorption by sodium 
hydroxide of carbon dioxide from the air. Generally, a 
solution amount of 2 1. 1/2 N sodium hydroxide in each 


of two dishes was used. Each dish has a cross-section of 
about 450 cm’. For practical reasons, an absorption time 
of 7 days (from one Monday to the next) was generally 
used for each sample. The amount of carbon dioxide 
absorbed during this time varies widely (3-8 1.), depending 
on temperature and humidity of the air. During the 








Fig. 1, Dark rectangles show the localities where weekly samples of ` 
~ > > earbon dioxide were collected from the alr T r OF. 
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Fig 2 Increase in radiocarbon m the northern hemisphere 


winter in northern latitudes, a thermostatically controlled 
heater element of 40 W ın each dish served to keep the 
temperature slightly above zero °C p 

A fractionation between the carbon isotopes takes 
place during the absorption In order to make the 
measurements directly comparable with the oxalic acid. 
standard’ from the US National Bureau of Standards, 
most of the samples are measured for fractionation error 
by mass-spectrometrical analysis of the “C/##C ratio It 
turned out, however, that fractionation of the samples of 
carbon. dioxide was very-close to that found ın vegetation 
Correction in the activity is only applied m a few single 
cases where the deviation 1s more than about 2 parts per 
thousand from the normal value 

Generally, the percentage deviation ın activity of 
carbon-14 (AC) from the recent standard 1s calculated 
as 
I — 0 95 T° 

0 95 T° 


where J represents the activity m the ar sample, and 
0 95 I° the normal activity in recent wood 

The samples are partly measured ın a carbon dioxide 
proportional counter, earher deseribed*, and partly m a 
second counter with a background of 3 5 counts/min and 
a recent standard net count of 142 counts/mm Gener- 
ally, a counting tıme of more than 24 h ıs applied for 
each sample The limit of error for each measurement 1s 
one standard deviation 

The percentage merease (A#4C) m radiocarbon versus 
tme given m Fig 2 shows a curve which is mainly the 
result of nuclear tests carried out m 1961 and 1962 The 
curve shows the typical seasonal variation, with mcrease mn. 
activity between January and August, and a decrease the 
rest of the year The variation is due to the transport 


ANC = x 100 


mechanism from the stratosphere to the troposphere 
During large thermonuclear explosions, the radioactive 
elements are myjected m the stratosphere The transfer 
back to the troposphere seems to some extent to be 
dependent on seasonal variation m the height of the 
tropopause’:*, which shows larger heights m summer than 
in winter on northern latitudes In summer the turbulent 
motion in the troposphere ıs able to reach greater atmo- 
spheric heights, and parts of the lower stratosphere will 
then be incorporated in the troposphere This results in a 
much larger transport downwards m summer than in 
winter 

In August 1963 a doubling of the normal carbon-14 
level in the troposphere was observed on high northern 
latatudes Only a few samples are measured from Dakar 
(13° N ) and Santiago de Compostela (43° N }), but the 
measurements here indicate that the merease is about 
uniform ın the northern hemsphere In the last four 
months of this year a decrease in activity up to 10 per cent 
is predicted because of the transfer of radiocarbon to the 
ocean and the southern hemisphere It 1s rather difficult 
to predict the prospective rise m. tropospheric radiocarbon 
the following years, as we do not know exactly (1) the 
neutron yield of the bombs, (2) the altitude for the 
injection of radiocarbon 

According to our observations, about 15 x 10? car- 
bon-14 atoms have until now been transferred to the 
troposphere from the 470 megaton thermonuclear explo- 
sions during 1961 and 1962 ‘This amount constitutes 
only 15 per cent of the minimum amount of carbon-14 
myected m the stratosphere m the period mentioned If 
this ıs correct, the tropospheric carbon-14 level will 
continuo to rise for some years The period of existence 
of a carbon-14 atom m the troposphere is 6-7 years’, 
before 1t ıs absorbed in the ocean This absorption will 


old 


furthor determine the decrease m the troposphere until 
stabibzation occurs m about 50 years After that time 
the remamimg bomb carbon-14 will decay with a half-hfe 
of 5,700 years 

By the process of photosynthesis m plents the radıo- 
carbon ıs transferred to the biosphere Unfortunately, 
the growing season m northern latitudes comeades with 
the time of maximum increase m radiocarbon ‘The 
samples of cereals measured in 1962 ana 1963 show a 
specific activity not far from the maximum carbon-l4 
content ın the troposphere in the respective years (Fig 2) 
This is also the case with the two samples of cows’ milk 
from the local dairy at Trondheim A prediction of the 
earbon-14 rse m the human population is somewhat 
complicated because of varying diets This question 18 
treated by Broecker ef al®, who found a time-lag in 
carbon-14 content between parts of the human organism 
and, the troposphere of 1-2 years The authors state that 
the time-lagis due to (1) the tıme between photosynthesis 
of food and consumption by human beings, (2) the length 
of time the carbon remam in human tissue 

Up to the present only two samples from human 
organisms have been measured m our laboratory The 
first sample was hair of the neck of a baby born on 
February 21, 1962 The hair which was cut for the first 
time on November 15, 1962, showed a carbon-14 activity 
of 30 70 + 135 per cent above normal level The child’s 
diet im the present case was perhaps somewhat unusual, 
because it consisted mamly of cows’ milk for the past six 
months 

The second sample was blood from a person twenty- 
four years old The sample, which was collected on Sep- 
tember 9, 1963, showed an imorease of 34 85 + 110 per 
cent above normal. The activity corresponds to a time- 
lag behind the tropospheric level of 13 years, a result 
which fairly agrees with that found by Broecker (1+1 
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year) It ıs reasonable to assume that m future the 
amount of carbon-14 m the human population will rise 
to a maximum value, close to that of the final tropo- 
spheric level Even if no further nuclear tests are carried 
out, ıt 1s already obvious that this amount will at least 
be 2-3 tumes the normal activity withm a few years 
Further measurements are needed, however, m order to 
obtam more exact mformation 

I thank the followmg for collecting samples at various 
latitudes Mr Kare Henriksen, Isfjord Radio, Spits- 
bergen, Mr Arild Klefstad, Fruholmen, Nordkap, Mr. 
Remert Rasmussen, Lindesnes, Mr Enrique Lazo Alcola, 
del Olmo, Santiago de Compostela, Mr Nicolás Miguel 
Zalote and collaborators, St Cruz, Tenerife, Dr C A 
Rouuller, jun , NASA, Project Mercury, Gran Canaria, Dr 
P Elouard, Unvorsité Dakar-Fann, Mr Oskar Nydal 
and Mr Hadle Hovda, Evangelical College, Addis Abeba, 

I also thank the followmg authorities, Dr José Antonio 
Barasoam and Dr Pio Pita Suarez de Cobian, of the 
Ministerio del Aire, Madrid, for assistance m arranging the 
sampling m Santiago and Tenerife 

This work was supported by the Norges Almenviten- 
skapelige Forskningsråd and Norges Tekniske Hogskoles 
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Sir Geoffrey Evans, C.! E. 


OIR GEOFFREY Evans, who died on August 16 at the 
age of eighty, was a man of exceptional experience m 
tropical agriculture, and one who played an imfluential 
part ın the organization and development of agriculture 
in Commonwealth countries as wide experiencs was 
gamed ın an active hfe of service abroad ` 

From his home m a, Lancashire vicarage and from school 
in Bury, Geoffrey Evans entered Downmg College, Cam- 
bridge, ın 1901, to read for the natural sciences tripos and 
then to take an agricultural diploma He remained m 
Cambridge on the staff of the School of Agriculture for a 
further year before taking an appomtment m the Indian 
Agricultural Service He sailed for India m 1906 to 
become, ın the words of an earher biographer, “one of 
the early band of stalwarts who laid the foundations of 
the Indian Agricultural Service” Durmg his time m 
India, which extended until 1923. his various posts 
meluded those of prıncıpal of the Agricultural College at 
Nagpur, deputy director of agriculture for a large district 
in the Central Provinces, and finally director of agriculture 
in Bengal 

During the First World War, as an officer tramed m 
thé Indian Army Reserve, Evans saw active service im 
Iraq Use was there made of his technical knowledge, 
and he was appoimted director of agriculture to the 
Mesopotamia Expeditionary Force with rank of colonel 
He also had an opportunity to visit Burma when chosen 
to advise on organization of its agricultural department 
Characteristically, ın his report he stressed. the importance 
of sound agricultural traning, and one of his recommenda- 
tions led to the founding of the Agricultural College at 
Mandalay 


On leaving India m 1923, Evans took an appointment 
with the Empire Cotton Growing Corporation as director 
of cotton culture to the Queensland Government His 
three years m Australa he himself described as “somewhat 
strenuous, but most mterestmg” He arrived at a time 
when a boom in cotton-growmg was colapsmg and when 
the Government was introducing unpopular measures for 
regulating its plantmg He remaimed long enough to see 
some order return, to improve the seed-supply, to tram a 
team of efficient field-officers, and to see started a well- 
equipped Cotton Research Station He found time to 
visit Fiji to advise on possibilities of extending cotton 
cultivation there, and wrote a typically helpful report 
outlning practical measures to be taken for establishmg 
the mdustry on a sound basis A visit for the same purpose 
was later paid to Papua and New Gumea 

Evans’s experience was, therefore, already wideand varied 
when, ın 1926, he was invited to join the staff of the 
Imperial College of Tropical Agriculture, Trmidad In the 
following year he was confirmed as principal, a post he 
was to fill for twelve years with outstanding ability The 
College, which had been formally opened m 1922, owed 
much to the inspiration of Viscount Milner, who envisaged 
it not only as a regional agricultural college for the West 
Indies but also as a place where men would be traimed to 
serve as agriculturists throughout the British tropical 
possessions, and as a centre for fundamental research on 
tropical crops When Evans came, a good start had been 
made, but building had yet to be completed and land fully 
acquired finances remaimed insecure, the aims and courses 
of study had still to be fully worked out, and research 
policy planned It fell to Evans to make a working realty 
of the proposals of Milner, and the measuie of his success 
may be gauged by the ability of the staff who were 
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attiacted to the College, by the hıgh reputation for 
traming which the College soon acquired, and by its fine 
record of research accomplished 

While he has been described as helpmg to lay the 
foundations of the Indian Agricultural Service, ıt can be 
said with no less force that he did much to fashion the 
Colonial Agncultural Service Not the least important 
task of the College was the traming of staff to man the 
Colonial departments of agriculture, and most of the 
officers recruited ın that period could look back, ın 
pleasurable memory, to the College under Evans 

Evans left Trinidad ın 1938 to become economic botanist 
at Kew, a position m which his wide knowledge of tropical 
crops could be well utilized In 1941, on the sudden death 
of Sur Arthur Hill, director of Kew, Evans was called on 
to act ın his place, and he administered, the affairs of Kew 
for two of the difficult war-years, leading rts force of 
local defence volunteers, and afterwards commanding the 
Home Guard of the adjoming borough of Richmond 

He remained as economic botanist until the end of 1953, 
taking special interest m the provision of useful plants to 
countries of the Commonwealth and ther growing under 
conditions of quarantine at Kew He served as chairman 
of the Colonial Committee on Anti-locust Research, as a 
member of the Committee on Colomal Agricultural 
Research, and on various other commuttees and Govern- 
ment commissions Durmg 1947-48 he was chairman of a 
commission apponited to examune the possibilities provided 
by British Guiana and British Honduras for settlement of 
people from over-populated West Indian islands and of 
people displaced from European countries Few commis- 
sions can have been as energetic as this one, as led by their 
chairman, ever an active man, they travelled by canoe and 
by jeep, on horseback and on foot, seeking areas fit for 
development in the interior of these countries Although 
httle action followed publication of the report, ıt remains 
an admirable account of the resources of these territories 
and means for their development 

On retiring to his home ın Sussex from Kew and from 
his various committees, he yet retamed one post m which 
he took a special interest, and, as chairman of the com- 
mittee managing the National Pinetum at Bedgebury m 
Kent, he supervised with almost paternal care the progress 
of the coniferous plantings 

Geoffrey Evans was honoured for his work ın the First 
World War by the award of the C I.E, and was knighted 
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in 1934 in recognition of his work m Trinidad He was 
honoured ın a wider sense by those knowmg him who 
respected his upright character and responded to the 
warmth of his genial and kmdly friendlmess The regard 
m which he was held extended equally to Lady Evans, who, 
after sharing lis hfe for forty-nme years, survives him 
along with their two daughters T A ROSSELL 


Dr. Francıs M. Defandorf 


Dr FrRanors MARION DEFANDORF, an authority m the 
field of high-voltage measurements at the US National 
Bureau of Standards, died on August 18 He was born in 
Garrett Park, Maryland, in 1897 He received his bache- 
lor’s degree in electrical engineering from the Johns 
Hopkins University ın 1920, a master’s degree from 
Harvard in 1923, and a PhD from Johns Hopkins in 
1927 

His professional career was at the National Bureau of 
Standards, where he first worked on a summer task ın 
1916 He rose to become chief of the Electrical Instru- 
ments Section for the last seventeen years of his life Here 
his broad knowledge, meticulous care and dedication to 
the task at hand served as inspiration to his associates 
The present 2-muillon-volt High Voltage Laboratory of 
the Bureau ıs ın large measure the result of his initiative 
in starting 1t, his skill in planning 1t, and his wisdom in 
directing its development 

He was very active in local civic and scientific matters 
His services to the Philosophical Society of Washington 
and to the Washington Academy of Sciences were recog- 
nized by his election to the presidency of each in 1946 and 
1954, respectively He was a Fellow of the American 
Institute of Electrical Engmeers and active in the work 
of its local section, of which he was chairman in 1941-42 
He also devoted much effort to the national standardizing 
work of the American Institute of Electrical Engineers 
and of the American Standards Association, particularly 
in the field of hghtning protection He was the author of 
a number of technical papers on hghtning and on methods 
for measuring very high voltages 

During the Second World War and the Korean conflict, 
he was engaged ın highly classified applications of electri- 
city 


NEWS and VIEWS 


The Sir Willam Dunn School of Pathology, University 
of Oxford. Sir Howard Florey, PRS 


Stir Howarp Frorey, who became professor of patho- 
logy at Oxford ın 1935, ıs now the Provost of the Queen’s 
College and has relinquished the chair Sir Howard has 
made unrivalled contributions to the development of 
pathology as an expermental science in Britam Has 
work has ranged from the study of mflammation and 
mucus secretion to the discovery, with Prof E B Chain 
and other colleagues, of the chemotherapeutic properties 
of penicillin and, more recently, to vestigations with the 
electron microscope relatmg to occlusive diseases of the 
arteries His distinction has been recognized by the award, 
in 1945, of the Nobel Prize ın Physiology and Medicine 
and of the Royal and Copley Medals of the Royal Society 
His outlook and leadership have made the Sir Wilham 
Dunn School of Pathology a unique department of its 
kind, and fortunately he will be able to contimue his work 
there At the same time, he will be well placed, as Provost 
of Queen’s, to express his views effectively on matters 
relating to science in the University Sir Howard was 
elected a Fellow of the Royal Society 1n 1941, and first 
served on the Council during 1942-43 For the period 


1951-53 he was a vice-president and in 1960 was elected 
president (see Nature, 188, 896, 1960) 


Prof. H. Harris 


Sir Howarp has been succeeded in the chair and m a 
professorial fellowship at Lincoln College by Dr Henry 
Harris, who graduated at the University of Sydney, first in 
the Faculty of Arts and then ın Medicme Dr Harris went 
to the Sir Wiliam Dunn School of Pathology, Oxford, in 
1950 with a travelling fellowship from the Austrahan 
National University and contimued to work there until 
1959 After a year m the United States he became head 
of a new Department of Cell Biology at the John Innes 
Institute Huis first work at Oxford, which upset the 
prevailing view on the nature of chemotaxis ın leucocytes, 
led to investigations on the physiology of other mammahan 
cells, and in recent years he has made significant and 
interesting contributions to our knowledge of the biological 
role of the ribonucleic acids in cell nucle: Dr Harris 1s 
a man with an unusual collection of abilities His appoint- 
ment ensures that the Sr Wilham Dunn School of 
Pathology will retain the character ıt acquired from his 
predecessor 
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Towards the Organization of Science by Scientists 


Tose concerned with the organization and teaching 
of science 1m. Britain could well consider the possibility of 
introducing a compulsory one-year course on the admunis- 
tration and organization of science for all undergraduate 
students of science How many undergraduates are 
sufficiently well informed to understand the inosculations 
of the science effort, the workings of the Research Councils, 
the research associations, or science in mdustry or 
university? Such a course could include an appreciation 
of the interactions of science and the State—and where 
better could the student start than Prof R V Jones’s 
address, on September 3, to Section X (General) of the 
British Association for the Advancement of Science 
meeting, ın Aberdeen, on the life of Lyon Playfair (see 
Nature, 200, 105, 197, 1963)? Few students (and many 
qualified scientists) really appreciate the interrelation- 
ships of scrence and Government, the workings of the 
University Grants Committee, or even what DSIR 
stands for, let alone have heard of Lyon Playfair, Colonel 
Strange, H E Armstrong, Su Richard Gregory, ete , to 
mention a few The approach to the subject would best 
be historical and possibly subdivided as Playfair did his 
presidential address to the British Assocation im 1885, 
and which Prof Jones developed If such a course could 
be introduced by one compulsory lecture a week, all 
potential scientists would gain a better appreciation of 
the inherent difficulties of organizing the national science 
effort It would, in the long run, lead to the organization 
of science by scientists 


Peaceful Uses of Atomic Energy 


Tue third International Conference on the Peaceful 
Uses of Atomic Energy will be held m Geneva during 
August 31—September 9, 1964 A provisional topical 
agenda constituting the general programme of the Con- 
ference has been prepared by the United Nations with 
the advice of the Scientific Advisory Committee and m 
co-operation with the International Atomic Energy 
Agency ‘The main theme of the Conference will be new 
developments m power reactor technology, including 
descriptions of, experience with and prospects for reactor 
systems, economic aspects of nuclear power, nuclear fuel 
and other reactor materials, reactor physics and per- 
formance studies, safety wmplications and radioactive 
waste management Sessions are also proposed on new 
developments m controlled thermonuclear reactions, 
appheation of radioisotopes, research reactors and isotope 
separation and other new applications of atomic energy 
A scientific exhibition m connexion with the conference 
will be organized and participation will be limited to 
States taking part m the conference 

Su Wiliam Penney, deputy chairman of the United 
Kingdom Atomic Energy Authority, has been appointed 
chairman of a National Executive Committee with 
members representing the mterests of the Atomic Energy 
Authority, Electricity Boards, the nuclear mdustry, 
Government Departments, universities and research 
orgamizations A committee has also been set up under 
the chairmanship of Sir William Penney to prepare papers 
for submission by the United Kingdom to the Umited 
Nations The Atomic Energy Authority is to provide the 
Secretariat, which will be responsible for all executive 
and administrative arrangements on behalf of the United 
Kingdom relating to papers, the exibition and attendance 
at the conference, under the general guidance of the 
National Executive and Papers Committees For this 
purpose the Authormty has established a Geneva Con- 
ference Secretariat at rts London Office, 11 Charles IT 
Street, London, S.W 1, under the direction of Dr J Gaunt 


N 
Scientific Research ın France 


Tre Rapport National de Conjgoncture for 1962-63 of the 
National Centre for Scientific Research, Paris, also entitled 
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the “Report of the National Commuttee for Scientific Re- 
search”, covers all the research proceeding under the Com- 
mittee during the year, in which the number of research 
workers increased from 650 to 720 (Pp 264 Paris Centre 
National de la Recherche Scientifique, 1963) The m- 
formation on current projects ıs arranged according to 
divisions of science and not institutions and the report 
13 in two parts, the first dealmg with the exact and 
natural sciences, and the second with the human sciences, 
including philosophy There ıs no mdex, but fairly full 
contents pages facilitate reference The whole volume is 
itself too condensed to permit further condensation with- 
out distortion 


VoL 200 


The Lister Institute of Preventive Medicine 


Tux report of the Governmg Body of the Lister Institute 
of Preventive Medicme for the year 1962 meludes a 
summary of the imvestigations made ım 1962 (Pp 33 
London Luister Institute of Preventive Medicme, 1963) 
In microbiology, the Guinness-—Lister Unit continued to 
explore bacterial genetics, manly of the Salmonella 
bacilli. The Trachoma Research Umit contmued its 
epidemiologieal field study in the Gambia of trachoma m 
terms of virus and of bacilli of the Haemophilus group 
and 1s preparmg to test the prophylactic value of a virus 
in the Gambia The immunological study of bacterial 
infections included an analysis of the action of two types 
of protective antibody in mice infected with the whooping 
cough bacillus, the laboratory assay of typhoid vaccines 
and the nature of the protective antigen ın typhoid 
vaccines for human use, the mmuno-pathology of actino- 
mycetic dermatitis of sheep, and the process of refinement 
of antitoxin by proteolysis Work contmued on the 
relation of serum permeability factors to plasma Janmo- 
genases and their respective roles ın vascular reactions to 
injury Biochemical research work agaim concerns the 
blood group substances, meluding definition of the 
chemical heterogeneity of preparations of mucopoly- 
saccharides and of the terminal sugar groups determinmg 
serological specificity, the cellular phospholipids and 
starches A list of publications ıs appended 


The Sarawak Museum 


Voutume 10 of The Sarawak Museum Journal (Nos 
19-20 NS July-December 1962) mamtains the high 
standard of previous issues and, as before, owes much to 
the energy and enthusiasm of 1ts editor, Mr Tom Harris- 
son, who 1s also Government ethnologist and curator of 
the Sarawak Museum The theme for the volume 1s given 
as “Sarawak m a Wider Contaxt’’, and though the editor 
himself ıs the mam contributor, he has mspired many 
others to write a total of thirty papers The first section 
deals chiefly with the classification and typology of local 
archeological material, and this 1s followed by articles 
concerned with neighbouring areas Investigations m the 
development of various resources comprise the third 
section, and the volume of nearly 300 pages closes with a 
few notes on natural story 1 


The Institute of Applied Science of Victoria 


Tx report of activities for the year ended June 30, 1962, 
of the Institute of Apphed Science of Victoria stresses the 
value to-day of the science museum and records sub- 
stantial progress towards buildmg a Ingh-performance 
planetarum (Pp 16 Melbourne Institute of Apphed 
Science of Victoria, 1963) Much concentrated work was 
carried out in the Radiocarbon Dating Laboratory, and 
the erection of a neutron reactor was completed The 
public demand for telescope demonstrations contimued to 
mecrease Besides the opening of a new north-west wng 
m which the settmg up of displays was a major pre- 
occupation, considerable display reorganization was made 
in other galleries 
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A Computer-based Bibliographical 
Publications System 


THE computer-based, bibliographical retrieval and pub- 
lcatıons system now under development at the National 
Library of Medicine and known as ‘Medlars’ 1s described 
man article by S I Tame, which has been reprinted from 
the Bulletin of the Medical Inbary Association (April 
1963), and also more fully ın a brochure, The Medlars 
Story at the National Inbrary of Medicine, issued by the 
US Department of Health, Education and Welfare (Pp 
vu+74 Bethesda, Md United States Department of 
Health, Education and Welfare, 1963) The system will 
become operational early m 1964 and it 1s designed to 
improve the quahty of and enlarge Index Medicus as well 
as reduce the time of preparation, of the monthly edition 
from twenty-two to five days It will mcrease the average 
depth of indexing five-fold and almost double the number 
of articles handled annually, as well as facilitate the 
inclusion of citations from, other sources and from period- 
icals and the efficient servicmg of requests With its 
installation the Library expects to add monographs to 
the list of source material to be mdexed Use of a digital 
computer and_special composing equipment capable of 
providing excellent typographical quality 1s mvolved 


Retrieval and 


Preparations for an International Conference 


MONOGRAPH No 1, issued by the Institute of Lmguists, 
entitled Preparations for an International Conference and 
written by A G Readett, claims, with reason, to be the 
most comprehensive and detailed exposition so far pub- 
lished of the preparatory work required to ensure the 
success of an international conference (Pp 20 London 
Institute of Linguists, 1963 10s 6d) While it covers 
the papers and printing arrangements as well as the con- 
ference sessions, 16 deals more particularly with the 
interpreting and translatmg arrangements, meluding 
equipment and the conference office and its staff Some 
guidance 18 grven. as to costs 


Present and Future of the Fundamentals of Natural 
Philosophy 


Iw the May issue of the Britesh Journal for the Philosophy 
of Science, Mr L L Whyte contributes an article on 
“Some Thoughts on Certamty ın Physical Science”, in 
which he discusses the present and future of the funda- 
mentals of natural philosophy He is particularly con- 
cerned with what is known absolutely and uniquely about 
some basic properties of the universe Such knowledge 1s 
clearly apodictic (that 1s, true of necessity) The theme 
is important m view of the tendency to concentrate on 
uncertainty prmerples m our mathematical thinking 
Without denying the possibilty of surprises, the author 
gives sound reasons for believing that ın certam regions 
‘‘the scope for discovery may be finite”. Organic chemustry 
provides an Ulustration of steady logical progress for about 
a century, geometrical concepts have proved remarkably 
stable By contrast, physics has gone ahead with ever- 
increasing abstraction, farther and farther removed 
apparently from any visual umage m three-dimensional 
Euchdean space The perfect example of something 
established once and for all ıs the existence of the 230 
space-groups, the 32 classes, and the 14 Bravais lattices 
of the crystallographer These facts are coercive on the 
human mind, and the agreement between ‘pure’ mathe- 
matics and observation is unmistakable The velocity of 
hight c m empty space, as an assertion, 1s not wholly 
acceptable, smce c may be found to vary in high external 
magnetic fields Our present comprehension refers largely 
to static configuration future work must take account 
of changes. 


Pleistocene Stratigraphical Chronology of Ceylon 


Dr P E P DERANIYAGALA, director of the National 
Museums in Ceylon, has recently deseribed certam gravel 
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beds which will prove useful m determming some of the 
stages of Ceylon’s Pleistocene cycle of erosion (Spolva 
Zeylanica, 30, Pt 1, 1963) Such a determmation is, 
of course, vital 1f the early archzological developments 
are to be interlocked with the geological sequence The 
short paper ıs entitled “Some Indicators ın the Pleistocene 
Stratigraphical Chronology of Ceylon” with a page of 
illustrations 


Aboriginal Cultural Development in Latin America 


A SYMPOSIUM entitled ‘Relaciones de las Culturas del 
Nuevo Mundo” was held at the thirty-fifth International 
Congress of Americanists in Mexico City ın August 1962, 
and the recently published Proceedings gives, with com- 
mendable promptitude, the revised texts of the papers 
delivered at it (Smthsonian Mscellaneous Collections, 146, 
No 1 Aboriginal Cultural Development ın Latın America 
An Interpretatwe Review Publication 4517 Pp vi+148. 
Washington, DC Smithsonian Institution, 1963) There 
were ten papers, each coveirmg one of the regions mto 
which the area was divided, and an eleventh with the 
title “An Interpretative Overview” Not all of them had 
much to say about the relationships between the areas, 
hence perhaps the alteration ın the pubhshed version of 
the title, and for various reasons, some of them outside 
the control of authors and editors, some were more suc- 
cessful than others m summing up the present state of 
knowledge ın ther own areas, but all had useful thmgs 
to say, and anyone who wants to keep abreast of develop- 
ments in Latin American archeology ought to read the 
book Great credit is due to the editors, Drs B J Meggers 
and C Evans, for organizmg the symposium and co- 
ordmating the work of scholars from nine countries, and 
we owe a further debt to Dr Meggers for her “Overview”, 
which includes a statement of her controversial views on 
the extent and umportance of trans-Pacific relationships, 
with its suggestion of contacts between Japan and 
Ecuador at the surprisingly early date of the first half of 
the third mulennium Bo 


Variations in the Composition of Milk 


Tae milk produced ın the United Kingdom every day 
of the year ıs worth considerably more than £1 milion, 
but the real worth of that milk hes in 1ts nutritive value, 
and that deponds on the amounts of fat, carbohydrate, 
protem, minerals and vitamims it contams Fortunately, 
in recent years thore has at last been an increasing awaro- 
ness of the importance of the non-fatty solids of milk in 
nutrition and particularly of the protem content, with 
the result that schemes have been or are about to be 
introduced in England and Wales, Scotland and Northern 
Ireland whereby milk is, or will be, paid for not only 
according to 1ts amount or its fat content but also accord- 
ing to its content of total solids This should do much 
to maimntam the nutritive value of the United Kingdom’s 
milk supphes at a satisfactouly high level If, however, 
this end is to be achieved, 1b 18 important that farmers with 
cows the milk of which does not attam a desirable 
standard should be given the help and advice they need 
to effect an improvement Leaflet No 131 prepared by 
the Min:stry of Agriculture of Northern Ireland discusses 
briefly but clearly the main factors that are known to 
affect the composition of milk, such as feeding, the 
efficiency of milking and disease, to mention but three of 
them (Varrations an the Composition of Milk Pp 6 
Belfast Miustry of Agriculture, 1963) Helpful advice 
is given on how deficiencies in butter fat content and m 
the content of solids-not-fat can be prevented The 
pamphlet as a whole 1s well arranged and easy to read 
It shouid be a valuable guide to those concerned with 
milk production 


Terminology for Exchange of Gas in the Lungs 


On September 6, a meeting was held at 20 Park Crescent, 
London, W1, by permission of the Medical Research 
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Council, at which an mternational group of mterested 
persons discussed termmology of some aspects of gas 
exchange in the lungs, ın particular the term ‘diffusing 
capacity’ The participants represented Belgium, France, 
Germany, Great Britam. Holland, Scandmavia, Switzer- 
land, and the United States Dı P Hugh-Jones, Depart- 
ment of Medicine, King’s College Hospital Medical 
School, London, was charman When the term ‘diffusing 
capacity’ was origmally proposed, 1t was considered that 
diffusion was the only factor determunimg the rate of 
transfer of gas between alveolar capillary blood and alveo- 
lar gas Itis now known that the rate of reaction between 
carbon monoxide, oxygen and intracellular haemoglobin, 
as well as other factors, affect the transfer'rate In 
addition the diffusing capacity as actually measured 1s 
dependent on additional variables such as the ventilation 
perfusion relationship mn the lungs In the hght of these 
considerations, the majority of those present agreed that 
the term ‘transfer factor’ be substituted for ‘diffusing 
capacity’, but no definite proposal was made that this be 
carried out immediately Persons interested ın this field 
of research and wishing to submit their views should 
write to J E Cotes, Medical Research Council Pneumo- 
coniosis Research Unit, Llandough Hospital, Penarth, 
Glamorgan 


Causes and Treatment of Rheumatic Disease 


During May 29-30, 1962, the Nuffield Foundation 
held a small two-day conference at Ashridge College, at 
which scientists from various biological disciplines dis- 
cussed with rheumatologists the possible nature of funda- 
mental rheumatic processes This exchange of ideas 
between clinical and non-clinical research workers proved 
stimulating, and the Foundation believes that the report 
of the papers and discussion may be of value to other 
people A copy of the report may be obtamed (without 
charge) by writing to the Nuffield Foundation, Nuffield 
Lodge, Regent’s Park, London, N W 1 


International Commission on Zoological Nomenclature 


Notcs 1s hereby given of the possible use by the 
International Commussion on Zoological Nomenclature of 
its plenary powers in connexion with the following cases, 
full details of which will be found in Bulletin of Zoological 
Nomenclature (20, Part 5, to be published on October 21) 
(1) Designation of a type-species for Crassispira Swainson, 
1840 (Gastropoda) ZN (S )459 (2) Vahdation of Alycus 
Koch, 1842 (Acar) Z N (8S) 465 (3) Validation of Natrix 
barbour: Taylor, 1922 (Reptiha) ZN (S)1559 (4) Sup- 
pression of Conus candidus Born, 1778 (Gastropoda) 
Z N (S ) 1567 (5) Suppression of Pleuronectes grohmannt 
Bonaparte, 1837 (Pisces) ZN (S) 1579 (6) Validation 
of, and designation of a type-species for, Diplectrona 
Westwood, 1839 (Insecta, Trichoptera) 2 N (S) 1580 
(7) Validation of Sceloporus torquatus Wiegmann, 1828 
(Reptiha) 2N(S) 1582 (8) Validation of Ortholitha 
Hubner, [1825] (Insecta, Lepidoptera) ZN (S) 1585 
(9) Vahdation of Krohma Langerhans, 1880 (Chaetog- 
natha) ZN (©) 1586 (10) Suppression of nme specific 
names of Holothurioidea ZN (S ) 1587 (11) Suppression 
of Hoscorpwus wnflatus Peach, 1882 (Arachnida) ZN (5 ) 
1588 (12) Vahdation of Prochilodus argenteus Agassiz, 
1829 (Pisces) ZN (S) 1590 (13) Validation of Tinodes 
pusillus McLachlan, 1862 (Insecta, Trichoptera) ZN (S ) 
1592 (14) Rejection of the neotype and type-locality of 
Thamnophis sirtahs (Linnaeus) (Reptaha) Z N (S } 1600 
Any zoologist who wishes to comment on any of the fore- 
going cases should do so m writing to the Secretary, 
International Commission on Zoological Nomenclature, 
c/o British Museum (Natural History), Cromwell Road, 
London, S W 7, before April 21, 1964 


The International Academy of Astronautics 


Dr CuHartes S Drarer (United States) has been 
appointed president of the International Academy of 
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Astronautics m succession to Dr F J Malna Dı 
Draper is head of the Department of Aeronautics and 
Astronautics at the Massachusetts Institute of Technology, 
as well as director of the Institute’s Instrumentation 
Laboratory Prof E A Brun (France), president of the 
International Astronautical Federation, and Prof U § 
von, Euler (Sweden), secretary of the Nobel Prize Commit- 
tee, have been elected vice-presidents The following 
Academicians have been elected to the Board of Tiusteos 
of the International Academy of Astronautics Section 1— 
Basic Sciences, Prof A Ehmert (German Federal Repub- 
le) and Dr D F Martyn (Australia), Section 2—Engineer- 
ing Sciences, Prof J M J Kooy (Holland), Dr F J 
Malma (Umted States) and Prof R Pešek (Czechoslo- 
vakıa), Section 3—Lafe Sciences, D W R Lovelace II 
(United States) and Air Commodore W K Stewart 
(United Kangdom) 


Announcements 


Pror Linus Pave, of the Cahforma Institute of 
Technology, has been awarded the Nobel Peace Prize for 
1962 In 1954 Prof Pauling was awarded the Nobel Prize 
for Chemistry (see Nature, 174, 907, 1954) He is a 
foreign member of the Royal Society 


Tue Right Hon Lord Franks, Provost of Worcester 
College, Oxford, and former chairman of Lloyds Bank, 
and Prof R H S Thompson, professor of chemical 
pathology, Guy’s Hospital Medical School, have been 
appointed additional trustees of the Wellcome Trust 


A LEAFLET, Another Kind of School, has been issued by 
the National Association for Mental Health for parents of 
children who are not accepted for school, describing the 
Junior Traning Centres and other openings and facilities 
available to enable mentally handicapped children to 
make the best use of their abilities (Pp 4 London 
Association for Mental Health, 1963 6d ) 


Tame third Western National Meeting of the American 
Geophysical Union will be held in Boulder, Colorado, 
durmg December 26-28 Further mformation can be 
obtained from W W Kellogg, the Rand Corporation, 
1700 Mam Street, Santa Monica, Califorma 


Tue eighth mternational conference on ‘‘Cosmic Rays”, 
arranged under the jomt auspices of the International 
Union of Pure and Applied Physics and the Department 
of Atomie Energy, Government of India, will be held at 
Jarpur durmg December 2-14 Further mformation can be 
obtained from Dr R R Damel, Tata Institute of Funda- 
mental Research, Colaba, Bombay 5 


Toe National Productivity Year Conference, ‘Pro- 
ductivity m the Next Five Years”, will be held at East- 
bourne durmg November 26-28 The conference 1s bemg 
organized by the Department of Scientific and Industrial 
Research and its aim is “to compare notes, to discuss 
future action and to provide a guide for firms and organ- 
izations m every sector of our workmg hfe? Further 
information can be obtamed from the Secretary, British 
Productivity Council, Vintry House, Queen Street Place, 
London, EC 4. 


A ONE-DAY course on ‘Aspects of Microbiology and 
Plant Protection” will be held by the Jomt Biology Com- 
mittee at the William Beveridge Hall, Senate House. 
London, WC1, on November 16 The programme will 
melude ‘Microbiology of the Arr’, by Dr P H Gregory, 
“The Migration and Dispersal of Aphids and the Dıs- 
semination of Plant Viruses’, by Dr © G Johnson, 
“Some Chemical Aspects of Crop Protection”, by Prof 
R L Wain, “Modern Methods of Plant Protection and 
the Conservation of Wildlife’, by Dr N W Moore 
Further mformation and tickets can be obtamed from 
the Jomt Biology Committee, c/o the Association of 
Agriculture, 78 Buckingham Gate, London, 8 W 1 
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SCIENCE VERSUS TECHNOLOGY: THE BATTLE FOR BRAINS 
By Pror P. V. DANCKWERTS 


Department of Chemical Engineering, University of Cambridge 


a ke general picture presented ın this country, then, 
is Of science sixth formers who divide the world 
only rather hazily into ‘scientists’ and ‘technologists’ and 
who attrbute a quite exceptional position and prestige 
to doctors Scientists, they believe, are educated at 
universities and go on, if they are lucky, to ‘do research’. 
research ıs glamorous, ‘interesting’, leading always to 
exciting new discoveries, 18 not really ‘work’, and may 
well make you famous Technologists, on the other hand, 
are educated at technical colleges, have low social prestige, 
are less inteligent and less well paid than scientists, and 
their work 13 often ‘bormg’ The authors have been at 
some pains to identify what a boy means by saying that a 
job would be ‘interesting’ or ‘boring’ (the two maim reasons 
for choice) and have come to the conclusion that m most 
cases the terms are simply ‘grunts’ of approval or disap- 
proval and are probably related to the subject’s degree of 
ignorance of the job concerned ” 

This paragraph 1s the crucial finding of a survey made 
by the Oxford University Department of Education! into 
the attitude of sixth-form scientists towards engineermg 
and technology The survey was based on the analysis 
of Advanced Level of the General Certificate of Education 
qualifications of university entrants, questionnaires com- 
pleted by 1,400 schoolboys, and interviews m schools 

Those of us who are concerned with technological 
teaching already knew most of what the survey reveals, but 
there 1s great value in the publication of a certified, 
quantitative statement of the situation The evidence 
supports the assumption that boys m Britam tend to 
enter Ingher technological education only when they 
cannot get a place in faculties of pure science Applied 
science does not attract a fair proportion of the first-rate 
because of the ‘public mage’ of the two careers current 
among schoolboys—an image based on a “quite unusual 
degree of ignorance about the nature of technology, of 
scientific research and of the courses open to science sixth- 
formers m higher education” 

If we assume that more of the able boys should in fact 
go on to the study of technology, one of the first require- 
ments must be to alleviate this ignorance Even factual 
information may not redress the balance, however, because 
of the hazy glamour with which science 1s invested in the 
boys’ mmds_ It seems as though ıt may be necessary to 
‘glamorize’ engineermg and technology m competition 
How far we have come since the days when Samuel Smiles’ 
Lwes of the Engineers was eagerly read by ambitious 
boys ! 

On the level of factual information} many attempts are 
bemg made to inform schoolboys and their masters about 
the true nature of the technologies as professions and 
subjects for higher education One hopes that the Oxford 
Education Department’s survey itself will be widely read 
m schools, and that the Department’s hand-book on engm- 
eermg courses at the universities will be studied by head- 
masters, careers masters and science masters Engineering 
institutions and mdustrial concerns have taken pains to 
distribute lterature to schools, to provide lectures, con- 
ferences and visits to university engmeermg departments 
and to industry The Duke of Edmburgh has made the 
point m an address to the Association for Science Educa- 
tion? on April 26 At least two films have been made m 
an attempt to glamorize engineering as a university and 
professional career There is a scheme afoot at Cambridge 


to invite science masters to spend a term at the University 
to learn about the work of the technological departments 

In a recent issue of Education®, Prof J 'T Allanson has 
trenchant comments to make on the general misconcep- 
tions among school-teachers and the general public about 
the nature of engmeermg Referrmg to its creative 
character, he says “Just as the panter ıs judged by his 
pamtings and not by his writings on esthetics, so the 
engimeer 18 finally judged by what he makes The making 
involves him m the social sciences and m relations with 
other human bemgs It 1s not possible for a good engineer 
to be a ‘back-room boy’, nor can he beheve m that curious 
battle between the ‘two cultures’ invented by Sir Charles 
Snow He must make an engineering unity of the physical 
and social sciences by the kind of intellectual and moral 
effort supposedly characteristic of the man who reads 
‘Greats’ With ths he must mtegrate mmagination and 
personal drive, for he 1s not a scholar but a doer, and the 
more visionary and far-reaching his ideas the greater must 
be his struggle to achieve them agaist the conservatism 
of the orthodox” 

Prof Allanson suggests that more engineers should 
become school-teachers He points out, too, that m the 
nature of things few science masters have an opportunity 
to practise science between graduating and beginning to 
teach, and that they are hkely to be unaware of the type 
of work actually done by professional scientists—let alone 
that done by engmeers 

All these attempts to mform and to mfluence school- 
boys and schoolmasters are no doubt having an effect, 
and yet they seem to make only a mmor impression on 
the problem Schoolboys, schoolmasters, the public as a 
whole—even. scientists—are all, in fact, under the powerful 
influence of the mythology of pure science Many pure 
scientists would share the schoolboys’ views about science 
and technology, expressed in the first paragraph (except 
that they would have less respect for doctors and would 
know—perhaps regret-—-that technological subjects are 
taught in universities) The highest objective of university 
science departments is to turn out pure scientists, of 
whom. the best will m turn get jobs m universities Pure 
research ıs held to be the supremely worth-while occupa- 
tion The actual or potential applications of science do 
not play a perceptible part ın undergraduate science 
courses, with the result that a school chemistry master, 
for example, will have learned next to nothing at his 
university about the chemical industry, and nothing at 
all about chemical engineering 

The British system ensures not only that the ablest 
sixth-form scientists take up science rather than tech- 
nology at the university, but that the ablest university 
science students want to take up university or pure 
research jobs The result is well known—too few of our 
best scientists gomg mto mdustry, pressure for more 
money to be spent on pure scientific research than the 
country can afford, an exodus to the Umited States 
of a surplus of able young scientists who have been 
brought up in the tradition of pure science and are not 
assimilated into our economy As the Duke of Edin- 
burgh remarked, the engmeer ıs the means by which we 
are all able to enjoy the fruits of science We are not in 
fact fully enjoymg the fruts of our science, and we shall 
not do so unless moré of our able mmds are turned 
towards technology during their formative period To 
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leave ıt until after graduation (as sometimes suggested) 1s 
too late. 

It ıs worth considermg whether courses in ‘engineermg 
scienco’ should form part of every undergraduate science 
syllabus Such courses (f well taught) might serve to 
hght a spark of positive mterest m the applications of 
science and to mitigate the excessively genteel attitude 
of graduate scientists towards technology At the same 
time much-increased opportunities and encouragement 
might be provided for changing over from science to 
technology in the course of a university career, this might 
come to be regarded as a normal route nto technological 
studies The problem of channelling talent mto technology 
would thereby be partly removed from the schools to the 
universities, where the case for technology can be properly 
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put and the student may be expected to take a more 
mature and realistic view 

However, both pure science departments and technolo- 
gical departments might find difficulties associated with 
changes of the kind suggested Indeed, radical changes 
of any kind are for many reasons difficult to introduce to 
established universities Perhaps there 1s an opportunity 
here for the new universities to give the rest of us a lead 
by breaking down the barriers between science and 
technology This seems to offer the best chance of balanc- 
ing our scientific economy and restoring the status of the 
technologist to a healthy level. 


1 Technology and the Stath Form Boy, Oxf Univ Dep “Education, 1963 See 
also Nature, 199, 958 (1963) - 

? Assoc Sel Educ , 52 Bateman Street, Cambridge, 1963 

> Education, 1045 (May 24, 1963) 


RADIO STAR AND SATELLITE SCINTILLATIONS 


Dora August 19-20 a conference was held at the 
Physics Department of the University of Adelaide 
on the subject of ‘“Radio Star and Satellite Scintillations” 
The conference was held under the auspices of the Austra- 
lan Institute of Physics (South Australian Division) 

The conference opened with a survey by Dr B H 
Briggs (University of Adelaide), who showed how irregu- 
larities ın the ionosphere could be detected by various 
methods, all concerned with effects on radio waves In 
the case of the F region, these methods include radio star 
scintillations, fluctuations of radio waves received from 
satellites, spread echoes observed in ionosphere soundings 
(spread-F), and radar back-scatter usimg frequencies 
around 20 Mc/s These phenomena are found to be corre- 
lated, which suggests that they are all due to the same 
irregularities ın the 1onization of the F region There 1s 
good evidence that the 1rregularities are elongated, and 
‘field aligned’, so that ther longer dimension hes along 
the direction of the Harth’s magnetic field They occur 
at heights from 200 km upwards, recent ‘topside sound- 
ings’ by the Alouette satellite (Nature, 197, 636, 1963) 
show that on some occasions they exist at heights up to 
at least 1,000 km 

When radio stars are observed at low angles of elevation, 
irregularities lower down, in the E region, are found to be 
important This might be expected, since the increase m 
thickness along the Ime of sight 1s greater for a layer of 
regularities at a low height than for a layer at a great 
height, so that irregularities low down become relatively 
more important Irregularities ın the Æ region and below 
can also be detected by several other methods, including 
the fading of reflected waves, observations of ‘sporadic E’ 
echoes on 1onograms, and the investigation of weak irregu- 
larities below the Æ region by the scattering of radio 
waves at obhque or vertical inerdence A remarkable 
feature of the irregularities revealed by the latter technique 
1s their tendency to occur ın stratified layers with a vertical 
separation of 10 km 

After discussing these experimental observations, Dr 
Briggs turned to the vexed question of the origin of the 
uregularities In the E region and below it 1s generally 
agreed that the uregularities are due to irregular air 
motions, though the relative smportance of turbulence, 
random wave motions, and vertical shears m the hori- 
zontal wind ıs still uncertam Hugher up, in the F region, 
these motions are damped out due to.the high kmematic 
viscosity, and other mechanisms must be found The 
irregularities ın the F region do, indeed, seem to be a 
separate phenomenon, as 1s shown by their large mtensity 
(deviations of electron density of + 50 per cent are 
common) and thew tendency to occur mainly at night 
Two early theories, which accounted in a simple way for 
the occurrence at night, were the accretion theory and the 


atmospheric tail theory In the former the irregularities 
were thought to be produced by material falling into the 
Sun by gravitational attraction, and intercepted by the 
Earth. In the latter an atmospheric ‘tail’ was postulated, 
pointing away from the Sun and produced either by radia- 
tion pressure or the effect of the solar wind Later theories 
have attributed the irregularities to hydromagnetic waves 
entermg the atmosphere, to particle streams associated 
with the Van Allen belts or the aurora, to instability of an 
ionospheric layer moving vertically under the action of 
an electrodynamic drift, and to irregular electric fields 
produced lower downn the E region Dr Briggs suggested 
that the obsezvations should, where possible, be discussed 
in relation to these theories, in order to attempt to 
elimmate some of them 

Dr J W Warwick (University of Colorado and High 
Altitude Observatory, Boulder, Colorado) then described 
observations of radio star scintillations obtamed with 
a swept-frequency interferometer ‘These observations 
showed that amplitude semtillations had a similar form 
over the range 7-41 Mc/s Also, fluctuations in position 
of the source could be determined and these often showed 
systematic trends as a function of frequency Dr Warwick 
showed that these could be explamed by geometrical 
optics 1f a succession of ‘lenses’, focusing approximately 
at giound-level, were assumed to exist in the ionosphere 
On some occasions the observations could be explained in 
terms of a wave-like structure moving with a velocity of 
about 50 m/sec 

Miss E M. Matthew (University of Queensland) 
described some observations of radar echoes from field- 
aligned irregularities in the F region made at Brisbane 
The echoes were related to variations in the outer Van 
Allen belt and to various 1onogram anomalies The 
northward speed of patches of irregularities could be 
observed, and a sudden increase of speed was interpreted 
as arising from some form of impact on the magnetosphere 

Dr G G Bowman (University of Queensland) described 
investigations of the occurrence of spread-F echoes at 
mid-latitude stations, and these seem to show that 
spread-J* is most prevalent when the air density m the 
upper F region ıs low Dr B H Briggs (University of 
Adelaide) deseribed observations of radio star seintillations 
and spread-F echoes made in England At sunspot 
maximum the irregularities increase ın intensity but 
occur mainly above the level of maximum ionization of 
the F region and do not, therefore, produce spread-F 
echoes on 1onograms Thus the opposite trends of scintil- 
lation occurrence and spread-J” occurrence with the solar 
cycle can be reconciled The results appear to conflet 
with the ‘instabihty’ theory of Dr D F Martyn, accord- 
ing to which irregularities would form maimly on the 
underside of the F region 
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Dr J D Whitehead (Univeisity of Queensland) then 
gave a critical survey of the theories of formation of 
regularities m the F region He pointed out that, for 
hydromagnetic waves, the percentage fluctuation of 
electron density is equal to the percentage fluctuation of 
magnetic field, and this appears to demand unreasonably 
large amplitudes for the waves The instability theory 
was criticized on the grounds that the observed vertical 
motions of the F region were not those required by the 
theory Dr Whitehead suggested that the irregularities 
were produced either: by air movements associated with 
internal gravity waves, or by irregular electric fields, and 
the theories of formation of irregularities by these mechan- 
isms were considered Dr Whitehead stressed the need 
for more detailed measurements of the sizes and shapes of 
the uregularities so that the predictions of the theories 
could be tested 

On the second day of the conference, satellite scmtuil- 
lations were discussed Unlike a radio star, a satellite 
sweeps rapidly across the sky from horizon to horizon, 
and so the method is particularly valuable for examining 
the geographical distribution of irregularities, especially 
if observations from several stations are combmed Dr 
G H Munro (Radio Research Board, Sydney) described 
observations of this type, ın which transmissions on 
20 Mc/s from the satellites Nora Alice I and II were used 
The results showed that mwregularities tend to occur in 
patches which become more frequent, and larger, at bigher 
latitudes The patches appear to be elongated east-west 
and may stretch in this direction for 1,000 miles or more 
From measurements of the times of onset of scintillations 
at spaced stations the heights of the patches may also be 
determined 

Mr. I A Parkin (University of Adelaide) discussed the 
theory of the diffraction process which links the irregu- 
larities in the 1onosphere to the pattern of amplitude and 
phase which ıs observed over the ground He considered 
both a source at infimty and at a finite distance If 
detailed deductions about the sizes and shapes of the 
iwregularities are to be made, ıb ıs necessary to use 
frequencies such that the fluctuation of phase across the 
emerging wavefront ıs less than one radian It ıs then 

. possible to relate the auto-correlation function of ampli- 
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tude measured on the ground to the auto-correlation 
function of the irregular medium Mr Parkin also pointed 
out that at a given distance from the irregularities certain 
Fourier components should be absent m the amplitude 
pattern, and so measurements of the power spectrum of 
the pattern may enable the height of the irregularities to 
be determined Some discussion of the relation between 
the diffraction approach and the method of geometrical 
optics followed Mr Parkin’s paper, and 1t was agreed that 
in principle the diffraction method ıs always vahd, but in 
practice it 1s most useful when the phase deviation 18 
small, while the method of geometrical optics 18 useful 
when the phase deviation is large 

Attention then turned to irregularities at lower heights 
Dr R G Roper (University of Adelaide) described 
measurements of winds and turbulence in the height range 
70-110 km, and Dr J D Whitehead (University of 
Queensland) discussed the formation of sporadic E which, 
at temperate latitudes, he considered to be produced by 
vertical shears in the horizontal wind However, the 
irregular wind shears deseribed by Dr Roper had the 
greatest magnitude at the equinoxes, and this does not 
agree with the occurrence of sporadic E, which 1s most 
prevalent in summer Dr Whitehead also discussed the 
formation of equatorial sporadic #, which he suggested 
was due to irregularities formed by sound waves 

The conference concluded with two papers of a more 
technical nature Dr L H Heisler (Radio Research 
Board, Sydney) deseribed equipment for the mvestigation 
of the variation with frequency of the amplitude of radio 
waves reflected from the ionosphere, and Dr J D 
Whitehead (University of Queensland) deseribed a 
proposed method for measuring with increased precision 
the virtual height of reflexion 

Durmg the conference the opportunity was taken to 
discuss observations of the forthcoming S66 Beacon 
satellite which are being planned in Australia and New 
Zealand The general feeling was that much more work 
needs to be done before the mode of formation of iono- 
spheric irregularities is properly understood, and that 
intensive observations using the Beacon satellite are likely 
to make a valuable contribution towards this end 

B H Briees 


OXIDATIVE PHOSPHORYLATION AND RELATED PROCESSES 


HE Medical Sciences Club of South Australa and the 
Australan Biochemical Society (South Austrahan 
Branch) held a symposium on “Oxidative Phosphorylation 
and Related Processes’’ in the Biochemistry Department, 
University of Adelaide, durmg June 14-15 
Prof E C Slater (Amsterdam) opened the symposium 
with a review of present-day theories on the formation of 
adenosine triphosphate in mitochondria He contrasted. 
Mitchell’s theory that this process is the reversal of 
hydrolysis of adenosine triphosphate by an anisotropic 
adenosine triphosphatase to the more widely accepted 
view that adenosine triphosphate 1s produced by reactions 
involving a number of specrfic intermediates formed at 
several different ‘sites’ in the sequence of oxidation- 
reduction catalysts m mitochondria Much of the evidence 
for such intermediates has been obtamed m experiments 
with ohgomyem, which prevents formation of adenosme 
triphosphate but does not mhibit other reactions such as 
the reduction of nicotanamide-adenine dimucleotide by 
sucemate, for thermodynamic reasons, this reduction 
must be coupled to exergome processes such as the decom- 
position of compounds lke the proposed mtermediates 
However, these investigations do not allow a final choice 
between Mitchell’s theory and that preferred by Slater 
Chance and others involvimg specific intermediates of the 
type often formulated as A~C It was pomted out m 


discussion that the existence of adenosine triphosphate 
and adenosme diphosphate in a region of the mitochon- 
dron not accessible to ochgomycm would mvalidate certam 
conclusions drawn from experiments with this inhibitor 

Prof J S Sturtevant (Yale) described kinetic 
investigations of the mteraction of cytochrome b, (the 
L(+ )-lactate dehydrogenase of yeast) with lactate and 
ferricyamde Using a stopped-flow spectrophotometer at 
a number of wave-lengths, evidence was obtamed which 
indicated a preliminary reduction of flavin mononucleo- 
tide, an mntra-molecular transfer of electrons to protohem, 
and interaction of both prosthetic groups of this flavo- 
hemoprotem with ferricyanide The results support 
earher suggestions by Morton, who found equimolar 
quantities of these prosthetic groups in the enzyme and 
proposed a mechanism mvolving intra-molecular transfer 
of electrons from flavm to hem The need to find if 
cytochrome b, ıs a constituent of yeast mitochondria was 
considered ın the general discussion following these papers 
Clearly a single flavohemoprotem 1s a potential model for 
the more complex flavi-hem systems of the whole 
mitochondrion 

Dr M R Atkinson (Adelaide) reviewed recent evidence 
for phosphorylated and unphosphorylated mtermediates 
of oxidative phosphorylation and deseribed electrophoretic 
investigations (with urea-starch gels or on paper after 
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tryptic hydrolysis) of the radioactive products obtained 
on exposure of mitochondria and mitochondrial extracts 
to radioactive orthophosphate He proposed a model for 
adenosine triphosphate synthesis ın a concerted reaction 
with adenosine diphosphate, orthophosphate and an 
activated derivative of cytochrome c formed through 
acylation of the histidyl residue on the hem iron by the 
adjacent glutamyl side-chain 

Dr A M Snoswell (New South Wales) described experi- 
ments m which reduction of nicotinamide-adenime dinu- 
cleotide by succmate m mitochondria from rabbit heart was 
coupled to electron transfer from succinate or from tetra- 
methylphenylenediamine to oxygen through cytochrome 
c and cytochrome oxidase The resistance of the coupled 
reductions to oligomyem was mterpreted as evidence for 
activated intermediates other than adenosine triphosphate, 
which permit reduction of nicotmamude-adenie dinucleo- 
tide by compounds of higher oxidation-reduction potential 
Dr M L But (Melbourne) described related experiments 
with hver mitochondria prepared in a Krebs buffer m 
which reduction of the co-enzyme by succinate was 
mbhibited by dinitrophenol but was not entirely mhibrted 
by anaerobic conditions or by antimyem A and amytal 
The relative umportance of reduction through enzymes 
such as malate dehydrogenase and reduction of co- 
enzyme through reversal of the respiratory chain was 
discussed, 

Prof R N Robertson (Adelaide) reviewed recent 
investigations of the relationship of oxidative phos- 
phorylation to the active transport of ions against an 
electrochemical gradient Active transport need not be 
coupled to hydrolysis of adenosine triphosphate, but 
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transport of ions or phosphorylation of adenosme diphos- 
phate may be alternative consequences of the oxidative 
generation of compounds of the A ~ B type or the oxidative 
separation of positive and negative charge, as envisaged. 
by Mitchel Dr J Charnock (Adelaide) described experi- 
ments on an adenosine triphosphatase from the microsomal 
fraction of kidney, this enzyme requires sodium and 
potassium ions for full activity and is mhibited by ouabam 
Dr Charnock discussed the evidence that a phospho- 
protein mmtermediate 1s mvolved m the action of the 
enzyme and that the phosphoprotem might carry cations 
across membranes Dr B Hetzel (Adelaide) discussed the 
uncoupling of oxidative phosphorylation by thyroxine and 
truodothyronine and reviewed evidence that this process 
was mvolved m the physiological action of these com- 
pounds 

In his concluding remarks, Prof R K Morton 
(Adelaide), who arranged the meetmg, emphasized the 
need for caution in mterpreting the results of mvestigations 
with phosphorylated compounds derived from mito- 
chondria, these might differ from the true mtermediates, 
just as the isolation of phosphorylated enzymes does not 
prove the mvolvement of these compounds in enzymatic 
phosphoryl transfer 

The cryptic nature of many pubhcations on oxidative 
phosphorylatzon caused much good-humoured but frustra- 
ted comment, and most participants looked forward to 
the publication of experimental details which will permit 
more detailed exammation of many recent clams m this 
remarkably active field of scientific mvestigation 

M R ATKINSON 
[The late] R K Morton 
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ORGANIC MATTER AND SOIL PRODUCTIVITY s 


T has commonly been accepted that farmyard manure 
1s desirable or even essential to mamtain or improve 
soul fertility, because it exerts a beneficial effect on the 
physical condition of practically all mmeral soils and 
steadily supphes plant nutrients as ıt decomposes Market 
gardeners have reed on stable and byre manures from 
the nearest towns and farmers m arable areas have kept 
cattle over winter to provide manure for:the potato and 
100t crops in the rotation Most growers in fact have been 
so convinced of the value of regular additions of orgamic 
waste material to the soil that, m face of declnimg supphes 
of farmyard manure, they have adopted various methods 
of green manurmg or of composting or even of bringmg 
in peat In effect, a normal dressmg of 10-15 tons of 
farmyard manure amounts to some 2 tons of organic 
matter per acre or 02 per cent m the top 9 im of soll 
This amount is barely measurable by sampling and 
analysis Jt ıs substantially the same as the annual leaf 
hitter ın woodland, 161s not much more than the amount 
in the stubble and roots of a cereal crop, 1b 18 much less 
than what 1s mcorporated in the soil by ploughing m grass 
turf Nevertheless, there remams the conviction that on 
many types of soul fresh organic matter confers a benefit 
that 1s not obtamed from plant nutrients alone 
It is practically unpossible to make a strict comparison 
of organic manures with inorganic fertilizers simce the 
former contain nutrients that become available to the 
plant over a more or less prolonged period and, at the 
same time, modify the soil m a manner that affects all 
the factors like eration, water movement and biologmeal 
activity that play a part in crop development There ıs 
undoubtedly evidence that the crop responses to the total 
nutnents in farmyard manure are very much less than 
those obtained from the same amounts of nutrients 
apphed as soluble fertilizers There have also been recent 
assessments from field experiments which mdicate that 
the merit of farmyard manure is to be attributed almost 


solely to 1ts nutrient content But the fact remains that 
on some sous 1t 1s not possible to produce maximum 
crops, with or without fertilzers, unless farmyard manure 
has been used It ıs not surprismg, therefore, that 
mvestigators have been searching for more precise 
information on the effects of additions of organic matter 
to the sol Is it possible, for example, that organic 
matter may affect the availability of nutrients to the 
plant, or may produce derivatives that mfluence plant 
growth either directly, through absorption by the roots, 
or indirectly, by controlling the incidence of disease? 
These matters are the subject of a well-documented 
review by D C Whitehead entitled “Some Aspects of the 
Influence of Organic Matter on Soil Fertility” m a recent 
issue of Sods and Fertilizers (26, No 4, Commonwealth 
Bureau of Souls, 1963) He discusses the question of soul 
nitrogen released from organic residues or fixed by sym- 
biotic or free-hming organisms, of the ability of organic 
acids to release insoluble forms of phosphorus and potas- 
sium, and certain trace elements, from the soil particles 
He also directs attention to the absorption by the roots of 
organic molecules that could influence plant metabolism— 
this covers such substances as amino-acids, vitamins, 
phenolic compounds and auxins-—-and to the ability of 
organic matter to favour saprophytic organisms rather 
than parasitic, there are also various decomposition 
products that are toxic to fungi There 18 much contra- 
dictory evidence and obviously a need for further work to 
establish the significance of these compounds They are 
known to be produced, but the quantities concerned and 
the probable mteractions are still largely speculative 
Closely related to this review is an article on “The 
Biological Nature of Soul Productivity”, by G V Jacks 
(26, No 3, 1963) This 1s designed to show how fertility 
is dependent on bio-physical rather than on physico- 
chemical changes ın the soil It ıs the action of plants 
that converts radiant energy into energy for anmals and 
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organisms, which m turn produce a structure out 
tureless material. The cementing together of 
ual soil particles to form aggregates is essentially a 
co-chemical process, but the building of the aggre- 
into a stable granular structure is dependent on the 
y of living organisms. The agencies are varied and 
de organic acids and polysaccharides, bacterial gums 
fungal hyphe and mycelia, all stages in the decom- 
ion of organic residues. There is also the action of plant 
in binding soil particles and giving rise to a porous 
b, and of earthworms in not only producing casts of 
1eral-organie aggregates but also of making channels for 
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TZ VER since petroleum became a world wide com- 
a mercial proposition and the industry thus firmly 
established, the phenomenal and rapid developments of 
_. the world’s oilfields with concomitant expansion of pro- 
duction, especially in the United States since the turn of 
the century, have periodically posed these questions: 
— > How long will oil resources last, is production outstripping 
supply? Economists, perhaps even more vociferous than 
technologists, have from time to time uttered dire warn- 
ings that the day may come when oil will become scarce; 
that other sources of fuel and energy must be harnessed 
` ` to make up any deficiences in supply. For example, 
there was a memorable occasion in 1923 when it was 
thought that the United States had passed peak produc- 
tion; thenceforward a downward trend was predicted, with 
| some 15-20 years ahead before calamity overtook the 
industry. In 1925 I myself stated: “Petroleum pro- 
-duction has hitherto been, still is, and for some time is 
likely to be entirely dominated by the output from the 
_ United States. With the average figure of 15 per cent as 
representative of the rest of the world’s contribution to 
total production, we have probably not got a real assess- 
ment of the potentialities of other countries, since their 
- economic activities must largely be subservient to the 
o greater influence. In other words, it is quite conceivable 
that in the event of material decline in United States 
_. output, more could be made good by external oil pro- 
_. duction than appears at first glance. Factors tending to 
| this end include increased geological exploration, increased 
production from shut-in reserves, and.a higher technique 
In petroleum engineering”. “The possibilities of the world’s 
“peak’ of production of oil having been passed in 1923 
have been shown to be open to considerable doubt” 
(Mi ining Magazine, November 1925). 
_ Subsequent events have more than justified that opinion 
‘and the present position is adequate answer to pessimistic 
prophecies of the years between. It is a fact that one- 
rd of the world’s proved reserves of petroleum to-day 
lds that were literally unk 
nagined, before 1950. This fact, its significance and 
ame “How Much Oil” are the substance of an article 
: M. J. Rathbone, chairman of the Standard Oil Co. 
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æration and water iio semen: Indeed a much of the organic 
matter in the soil consists of excrement. from. soil fauna. 
The soil medium becomes, therefore, a climax 3) 
of plant and fauna with a definite level of produc: iby. 
This productivity can be enhanced by man, through the 
physical and chemical modifications brought about. by 
cultivation and manuring; but it can also be reduced by 
destroying the environment. built by na 
It is possible to grow healthy plants with 
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RESOURCES OF PETROLEUM: HOW MUCH OIL? 


(New Jersey), in a recent issue of the house-journal, The 
Lamp (45, No. 2; 1963). Therein he speaks with authority. 
and makes some cogent comments on the present: world 
oil situation. A nice distinction is rightly drawn between — 
‘reserves’ and ‘resources’, two words often loosely applied 
and economically misleading out of proper context. He 
comments, “If you read that the world’s proved ‘ou 
reserves are estimated at 300 billion barrels, that oil is 
being consumed at the rate of nearly 9 billion barrels a 
year, and that this rate of consumption will probably l 
double by 1980—you may well wonder how soon we will 
reach the bottom of the barrel . . . that figure of 300 
billion barrels of ‘proved reserves’. . . is one of our most. 
misunderstood statistics. It does not measure the world’s 
true oil resources at all. It is no more than an estimate 
of the oil we can obtain from fields already discovered, 
using present recovery techniques. Despite rising world _ 
consumption rates, ‘proved reserve’ figures go up every 
year”. The fact is that petroleum to-day is being dis- 
covered faster than it can be used. More oil is being 
obtained from old fields, new ‘fields are being proved 
simultaneously. Submarine oilfields, often in extension of 
known continental developments, have to be reckoned 
with. One example is the shelf region off the Louisiana 
coast, opened to exploration only last year and, according 
to Mr. Rathbone, now proved to contain billions of barrels 
of oil. Another case he cites is that of Libya, where six 
years ago there were no known oil reserves, but to-day 
considered to be a major source of supply. 

Thus, reserves are proved on a very large soale. Re- a 
sources, that is, extensive land-areas of the world poten- nran 
tially oil-bearing but as yet untouched by the drill, 
remain to be explored quite apart from under-water 
researches. In view of the drastic readjustment of our 
ideas concerning geographical distribution of favourable — 
oil-pool structures, occasioned by the discoveries of the 
past decade, the location of oil and gas-field: ic 
where twenty or thirty years ago no hop 
entertained, then we may agree with Mr.. 
contention that“... we nave: solid a grocs] forr 
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tions have shown that this protein p > 
aberrant synthetic portion. of y- -globulins Edelman and 
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Gally? have presented evidence that L-chains obtained by 
reductive cleavage of 7 S myeloma globulins are closely 
related to, if not identical with, the Bence Jones protein 
from the same individual. These i-chains have a molecular 
weight of approximately 20,000, and these authors postu- 
late that the usual 3-5 S Bence Jones protein exists as a 
dimer of t-chains. Although most Bence Jones proteins 
have sedimentation coefficients of 3-5 S, some do occur 
naturally as 1:8-25 S units*, and earlier work by Putnam 
and Stelos showed that 35 S Bence Jones proteins 





Fig. 1. Ultracentrifuge diagrams of monomer and dimer in 0-15 M 

sodium chloride, 20° C, 59,780 rpm. Above, dimer; below, monomer. 

In each ease the pictures were taken 64 and 128 min after start of run. 

The arrow shows the direction of migration; the tail of the arrow indi- 
cates the meniscus 





Fig. 2. Starch gel clectrophoresis at pH 865, discontinuous buffer 
system, of normal human serum (1+8), original Bence Jones (4g) 
247), dimer (3 +4), and monomer (5+ 6) 





Fig. 3. Ouchterlony double diffusion in agar. The top left well in each 

triangle is monomer, and the top right wellis dimer. The rabbit antisera 

are auti-normal human y-globulin (left), anti-type I Bence Jones protein 

(centre), and anti-type I macroglobulin (right). The reactions are those 

of identity except that the monomer has precipitated closer to the 

antiserum well in each case, The same reaction was given by specific 
antisera prepared against the monomer 
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Fig. 4. Maps of tryptic peptides of dimer (above) and monomer (below). 

The samples were chromatographed for 20 h in butanol/acetic acid/water 

(4:1: 8) and St descr e as ae pyridine/acetic acid/water 
: 7 289) 


dissociate into smaller components at pH 4 (ref. 7). In 
the present investigation, the existence of polymerism in 
several Bence Jones proteins has been demonstrated. The 
results are illustrated by a description of chemically and 
antigenically identical monomer and dimer forms of one 
such protein, 

This Bence Jones protein was obtained by ammonium 
sulphate precipitation from the urine of a myeloma 
patient (Ag). Although more than 90 per cent homogen- 
eous in Tiselius electrophoresis, this protein showed 
characteristic multiple [banding in vertical starch-gel 
electrophoresis with a discontmuous buffer system of pH 
8-65. It was chromatographed on the Beckman Model 130 
Spectrochrom, using DEAE ‘Sephadex (A-50)’ with 
starting buffer pH 8-0, 0-02 M potassium phosphate and 
limiting buffer pH 8-0, 0-02 M potassium phosphate—1-0 M 
sodium chloride. Fractions so obtained were further 
chromatographed on ‘Sephadex G-100’. A number of 
components were isolated, each of which migrated largely 
as a single band in starch-gel electrophoresis. 

Two of the isolated fractions which were obtained in 
appreciable amounts had sedimentation coefficients in 
saline of 3-6 S and 2-4 S respectively (Fig. 1). The two 
fractions differed in starch-gel mobility (Fig. 2), but were 
identical by immunological testing (Fig. 3), peptide 
mapping (Fig. 4), and thermal solubility curves. Total 
amino-acid analyses (Table 1) were virtually identical. 
Significantly, methionine, an amino-acid often absent in 
Bence Jones proteins, was present as one mole per 21,900 g 
of the smaller protein, and as two moles per 42,400 of the 
larger. Half-cystine was present as four residues per 
monomer. There are 12 lysine and 6 arginine residues 
present in the monomer. From the known specificity of 
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" AMaNo-acrn COMPOSITION OF MONOMER AND DIMER 
k Amino-actd residue/100 g 


903 


No. residues/22,000 g 


~ Monomer Dimer Monomer Dimer 
7-06 7-58 120 18-6 

1°69 1-90 271 305 

4-H 4°38 5-69 617 
9-58 51 18-3 18-2 
7-82 770 17-0 16-8 
8-00 8-06 22-7 22-6 
14-65 14-45 25°0 247 
£74 4-57 10-7 10-4 
3-18 3:10 12-2 12-0 
3°58 3°80 11-1 Tiel 

1-99 174 43 375 
56 28 12:3 TE? 

60 0-62 1-00 1-04 

4-08 4°17 7-08 8-10 
706 712 13-7 13-8 

. . 9-23 O09 

; 8 36 8-25 































































ier r been reported’. 
urther proof of dimerization was established by the 
ilinear concentration dependence of S, w exhibited by 
monomer, analogous to the behaviour of a-chymotryp- 
sinogen®. Fig. 5 contrasts the concentration dependence 


Bence: Jones protein (Sh) of antigenic type Hl. In our 
experience all Bence Jones proteins having an 8w of 
2-5-3 8 at neutral pH have been of antigenic type I, but 
< itis premature to conclude that this type dissociates more 
T readily than type IT. 
__. These findings give further evidence that the usual 3-5 S 
Bence Jones proteins exist. as dimers of two identical 
polypeptide chains which have molecular weights of 
approximately 22,000. It makes more plausible the 
presence of a 22,000 molecular weight Bence Jones- -like 
polypeptide chain in the papain-produced 3-5 S ‘slow’ (8) 
_ fragment of myeloma globulin, about half of which appears 
-to consist of Bence Jones protein by peptide mapping. At 
-least two analogous (Bence J ones-like) polypeptide chains 
must occur in normal human y-globulin though, to be sure, 








i AN R of the sequelæ of partial ischaemia by 
the intra-arterial injection of particulate suspensions 
me charcoal in the nutrient arteries of femurs in 
ng rabbits reveals evidence in support of the view 
osteoclasts arise by fusion of mononuclear wandering 
E istiocytes, macrophages). Our findings support the 
lea of Hancox! that “it is in the histiocytic state alone 
hat cells (whose origin is then irrelevant) are capable of 
using to form osteoclasts’ 
_Our experiment involves ‘the injection of 8-15 c.c. of a 
r cent suspension of dextran sulphate and bone char- 
n a parao saline into the nutrient artery of the 
emur in 43 8-week-old New Zealand white rabbits. 





steele a as the control. “The rented Aaaa were 
immediately after the injection and serially up to 
lays. Both femurs were fixed in 10 per cent neutral 
alin, decalcified, embedded in celloidin, sectioned, and 
‘stained i in hematoxylin and eosin. 

z Up to 4 days: post-injection, the bulk of the charcoal 
as found to be localized in the vascular channels (arter- 
les and capillaries} of the femoral metaphysis. Some 
solated macrophages in the vicinity of the vessels laden 
vith charcoal contained a few finely dispersed charcoal 
particles less than a- micron in size. At 5 days post- 
jection, a larger population of macrophages as well as 

ome a epredio-sBeyed cells contained the charcoal (Fig. 1). 


m 
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of the Ag monomer (antigenic type I) and that of another 


ORIGIN OF OSTEOCLASTS FROM 


_ osteoclasts were incapable of phagocyti 


as a 
3-5 Aa a a a 
` a 
`‘ 
aa a 
` A 
are 
hes 
i kl 
3-0 ie 
S 
S > 
` 
= 
A o 
i nR O $ 
o 
2+) 
15 
OG LO t5 20 


Protein concentration (2/100 ml.) 


Fig. 5. Concentration dependence of sa ay of ea 
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these may vary in structure among difforent antibodies 
just as the Bence Jones proteins of individual patients = 
differ’. 

This work was supported by a research grant: (CA- 02803) 
from the National Cancer Institute, National Tastitutos í of : 
Health, U.S. Public Health Service. | 
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THE FUSION OF PHAGOCYTES — 


Tt was difficult to differentiate histologically some o 
spindle cells from a reticular cell... These cells 
be described as phagocytic reticular cells. Alth 
free macrophages surrounding osteoclasts — 
burdened with charcoal, the osteoclasts: 
particulate material. This led.us to. -conclude 
izing 

At 12 days post-injection, the particulate. 
found in macrophages, spindle cells (phagocy 
cells), and a few osteoclasts. At this time only a fe 
finely dispersed charcoal particles were found i in occasional, 
osteoclasts, while between 15 and 345 days there was a 
progressive increase in the number of osteoclasts and 
spindle cells laden with charcoal (Figs. 1 and 2). The 

























. Spindle-shaped cell (probably a phagocytic reticular ony with 
partienlate charcoal within its oyip (x. 900) 











Fig. 2. Examples of osteoclast formed by the fusion of macrophages, containing char- 


coal in part of its cytoplasm. (x 800) 


distribution of the charcoal in the osteoclasts was uneven 
(Figs. 2 and 3). These charcoal-laden osteoclasts were 
observed to arise from the coalescence of macrophages 
(histiocytes) containing the particulates. It should be 
emphasized again that when the charcoal was phagocy- 
tized by the macrophage, the particulate was absent in 
osteoclasts. At no time did we observe any charcoal in 
osteoblasts. 

It was difficult to determine whether the macrophages 
transformed into spindle (reticular) cells. The difficulty 
arose because they both contained charcoal at the same 
time. It is generally agreed that the phagocytic reticular 
cell (free macrophage’) is capable of phagocytosis. A huge 
population of charcoal-laden osteoclasts and spindle cells 
were observed between 15 and 30 days. The appearance of 
these cells was related to massive osteoclasis of the femoral 
metaphysis as a consequence of the partial ischemia. A 
more detailed description of these dynamic events will be 
reported elsewhere. 

Recent contributions to the question concerning the 
origin of the osteoclast have been reported in the investi- 





Fig. 3. An osteoclast surrounding a bone spicule with uneven ‘distribution of charcoal 
particles within the cell, (x 800) yg. 
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gations of the inter-relationships of the cells 

of bone using the technique of tritiated- 
thymidine autoradiography. These investi- 
gations have re-affirmed that osteoclasts are 
formed by coalescing uninucleated precur- 
sors. However, the same investigations have 
led to different conclusions that the precur- 
sors are osteoblasts? or osteoprogenitor 
(mesenchymal, spindle, reticular) cells*'. 
Our findings support the view that the 
osteoblasts are not the prerequisite cells 
for the formation of osteoclasts. Many 
workers believed that the osteoclast arose 
by the fusion of mononuclear wandering 
cells (histiocytes, macrophage). Hancox 
cited these investigators and their contribu- 
tions in his excellent review on osteoclasts'. 

To sum up, we have evidence to support 
Hancox’s hypothesis! that the cells in the 
phagocytic (histiocytic) state do fuse to form 
osteoclasts. Therefore, the cells of bone 
marrow possessing the ability to phagocytize 
and mobility are capable of coalescing to 
form osteoclasts. 
This work was supported by a grant from 
the U.S. Atomic Energy Commission. 
W. 5. 8S. JEE 
P. D. NOLAN 
Division of Radiobiology, 
Department of Anatomy, 
University of Utah College of Medicine, 
Salt Lake City 12. 
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In 1873 Kölliker! proposed that osteoclasts were formed 
by the fusion of osteoblasts. Since then many alternative 
claims have been made. These have included the origin of 
osteoclasts by fusion of fibroblasts, reticulum cells, bone 
cells with cartilage cells liberated from skeletal matrix, 
histiocytes, macrophages, monocytes, lymphocytes and 
liberated chondrocytes. Unfortunately these investiga- 
tions have been generally conducted at the metaphyseal 
regions of long bones which contain numerous cell lines. 
: This is a serious drawback in that many 
cells cannot be properly distinguished, for 
example, spindle cells, reticular cells, pre- 
osteoblasts, ete. 

In order to avoid this difficulty and to 
increase the specificity of the observations, 
investigations were conducted at the peri- 
osteum using tritiated-thymidine @HTDR) 
autoradiography?-4, At the periosteum the 
origin of the osteoclast can only be attributed 
to pre-osteoblasts and/or osteoblasts, since 
these cells exclusively make up the osteo- 
genic layer. The specific results which are 
achieved with the uso of *HTDR have led 
us to the unquestionable evidence that 
osteoclasts are formed by fusion of osteo- 
blasts and possibly pre-osteoblasts as well‘. 
Young’s "HTDR. investigations® on ribs and 
tibiz which followed presented good evid- 
ence that pre-osteoblasts were equally in- 
volved. Recently, excellent “HTDR evid- 
ence has been presented for the origin of 
osteoclasts from fusion of mononuclear 
leucocytes in newt limbs’. 

It appears that not all osteoclasts are 
produced by the same precursors. In 
periosteum, they are formed from osteo- 
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blasts and pre-osteoblasts, at the metaphyseal region 
other cells claumed. to be precursors may well be. However, 
interpretations at metaphyseal sites are extremely difficult 
to make 

Jee and Nolan have clamed that histiocytes are the 
precursors of osteoclasts on the basis of observations made 
on tissues of animals previously mjected with charcoal 
particles Within the first 4 days charcoal was seen almost 
exclusively in vascular channels Not until the 12th day 
was there evidence of an occasional osteoclast contamimg 
charcoal, whereas, from the 5th day on, macrophages in 
the vicinity of osteoclasts were heavily burdened with 
charcoal 

In *HTDR mvestigations, Young® saw labelled osteo- 
clasts within 9 h Kember’ observed osteoclasts at the 
metaphysis by 24 h We‘ have observed them at the 
metaphysis ın 18 h and 36 h at the periosteum If histio- 
cytes were the precursors of osteoclasts, Why was charcoal 
not observed m osteoclasts earher? Why did it take a 
long pertod of 12 days for them to contam charcoal? 
Osteoblasts do not phagocytize charcoal and if they were 
to participate m osteoclast formation at the metaphysis, 
the results would not be different On the other hand, 1b 
is well-known that osteoclasts themselves are phagocytic 
However, this does not mean that the phagocytic property 
is unhmuited or unspecific Jee and Nolan’s work shows 
clearly that osteoclasts do not normally phagocytize 
charcoal particles, but does not discount the possibility of 
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active phagocytosis by osteoclasts of cells which may have 
lost thew ability to cope with life after gorging themselves 
with charcoal particles This could easily lead to the 
conclusion that histiocytes are the precursors of osteo- 
clasts. However, this seems highly unlikely smce 12 days 
were required before several charcoal contammg osteo- 
clasts were observed. 

At present ıt appears that several cellular types are 
capable of fusion to form osteoclasts, perhaps also histio- 
cytes In view of the extremely long period which was 
required, to find charcoal contaming osteoclasts ın adversity 
to several and repeated °"HTDR mvestigations, where 
labelled osteoclasts were found after 9 or more hours, ıt 
18 believed that, contrary to the conclusions of Jee and 
Nolan, their investigation shows that histiocytes are not 
the major contributors to osteoclast formation and may 
well not be mvolved at all. 

E A Tonna 
Medical Research Centre, 
Brookhaven National Laboratory, 
Upton, New York 


3 Kolliker, A , Dee normale Resorption des Knochengewebes und thre Bedentung 
yur dw Enteschung der typischen Knochenformen (Vogel, Leipzig, 1873). 


2 Tonna, E A , Nature, 185, 405 (1960) 

` Tonna, E A , Anat Ree , 187, 251 (1960) 

i Tonna, E A , and Cronkite, E P , Nature, 190, 459 (1961) 

5 Young, R W, J Cell Bol ,14, 357 (1962) 

€ Fischman, D A , and Hay, E D , Anat Ree , 143, 329 (1962) 
? Kember, N F, J Bone and Joint Surg , 42, B, 824 (1960) 


SITE OF SYNTHESIS OF CYTOPLASMIC RIBONUCLEIC ACID 
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A the question has been investigated 
extensively over the past decade, ın both animal 
and plant cells, 1t has not yet been decided whether RNA 
is synthesized ın the cytoplasm of the cell or whether 
synthesis of RNA occurs only in the nucleus Numerous 
chemical? and autoradiographic?-* expermments have 
demonstrated that when cells are exposed to a radioactive 
RNA. precursor the RNA. in the nucleus becomes labelled 
more rapidly than the RNA in the cytoplasm When 
labelled cells are transferred to non-radioactrve medium 
the amount of radioactivity in the nuclear RNA falls and 
the amount in the cytoplasmic RNA rises It has been 
claimed that the disappearance of radioactivity from. the 
nuclear RNA and 1ts appearance m the cytoplasmic RNA 
represent the passage of RNA from the nucleus to tho 
cytoplasm, and experiments of this sort have been 
quoted as evidence that all the RNA ın the cell is syn- 
thesized in the nuclicus®® 

However, these observations are open to more than one 
interpretation, and the kinetics of labelling of the nuclear 
and cytoplasmic riboniicleic acids can be explained equally 
well by assummg that the rapidly labelled nuclear RNA 
has a short life in the cell and that the cytoplasmic RNA 
is synthesized independently The work of Harris and 
Watts®-!8 indicates that much of the rapidly labelled 
nuclear RNA does undergo breakdown within the cell to 
acid-soluble compounds, and an iereasing body of 
experiment?!” suggests that this breakdown occurs, for 
tho most part, within the nucleus These experiments 
make ıt clear that redistribution of radioactivity between 
nuclear and cytoplasmic RNA does not necessarily repre- 
sent transfer of RNA from nucleus to cytoplasm, but 
they do not demonstrate where the cytoplasmic RNA 18 
synthesized 


A more direct approach to the problem has been made 
by exammung the ability of enucleated cells to synthesize 
RNA It has been shown that under certain conditions 
enucleate amoebae!*®!® and enucleate fragments of HeLa 
cells?® do not meorporate radioactive nucleosides into 
RNA although they do incorporate radioactive amuino- 
acids into protein These experiments do indeed suggest 
that the cytoplasm does not have the ability to synthesize 
RNA, but the objection has been raised that the process 
of enucleation ıs itself exceedingly traumatic and that 
the synthetic capacities of enucleate cytoplasmic frag- 
ments may not be a true measure of the synthetic capacities 
of the cytoplasm in the intact cell The force of this objec- 
tion 18 enhanced by the exper:ments of Schweiger and 
Bremer*! on Acetabularva These authors have shown 
that under the correct conditions of growth, but only 
under these conditions, a clear-cut net synthosis of 
RNA may occur m the cytoplasm of these cells after 
removal of the nucleus On the other hand, 16 may be 
argued that Acetabularia is a rather special case and that, 
results obtained with ıb cannot be extrapolated to othe 
organisms 

Some recent experiments with tissue culture cells have 
shown. that the antibiotic, actinomyeim D, can, at certain 
concentrations, abolish all RNA synthesis in the cel 
except the termmal or sub-terminal incorporation of 
nucleotides into the soluble RNA®*-25 Since actinomycin 
D has been shown to form specific complexes with DNA*® 
and to inhibit the DNA-primed synthesis of RNA an 
yriro??28, the fact that ıb can mhibit all RNA synthesis in 
the intact cell has been interpreted as evidence that all 
cellular RNA 31s made ım the nucleus? However, it has 
now been found that ım E cells there ıs some synthesis of 
both nuclear and cytoplasmic RNA which 1s resistant to 
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very high concentrations of actinomycin D1? Moreover, 
when the synthesis of RNA ın anımal cells is stopped by 
actinomycin D the 1apidly labelled RNA ın the cell 
nucleus breaks down to acid-soluble compounds, but no 
transfer of RNA from the nucleus to the cytoplasm can 
be detected!~17 

It 1s clear from the foregomg observations that the 
most convincing demonstration of cytoplasmic RNA syn- 
thesis would be one in which a substantial synthesis of 
RNA. could be demonstrated in the cytoplasm ofa typical 
ammal or plant cell erther after enucleation or under 
conditions in which synthesis of RNA on the chromosomes 
has been suspended Such conditions are found m all 
animal and higher plant cells during the period of mitosis 
It has been shown that meorporation of radioactive pre- 
cursors into the nuclear RNA ceases completely by mid- 
prophase and does not resume until mid-telophase?*-*} 
Prescott and Bender and Femendegen. and Bond", using 
autoradiographic techmiques, have examined the incor- 
poration of radioactive precursors mto RNA during 
mutosis by exposing cultures of HeLa and Chinese hamster 
cells to tritiated uridine and cytidme for periods of 
5-30 min These authors found that cells in metaphase 
and anaphase were not labelled and concluded that no 
synthesis of RNA. occurs in the cell durig these stages 
However, under the conditions of labelling used by these 
authors there may be little or no incorporation of radıo- 
activity into the cytoplasmic RNA of interphase cells ın 
a 30 min period. It ıs therefore scarcely surprising that 
cells ın metaphase and anaphase were not labelled 
Indeed, under such conditions of labelling, 1t 1s doubtful 
whether these cells are a suitable material for the exam- 
ination of the problem, since their mitotic tıme is probably 
not much more than 30 min 

In the present mvestigation the synthesis of RNA 
during the mitotic period has been re-examined with two 
unportant modifications in the experimental design (1) 
cells with a longer mitotic time were chosen, (2) the 
conditions of labelling were such as to permit a rapid and 
virtually linear incorporation of precursor into cyto- 
plasmic RNA in the cells in interphase 

It has been shown that, under standard conditions of 
culture, the meristematic cells in the root tips of the 
broad bean Vie faba have a mean mitotic time of 
39+ 02h (ref 32) Four hours seemed long enough, 
since, even under the usual conditions of labelling, radio- 
active RNA precursors are incorporated into cytoplasmic 
RNA im interphase cells within this period This material 
was therefore chosen for the experiments recorded here 

Since radioactive adenosine, cytidine and uridine can 
be incorporated terminally or sub-terminally into soluble 
RNA, the choice of guanosine as a precursor was 
indicated No terminal incorporation of guanine nucleo- 
tides into soluble RNA has been reported®? A further 
indication that guanosine might be a suitable procurso1 
arises from a consideration of the metabohe pathways by 
which adenylic and guanylic acids are synthesized** It 
appears that the conversion of guanosine into adenme 
nucleotides 1s in general a much slower process than the 
conversion of adenosine into guanine nucleotides®® This 
would make ıt probable that, durmg a short period of 
incubation, radioactive guanosme would be incorporated 
mainly into RNA guanine residues 

The concentration of the radioactive precursor ıs also 
of importance In most autoradiographic experiments 
tritiated precursors of very high specific activity are used 
and the actual concentration of the precursor in tho 
medium is trivial Under such conditions there 1s usually 
a lag before any appreciable radioactivity can be detected 
in the cytoplasm The duration of this lag 1s variable, 
but in some cells ıt may be as long as an hour: It has, 
however, recently been shown by Watts?’ that this lag 
may be greatly reduced, and in somo cases virtually 
eliminated, if high concentrations of precursor are used 
This effect 1s probably due to the repression of endogenous 
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synthesis of przmes and pyrimidines by high concentra- 
tions of related exogenous compounds? 

Seedlings of Vzcra faba were grown in aerated tap water 
until secondary roots were produced The leaves were 
then removed and the roots of the plant were immersed 
at room temperature (approximately 20°C) in half- 
strength Knop’s solution contaimmg tritiated guanosine 
at a concentration of 5x 10-*M (Radiochemical Centre, 
Amersham, Bucks, specific activity 481 me /mM) Samples 
of roots were removed at 30, 60 and 90 min, washed in 
water and fixed m acetic alcohol for 4h ine fixed roots 
were hardened overnight in 4 per cent formalin, then 
washed in water and extiacted for 30 min in 5 per cent 
trichloroacetic acid at 4°C They were then washed in 
water, dehydrated through an alcohol series and embedded 
in paraffin wax Sections were cut at 24 The mounted 
sections were extiacted agam with 5 per cent trichloro- 
acetic acid at 4° C for 30 min and then washed ın distilled 
water Some of the sections were treated for 4h at 37° C 
with ribonuclease at a concentration of 1 mg/ml (Wor- 
thington Biochemical Corp, Freehold, New Jersey) 
Kodak ‘71042’ strippmg film was apphed to the sections 
and the autoradiographs were developed after 80 days 
The sections were stained, after the autoradiographs 
had been processed, with Ehrlich’s hematoxylin and 
counter-stained with eosin 

Cells in full metaphase or anaphase wero sought in the 
sections and the number of grains over cach of 50 such 
cells was counted Counts were made at the same time 
of the number of grains over the cytoplasm of two inter- 
phase colls adjacent to each cell in anaphase or metaphase 

The work of Gray and Scholes** on the duration of the 
stages of mitosis in the root cells of Vecia fabia permits 
one to calculate that, in a total mitotic tıme of 4h, pro- 
phase would last about 25h and metaphase about 
50 min It 1s thus very unlikely that any of the cells ın 
full metaphase or anaphase would have been in the first 
half of prophase 30 or 60 min previously, although a few 
might have been ın this stage 90 min previously Since 
synthesis of RNA on the chromosomes ceases by mid- 
prophase, any labelling of RNA ın cells in full metaphase 
or anaphase must therefore represent labelling of cyto- 
plasmic RNA, except, perhaps, in a few of the cells from 
roots exposed to the precursor for 90 min In fact, none 
of the cells m metaphase or anaphase showed any evidence 
of chiomosomal labelling even in the 90 min sample 
This would be detected ın an experiment of this sort 
by a greater concentration of grains over the chromo- 
somes than elsewhere in the cell 

In order to determine whether all the acid-imsoluble 
radioactivity was ın nucleic acid, some roots were extrac- 
ted with 5 per cent trichloroacetic acid at 90°C for 30 
min and the amounts of radioactivity ın the extract and 
residue determined Some roots were subjected to over- 
night hydrolysis in 03 N potassrum hydroxide, and the 
amount of radioactivity ın the RNA purines was determ- 
ined after these had been isolated and separated by paper 
chromatography" 

Table 1 shows, for each period of exposure to the radio- 
active precursors, the mean number of grains over 50 
cells in metaphase o1 anaphase and the mean number of 
grains over the cytoplasm of 50 pairs of adjacent cells 
im. interphase 
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Table 1 MEAN NUMBER OF GRAINS PER CFLL 
Period of incubation with labelled 


precursor (min) 30 60 90 
Cytoplasm of cells in interphase 813+06 1728+410 2559+10 
Cells in metaphase and anaphase 16081407 3682409 6524421 


It will be seen (1) The number of grains over tho 
cytoplasm of the interphase cells mcreases in a linear 
fashion from zero time This finding illustrates that the 
lag im cytoplasmic labelling can be eliminated 1f the right 
precursor is used under the right conditions (2) The num- 
ber of grains over cells in metaphase and anaphase 
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mecreases progiessively with time and is at all times at 
least twice as large as the number over the adjacent 
interphase cells This mdicates that substantial mecor- 
poration of tritiated guanosine into acid-insoluble materal 
occurs m the cytoplasm at a time when there 1s no 
synthesis of RNA. on the chromosomes The large differ- 
ence between the counts over cells in mitosis and adjacent 
cells in interphase may be due, at least in part, to the 
fact that for cells in mitosis the number of grains over the 
whole cell was scored, whereas for cells in mterphase the 
area over the nucleus was excluded Itis conceivable that, 
m sections, about half the radioactivity m the cyto- 
plasm may be lost if the area overlying the nucleus is 
omitted from the count, although ıt 1s difficult to calculate 
the magnitude of this factor Another possibihty 1s that 
in cells ın interphase the rapid synthesis of RNA in the 
nucleus competes with the cytoplasm for the labelled 
precursor, whereas in. cells m mutosis this competition 1s 
suspended, In any event, ıt ıs clear that the amount of 
precursor incorporated in the cytoplasm of the cells in 
mitosis cannot be much less than the amount incorporated 
in the cytoplasm of the cells in interphase (3) While the 
increase in the number of grains over the cytoplasm of 
cells in interphase 1s linear for the whole of the 90-min 
period, the number of grains over cells in metaphase 
and anaphase is greater in the 90 mm sample than the 
value obtained by a hnear extrapolation through zero 
time and the 30 and 60 min samples The reason for this 
high value in the 90 min sample is obscure It could be 
explamed by the fact that some of these cells might have 
been ın the first half of prophase 90 min previously and 
might thus at metaphase contam some labelled chromo- 
somal RNA If this were the case one would expect a 
proportion of the metaphase cells in the 90 mim sample 
to show unusually high grain counts, and these would 
not be accompanied by correspondmgly high values 
in the adjacent interphase cells But a statistical analysis 
of the grain counts revealed no evidence of this type of 
labelling Moreover, if the chromosomal RNA wero 
labelled in some of the cells one would expect that the 
mean number of grams over cells in metaphase would be 
greater than. over cells in anaphase But no significant 
difference was found between metaphase and anaphase 
ın this respect 

Treatment with mbonuclease almost completely re- 
moved the radioactivity from the cells in mitosis and from 
the cytoplasm of the cells in wnterphase This indicates 
that the cytoplasmic acid-soluble material into which 
the precursor was mecorporated was RNA All the acid- 
insoluble radioactivity ın the roots was extracted by 
treatment with 5 per cent trichloroacetic acid at 90°C 
for 30 min Isolation of the RNA purmes after alkali 
hydrolysis of the roots revealed that the radioactivity 
was almost entirely in guanine residues, the amount of 
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radioactivity ın RNA adenine residues was scarcely 
greater than background 

Tritiated guanosine ıs incorporated into cytoplasmic 
RNA. during those stages of mitosis in which synthesis 
of RNA on the chromosomes 1s suspended The amount 
of precursor incorporated mto the cytoplasmic RNA of cells 
m mitosis 1s at least comparable with the amount meor- 
porated in the same time mto the cytoplasmic RNA of 
cells ın mterphase The tritiated guanosme ıs meor- 
porated almost entirely mto RNA, guanine residues 
These findings do not support the view that all the RNA 
of the cell ıs synthesized on the chromosomes; they indi- 
cate that substantial synthesis of RNA takes place im the 
cytoplasm, 

We thank Neil Gilbert for his help 
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STUDIES OF RADIATION-INDUCED CHANGES IN CELLULAR 
PROLIFERATION, USING A DOUBLE LABELLING 
AUTORADIOGRAPHIC TECHNIQUE 


By Dr D. R. DAVIES* and Dk D E WIMBER} 


Biology Department, Brookhaven National Laboratory, Upton, New York 


Roo ae pertim bations m proliferatmg 
cell populations can be due to the death or premature 
differentiation of a portion. of the cell population, or to 
retardation of movement of certain phases of the mitotic 
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cycle The last phenomenon is one that has long been 
recognized as one of the earliest consequences of radiation 
exposure Initially, the mterruptions of the orderly 
progression of proliferating cells thiough the mitotic cycle 
were recognized through changes m the mitotic index’, 
but critical analyses of the phenomenon became possible 
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Fig 1 Autoradiographs of staminal hair cells tagged with trtum- 
labelled thymidine 
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Fig 2 Autoradiographs of staminal hair cells that have been doubly 

labelled with *H- and !*Q-thymidine Cells with the silver grains directly 

over the nucle: are labelled only with tritium, those with a halo of 
grains around the nuclei are labelled with carbon-14 


only after the advent of ngh-resolution autoradiographic 
techniques These have mdicated that both the nature 
and extent of the changes mduced are dose-, species- and 
probably tissue-dependent A few examples will suffice 
to indicate the diveisity of responses observed G, (post- 
DNA-synthesis) blocks have been observed m HeLa’, 
Vicia’, Prsum, and mouse S (ref 5) cells, G (pre-DNA- 
synthesis) blocks ın TsadescantiaS-§, Vicra® and human 
cells?}#° and blocks or delays in S (DNA synthesis) m 
mouse! and human” cells The doses used in the mduc- 
tion of these blocks have vared greatly 1f measured m 
terms of roentgens or rads, but until the nature and size 
of the relevant target or targets are known, comparisons 
of doses m these terms are not likely to be very meaning- 
ful*, The consequences of these delays or blocks, and 
the pattern of recovery_with tıme, will probably also be 
varied and complex 

In the experiments i1ecorded here, an 
analysis was made (over an extended period 
of tme) of the changes m the kmeties of an 
asynchronous cell population followmg a 
low dose of X-rays The double-labelling 
autoradiographic technique, and the par- 
ticular tissues used, allowed & more critical 
evaluation of these changes than has 
previously been possible Moreover, from 
previous experience’ ıt was known that 
the dose of X-rays used was sufficiently low 
that virtually no death or premature 
differentiation of the cells occurred, and 
the changes could be solely attributed to 
phase changes 

The tissues used were stammal hairs 
produced within the flowers of a diploid 
clone (Sparrow’s 02) of a variety of 
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Tradescantia occidentalis Each flower has six fila- 
ments, each of which bears about 50 hairs (under the 
environmental conditions of the experment—24 h light, 
950 ft candles 21+1° C) Each hair 1s a chain of smgle 
cells and its pattern of growth 1s as follows a cell in a 
filament divides in such a way that one of the daughter 
cells protrudes obliquely out of the filament This 
protruding cell 1s meristematic and becomes the terminal 
cell of the hair, contmumg to divide until the mature hair 
(20-30 cells) ıs formed behind ıb Tho sub-termmal cell 
always d:vides once after its formation and occasionally 
an intermediate cell also divides Thus at any given 
time ıt ıs usually only the termimal and subtermmal cells 
that are meristematic These terminal har cells were 
superior to many tissues used m simular experiments 
because they were all known to be merstematic and 
because their unique position on the staminal hair 
eliminated complications mtroduced mto most analyses 
by cell drvision In addition, cell lineages could to some 
extent be followed 

The double-labeling autoradiographic technique utilized 
was simiuar to that described by Wimber and Quastler® 
The rationale of the technique 1s that a cell population is 
pulse labelled with tritiated thymidine and at a later 
time with thymidme labelled with carbon-14, or vice 
versa, and fixed immediately after admmustration of the 
second label Autoradiographs then reveal three groups 
of cells (a) those labelled with tritium alone, (b) those 
with carbon-14 (with or without trtum), (e) those with 
no label (Figs 1 and 2) If the tritium were given, first, 
theoretically one would expect the number of termmal 
and subterminal cells labelled with tritium alone to 
increase as the interval between tritium and carbon-14 
administration was increased (Fig 3) This merease 
would oceur over the period of time it would take for the 
cells labelled with tritium (that 1s, those ın S at the time 
of labelling) to move through G, M and G, If ™C- 
thymidine were available at the tune this block of cells 
commenced to synthesize DNA agam, they would take 
up carbon-14 and so the number of tritrum-labelled cells 
would decrease ; 

Inflorescences were used which were still attached to 
the parent plant Each imflorescence contamed a large 
number of buds The tips of buds with actively dividing 
hair cells were removed and the mflorescences immersed 
for 1 h in a water solution contaming 1 pe jml tritrum- 
labelled thymidine (31 ¢/mM, New England Nuclear) 
One drop of ‘Tween 80’ per 20 ce solution was added to 
facihtate penetration of the thymidime mto the bud As 
a further aid to penetration the whole plant with its 
inflorescences 1mmersed m thymidine was placed m a 
vacuum for about 5 mm at the beginnmg of the labelling 
period Prelimmary experuments had shown that an 
adequate replacement of the air trapped within the buds, 
by thymidine solution, was difficult to achieve without 
this <A low (1 pe /ml) concentration of trit1um-labelled 
thymidina was used, as the work of Wimber and Quastler® 
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Fig 3 Diagrammatic representation of the *H,-**C-thymidme double-labellmg method 
used in these experuments Cells are visualized as passing through the nuclear cycle from 
left to right The cell populations are muitially labelled with *H-th 
various later times are treated with “C-thymidine Fixation follows the second labelling 
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had mdicated that the endogenous radiation from tritvam 
could ın itself affect the patterns of cellular proliferation 
At the end of the labellmg period the buds were thor- 
oughly washed in water, the control series returned to the 
growth chamber and the iwrradhated series exposed m aur 
to 54r of X-rays (6 m amp, 250 kV, 1 mm alummum 
filter, dose rate 108 r /mun) prior to its also bemg replaced 
m the growth chamber The mflorescences were wrapped 
m polyethylene ‘gloves’ after treatment to prevent undue 
drying of the buds followmg excision of their trips At 
various intervals of time of 2—37 h after exposure to the 
tritium-labelled thymidine, the buds were immersed im a 
water solution of 2 ue /ml 4C-2-thymidme (25 mc /mM, 
New England Nuclear) for 1 h, under the same conditions 
as for the tritium-labelled thymidme exposure Imme- 
diately after the treatment with carbon-14 the buds were 
washed and fixed m 3 parts absolute alcohol 1 part 
glacial acetic acid Later they were hydrolysed ın 1 N 
hydrochloric acid for 6 mm at 60° C, stamed by the 
Feulgen method, the filaments dissected out, and squash 
preparations made of the filaments and hairs Auto- 
radiographs were prepared using two dips of Kodek 
NTB lhquid emulsion, the shdes were exposed for 35 
months and were developed usmg standard procedures 
After developig, the shdes were counterstamed in 1 per 
cent fast green to aid m the recogmition of the terminal 
cells of the hairs These terminal and subterminal cells 
were then scored for the presence and type of label and 
division stage <A differentiation of tritium-labelled cells 
into those which were m G,, that is, those which had 
not divided, and those m G,, that is, those which had 
divided, was also possible at the earher fixation times 
(Fig 4). Initially 1t was only the two meristematic end 
cells that took up label—after division the cells which 
were not gomg to divide again remamed m. Q for a con- 
siderable tıme Ultimately these cells synthesized more 
DNA—this time without any further division, and 
accumulated up to 8C and possibly higher quantities of 
DNA (Davies, unpublished observations) Between 400 
and 700 terminal cells were scored at each of the fixation 
times for control and irradiated series, and data on a 
similar number of subterminal cells also collected for the 
earher fixation trimes There was no significant difference 
between the pattern of behaviour of terminal and 
subterminal cells 
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Fig 4 Labelling patterns observed ın the meristematic cells of the 

staminal hairs Only the first two cells are meristematic at any one 

time By observing the labelling distribution tt 1s possible to determine 

whether cells are in G, or G, after double labelling Those having two 

tritium-labelled cells distally are in G, while those having four 
trifium-labelled cells distally are in G, 


Control serves The percentage of cells in S, that ıs, 
those labelled with carbon-14, remamed farly constant 
throughout the cycle (fig 5)——-the mean value for all 
fixation times bemg 520 per cent There may have been 
a shght reduction mm the number m the period 2-10 h 
after administration of the tritium label, probably due to 
a reduced flow of cells from G, to S (Fig 5) A simular 
effect of the endogenous radiation from an meorporated 
radioactive label has been observed by Wimber and 
Quastler® The rate of movement of cells in the mitotic 
cycle was given by the slope of the lne denotmg the 
merease in tritium-labelled cells, 2-8 h after labelling 
This merease was due to cells leavmg S and movmg 
into G,, M and G, the time at which they started decreas- 
ing again therefore represented the sum of Ga M and G, 
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Fig 5 Control series Data collected from apical cells only ‘Top, 
carbon-14 labellmg mdices, middle, mitotic dices, bottom, labelled 
prophase curves and trifium-labelling indices See text for mterpretations 


In other words, those cells which were m S at the time of 
tritium labeling were starting to enter S agam-—this 
tame they would take up carbon-14, and the tritium label 
would not be recognized The slope of the increase in 
number of tritium cells from 2-8 h was 477 per cent/h 
(Fig 7) Simece the mean number of cells m S was 52 0 
per cent, the total time of S must have been approx- 
imately 10 9 h mmus 1 h labeling tume—9 9h (1a) 

S could also be estimated, but not as accurately as m 
(la), from the distance between the 50 per cent pomts 
on the upward and downward slopes of the labelled 
prophase curve—12 h minus 1 h labelling time-—-I11]1 h (16) 

The total cycle tume (T) could similarly be calculated 
from the rate of movement of cells and was 21 0h (2a) 

Another estimate of T, from the distance between the 
two 50 per cent Jabelled prophases pomts on the upward 
slopes of the successive cycles, was 20 h (2b) 

Yet another was 205 h—the distance between the 
20 per cont tritrum-labelled cells on the upward slope for 
the two cycles (2c) 

The mitotic index, being based on many fewer cells, 
was somewhat vaniable but had a mean value of 19 3 per 
cent, mdicating a time of 40h for mitosis (3) 

The G,+4+G, time could be obtamed from the time 
taken to reach the peak of tritrum labelling (Fig 5), and 
was approxmately 11 h Similarly the difference 
between. T and S from earher estumates (1) and (2) was also 
approximately 11 h The time of G+ M was given by 
the distance between the lmes representing the mecrease 
in. tritium-labelled cells, and merease m divided tritum- 
labelled cells m Fig 7 This mterval G+ M was 5 h, 
and knowing M to be 4h (estimate 3) G, must have been 
lh (4) 

The usual method of estimating G, 18 to determime the 
time between labelling and the 50 per cent labelled 
prophases pomt on the upward slope One-half of the 
duration of the prophase and labellmg tıme should be 
subtracsed from this figure to give the value for G, 
approximately 35 h—not I h as calculated earher. 
However, the slope of merease ın number of labelled 
prophases was, m this experument, very much shallower 
than the theoretically expected vertical ine This in part 
was due to the length of prophase (2 h), to the variation 
in the length of G, and to the length of the labelling period. 
Hence the best estimate of G, must be 1 h (4) and by differ- 
ence 7’ ~—(M+S+G,), an estimate of G, was 21 0— (40+ 
99+1)=61h (5) 
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Fig 6 Irradiated seres Data collected from apical cells only Top, 
carbon-14 labelling mdices, muddle, mitotic mdices, bottom, labelled 
prophase curves and fritium-labelling indices See text for mterpretations 
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Fig 7 Irradiated and control series compared Top, decreasmg carbon- 

14 Jabelling indices for the irradiated material, indicating a block in G,, 

bottom, tritium-labelling mdices for both control and irradiated material 

with slopes plotted In addition, the increase in divided tritium cells 

18 plotted for both irradiated and control populations These are 
determined by the method illustrated in Fig 4 


Triadrated serves The time for the first post-irradiation 
mitotic cycle appeared little changed from that seen m 
the control (Figs 5 and 6) However, within the cycles 
there were considerable differences Emergence of cells 
from S was shghtly delayed (compare the time of emer- 
gence of tritium-labelled cells after labeling in Figs 5 
and 6) However, after this mitial delay, the cells moved 
through G, M and mto G, at a faster than normal rate— 
70 per cent as opposed to the control value of 48 per 
cent/h (Fig 7) The maximum proportion of cells 
labelled with tritium was similar m both the radiated 
series and control, but the maximum level was maintamed 
for a longer period of time Ths mdicated an imerease 
ın the tıme of G,.+M@+G, Smee the distance between 
the tritzum-labelled lme and the divided trrtium-labelled 
line, that 18s, G+ M, was simular for control and 1zrradiated 
(Fig 7), ıt must have meant a radiation-induced increase 
m G, That this was the case was shown conclusively by 
the earbon-14 labellmg index, thas ıs, the number of cells 
in S at any given time Up to 2h after tritium Jabellmg 
and irradiation there was no change, but this may well 
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have been due to a block both m cells leaving S, as con- 
sidered earher, and in the entry of cells mto S from G, 
However, after 2 h the carbon-14 mdex dropped to a 
low value of 23 per cent at 8h (Fig 6) This decrease 
could be mterpreted as bemg due to an almost complete 
blockage of cells in G,—the theoretical lne predicted for a 
complete block would drop to 14 per cent at 8h, ifthe rate 
of cells leaving S were 70 per cent/h Movement of cells 
from S to Gay M, and G, (that 1s, merease in tritium- 
labelled cells :n Fig 6),1t must be remembered, was not 
retarded From 8 h onwards the number of cells taking 
up carbon-14 mereased rapidly If the flow mto and out 
of S had been restored to rts normal value, S would have 
remained at ıts low level (28 per cent) The rapid 
increase m the number of labelled cells back to the normal 
value indicated a more rapid than normal flow from 
‘GZ,’ nto S The definition of S in the particular context 
of this experment now becomes ambiguous It 1s 
conveniently equated to that stage ın which precursors 
are incorporated mto DNA However, the cells which 
were prevented, from imcorporating thymidmne (2-8 h 
post-1rradiation) were possibly ‘competent’ m every 
respect other than ther DNA content, and, once the block 
to thymidine meorporation was removed, surged through 
‘S’ at a faster than normal rate The radiation-mduced 
lesion—the possible nature of which has been summarized. 
by Stocken“——was temporary m nature and 1ts mfluence 
transient, having no effect on the subsequent mitotic 
cycle In the second cycle, rates of movement of cells, 
the number of cells in S, ete , all appeared similar to that 
seen ın the control (Figs. 5, 6, 7) 

The expermental materal utilized here appeared 
sunular, ın its type of mmal response, to Tradescantia 
roots’ ®, but not m its pattern of recovery Even with the 
low doses of radiation used on the root systems (1 and 
10 rads), there was no marked recovery withm 20-h 
post-irradiation The extent of the ‘G effect’ —leadıng 
to a 40-50 per cent depression m the number of cells m 
‘S’—was sumilar for both, and similar to that observed in 
human bone marrow cells!®? In the case of the latte: 
tissue it was suggested that either the G, population was 
heterogeneous ın terms of radiosensitivity, or that its 
rate of movement was halved In contrast to these 
results, the present experiments showed that most of the 
G to S cells were foi a period of time impaired with respect 
to their abihty to take up tritrum-labelled thymidme 
They then recovered at a rapid rate If there had been 
a blockage and an accumulation of a large number of 
cells m a normal G state, then a partial synchronization 
of cells would have resulted, and changes m the mitotic 
index observed There was no direct correlation between 
the effects on DNA synthesis and on the actual process 
of cell division (the mitotic mdex was essentially 
unchanged throughout) and m contrast to most experi- 
ments the blockage in G, was induced at a lower dose than 
the latter Furthermore, the long-term consequences of 
this effect on DNA synthesis must be negligible, at least 
im terms of survival of the cell, smee 54 r has httle effect 
on this paramete1 1? 

This work was supported by the US Atomic Energy 
Commission > 
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TN a previous report! a procedure was described wherein 

& it was demonstrated that an immune response was 
invoked in A strain mice against sarcoma 37 when the 
mice received implants of their own sarcoma 37 which 
had been grown in a strain of mice normally resistant to 
this tumour. Twenty of one hundred experimental mice 
were afforded complete protection from a single implant 
of the altered tumour. The average life-span of the eighty 
which eventually died of sarcoma was twice that of 
control animals. In another similar experiment (not 
reported) involving the mouse mammary carcmoma 
E0771 in 100 mice, 25 per cent survived and the life 
span was again double the controls in those which 
developed tumours and died. 

The procedure was based on the premise that a sig- 
nificant change might occur in a neoplasm if the neoplasm 
could survive and receive its nutrients in a genetically 
foreign host. Such a change could render the tumour 
antigenic when returned to the original host so that the 
host might reject the altered transplant. The antigens 
produced against the altered tumour might also be 
effective against the closely related original tumour. If 
the growth rate of spontaneous neoplasms is dependent 
on the host’s ability to produce a limited amount of 
tumour antibodies, it is possible that the addition of even 
a weak antigen would tip the balance of tumour anti- 
bodies enough to bring about tumour regression. 

An attempt was made to utilize the same technique on 
oan aged female beagle hound which had a scirrhous 
mammary carcinoma with nineteen palpable breast 
lesions ranging from pea size to two lesions approximately 
1.000 c.c. in volume. There was radiological evidence of 
lung metastases and the bitch evidenced severe dyspnosa, 
anorexia, loss of weight, and lethargy. The abdominal 
skin was darkly pigmented in large patches. 

The largest lesion on the beagle was removed surgically, 
a fragment was minced and one piece implanted sub- 
cutaneously into each of ten 3-week-old Swiss strain 
mice. The mice were each injected with 1 mg of pred- 
nisolone daily, and at the end of one week palpable 
tumours were growing in five of the ten mice. A section 
of the mouse-grown tumour is illustrated in Fig. 2. A 
biopsy of the beagle’s second large lesion was taken for 
histological study and ‘comparison of the tumour before 
(Fig. 1) and after treatment (Fig. 3). 





Fig. 1, Scirrhous mammary carcinoma of beagle, before treatment 
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TREATMENT OF CANINE NEOPLASMS WITH AUTOGENOUS 
VACCINIAL PREPARATIONS 


By Dr. C. W. RIGGS 


University of California Medical Center, Vivarium, San Francisco 





Fig. 2. Beagle tumour after growing in mouse 7 days 





Fig. 3. Section of tumour shown in Fig. 1, 45 days after treatment 


One mouse bearing the canine tumour was killed on 
each of the seventh, eighth, ninth and tenth days after 
implant, and the tumour tissue from each was returned 
to the beagle within 1 min after collecting. Implants were 
made subcutaneously by means of a 19ga trocar and 
cannula in the dorsal cervical region on the four successive 
days. Induration occurred at each implant site and per- 
sisted for approximately four days, but no growth of the 
mouse tumours occurred after their return to the beagle. 
The beagle received no other form of therapy. 

Two of the eighteen breast tumours were measured on 
the day of the first mouse-grown implant. One, almost 
cuboid in shape, had a volume of 930 c.c., and the second, 
a shallow lesion, had an area of 7-5 cm*. Measurements 
one week later were 600 c.c. and 3-75 em*, respectively. 
The tumour dimensions continued to decrease slowly, and 
three months after treatment the largest lesion volume 
was 345 c.c., while the smaller had completely dis- 
appeared. Eight other small lesions were no longer 
evident. The bitch weighed 6-2 kg before treatment and 
9 kg three months later. Dyspnoea and anorexia subsided 
and normal vigour was restored. Pigmentation of the 
skin was no longer evident. The gross appearance 
of the largest lesion changed throughout the course of 
















Another case treated in a similar manner, as an ‘out- 
patient’, deserves mention although it was not followed 
long enough to draw any definite conelusion. This was a 

_ ten-year-old male Afghan hound with generalized lympho- 
blastic sarcoma involving gross enlargement of all palp- 
able lymph nodes. The animal was treated in September 






















$59 with a single dose of nitrogen mustard. A slight 
gression of size of node was observed for a 2-week 
od, followed by rapid growth of nodes and develop- 
aent of diarrhoea, anorexia, vomiting and weakness. 
i mm- cube of an enlarged cervical lymph node from 
fghan hound was implanted into each of ten pred- 
nisolone-treated mice. Rapid growth of the tumour 
‘urred in seven of the ten mice. On the fifth, sixth and 
enth days of growth in mice, the tumour was returned 
e Afghan. 
~~ Seven days after the first treatment with mouse-grown 
tumour the dog was brought to the laboratory, by its 
owner, for examination. All palpable glands were half or 























therapy was given. 
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vomiting stopped, the animal 








the diarrhoea was more severe. No other 





A week later the owner called to report the dog had 
appeared to improve, except for the diarrhmwa, had been 
struck by @ car three days prior to his call, died in its 
sleep that night, and had been buried. No post-treatment 
sections were available. 

The regression of lesions in the case of the beagle hound, 
the Afghan hound, and the inhibition of growth of a | 
sarcoma and a earcinoma in mice similarly treated, sug- 
gest the possibility of producing what might be termed 
an autogenous vaccinal preparation for treatment of 
neoplasms. Prolonged growth of a neoplasm in a foreign 
host would not be necessary for production of such a 
preparation. Any growth at all should be sufficient to 
produce some alteration of molecular structure such as 
transposition of elements in nucleic acids, substitution of 
some side-chains, etc. Such preparations might be highly 
host specific if the structure of etiological agent of any 
given neoplasm is closely related to the genetic make-up 
of its host, so that an autogenous preparation, effective 
in one animal, would be ineffective in another with a 
similar-appearing tumour. 

* Riggs, C, W., Univ. California Rad. Lab. Rep, 3479. 














ae ` distortion or stretching caused by fixation and flattening on 
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homologue of Y, in the male’. 


BIOMETRICS OF THE KARYOTYPE OF PROTEMNODON BICOLOR, WITH 
ae REFERENCE TO THE LIMITATIONS IN ACCURACY OF 
IDENTIFYING HUMAN CHROMOSOMES 


By RUTH C, MOORE and Dr. G. GREGORY 


Cancer Institute Board, Melbourne, Australia, and Department of Statistics, University of Melbourne 


HE identification of human chromosomes depends 
o & mainly on the measured differences in their relative 
-lengths and arm ratios at metaphase’, Both these para- 
meters may vary in standard preparations owing to 





distinguishable. The X is similar in size to autosome 2, 
but can be identified by a constriction at the base of the 
short arm. 

42 cells (21 from each specimen) were photographed 
quarter-plate Kodak orthochromatic high-con- 
trast film, and printed at a final magnification of 
3,750. A piece of fine wire was laid along the midline 
of each photographed chromatid from the end to 
the estimated position of the centromere and the 


mtity can also be based on the appearance of charac- 
teristic constrictions and heteropyknotiec re sone: Arih 
sent time the significance of satellites on some human 
-chromosomes is still sub judice, The presence of 
__ constrictions on others has been noted®.* 
_ which, with further refinements of tech- 
ique, may be sufficiently uniform to serve 



















straightened wire measured against a ruler graduated 




















ale ving 2 Y chromosomes, perhaps due 
to centric fusion between the true X and a 
large acrocentric autosome which is the 


. Two male wallabies were obtained with 
the co-operation of the Victorian Fisheries 
and Wild Life Department. The technique 
of Moorhead et al.* was used to examine 
chromosomes from peripheral blood. 
A typical idiogram is shown in Fig. 1. 
Each of the four pairs of chromosomes is 









3 | : 
Fig. L Karyotype of a male black-tailed wallaby ‘(Protemnodon bicolor) (scale in’) 
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in the cell, Crosses, chromosome 1; 


to 0:5 mm. Arm- length was taken as the sum of the 
chromatid lengths: 
The Yı chromosome entering metaphase showed marked 
positive heteropyknosis and was, therefore, excluded: 
The data were examined to find some criteria of identiti- 
-cation the errors of which had a recognizable pattern. 
_ Initially; observed shorter versus longer arm-lengths were 
plotted, length being expressed as a percentage of total 
-chromosome length per cell (Fig. 2). 
‘The tendency for the results from each chromosome to 
a "duster round some mean value is very noticeable. 
_ Identification with a high degree of confidence is still 
possible even in regions of overlap by considering the 
relative position of points corresponding to other chromo- 
a _ somes in the cell. 

The larger chromosomes appear more variable than the 
i smaller ones, and there is a tendency for the observations 
to be scattered in the shape of a sector of a circular 
annulus. That is, the two arm-lengths did not vary 
ce independently, but showed a weak negative cor relation, 
` presumably due to errors in determining the position of 
es the centromere. 

There appear to be two sources of variability-location 
of the centromere and total length of the chromosome. 
. This suggests consideration of two parameters—the angle 
subtended at the origin by the plotted points (which, 
unlike the arm ratio, has the advantage of symmetry in 
the two arm measurements) and total chromosome length. 
‘These two variables were uncorrelated for each chromo- 
16; indicating that the sources of variability are 
dependent; 
ny. chi -omnosome the following variables are defined: 
length of short. arm as a percentage of total chromo- 

length in the cell; æ=length of long arm as a 
age of total. chromosome length in the cell; 
nyje expressed i in radians: 

a on the. wallaby chromosomes are summarized 




















abies ar numbered i in the order in which the 
ents wero made. The measurements on the 
wallaby tend to be less variable, due, it is felt, to 
ment in technique and greater discrimination in 
of material, and consequently rather more 
should be placed on the reliability of observa- 
, second wallaby. 

the variability of «+y as the average 
jecreases . suggests: a logarithmic trans- 
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oe ‘Plot: of eee Versus. gee measurements of the chromosomes of 
Wadon bieolor, Arto-length is expressed as a percentage of the | total chromosome 
squares, chromosome 2; open triangles, 
hiomosomè 3: closed triangles, chromosome 4; circles, X chromosome. 
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and hence that in a ‘sample of sufficient size 
the variances of z and 8 will be constant for 
all chromosomes. : P 
Analysis of. Tinan dirana mes, 
22 metaphase plates respect: el 
peripheral blood of 2 male su 
photographed under a Leitz 90 t 
tive and a at a final Spe 




















aali pairs, ‘arranged : 
irrespective of arm ratio; of the 
group (Denver classification). 
Short-arm | versus dong- -arm 
shown in Fig. 4. : 
One immnedinte conclusion’ w 
the largest chromosome the short 
ment does not always correspond 
same arm of the chromosome, he 
truncation of the region of va 
along the 45° line, suggesting that the true value 
arm ratio is nearer 50 per cent than has previousl, 9 
claimed. This has the effect of biasing the estimate o 8 
towards a lower VANIS, although the variability of z z is ‘Rot 
affected. : 
Table 2 summarizes the data on human hromom: o 
Chromosomes 1 and 2 exhibit stability in the means and. n 
standard deviations of their z values, and in the means 
of the 9 values, but the standard error of 6 for. chromosome 
1 is significantly lower due to the truncation mentioned i 
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ia e o at 
=. RA a a ae a eee 
ages tyo | 12-04 | 7-41 | T36 | es | 698 o` E 1245 
s eN 065 — 053 0-45 O44 | 059 O41 | O81 | 0-69 
ue st | Hee | tig | tite | Se | Sele | Cih | ie 
a a Ton he 6.307 0.301 | 0-537 0-544 0-344 0315 | O24 | 0-201 
ee ed le E ee ee 
Table 2. CHROMOSOME NUMBER 
OOo | o ee | M EL 
B heal B Aad Bo co ae AadB A 0 B AmB - | B |AadB | 
ee e ST Ga | 6-029 0-031 | 0030 0-026 | 0-022 | 0025 | 0-038 | 0-029 | 0-035 | 
ooo Average 6 0-738 | 0744 | 0740 | 0566 0569 | 0567 | 0563 | 0558 | 0-564 | 0-621 | 0519 | 0-520 : 
eee 033 | 0-033 | 0033 | 0-054 0043 | 0-050 | 0-068 | 0-059 | 0-085 | 0-082 | 0-077 | 0-080 | 
| Correlation (2,0) : bi | = | 0-098 | ~ 0-245 a 0082 | 0-191 — | 0170 | 0275 | — | 





here. The observations on the largest of the 6-12+X 
‘group indicate that the same chromosome has not been 
measured throughout. The criterion of selection was 
‘length, and the decreased standard deviation of z is 
consistent with the statistical theory of the extreme value 
of a sample!!, The same conclusion can be drawn for the 
smallest pair in the group. In both cases, the increased 
standard derivation of 0 indicates a mixed population. 
The two smallest chromosomes of the group have distinct 
-arm ratios but similar lengths?! (Fig. 5). The standard 
deviation of z in the smaller sample is approximately the 
same as for chromosome 2, but that of 9 is larger. 
-Correlations between z and 9 were not significant at the 
-5 per cent level for each subject and chromosome measured. 
This computation was not carried out for chromosome 
=l owing to the unreliability of the estimate of 8. l 
-In computing z values for Fig. 5, the lengths relative 
to the total lengths of the eight chromosomes measured 
have been taken. The more customary measure is the 
length relative to the total length of the 22 autosomes plus 
the X chromosome. The effect of the restricted measure is 
to add a constant to the mean, and to change the standard 
- deviation. The size of this change depends on the relative 
size of the chromosome under consideration and the 
'.. chromosomes measured. In the present case it can be 
~~. ealeulated that the standard deviation of z for chromosome 
2 relative to the complete haploid set is underestimated 
by approximately 6 per cent. Values of 6 are unaffected 
by the scale of measurement of length. Correcting by the 
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autosome set only, as 


data published by Levan and Hsu gives relative lengths 
of 8-1 and 7-8 per cent for the first and second chromo- 
somes respectively. 

As chromosome 1 (and, to a certain extent, chromosome 
3) will give a spuriously low standard deviation of 0, the 
standard deviation of chromosome 2 (0-50) is taken. The 
value of 0-032 for the standard deviation of z is found by 
taking the value from Table 2 for both subjects and 
correcting for using a limited sample. The magnitude of 
this standard deviation is a measure of the efficiency of one 
of us in taking the observations, and relates only to that 
individual. The smaller the value, the more accurate will 
be the identification procedure, but over-scrupulous 
selection of material to reduce errors in those chromosomes 
which can be identified is no assurance that the standard 
deviation of other groups will be similarly reduced. 

The assumption of the normality of errors in z and 9 
permits the definition of tolerance regions for observed 
values about some assumed mean value for each chromo- 
some. If the scales are corrected so that 21=2/0-32 and 
61 = 0/0-050, 21 and 6! are independent normal values with 
unit variance and the tolerance regions are circles centred 
at the mean value. For 95 per cent and 99 per cent 
confidence the circles will have radii of 2-45 and 3-03 
respectively. These are the square roots of the corre- 
sponding percentage points of a chi-square distribution 
with 2 degrees of freedom. 

Taking the mean values of Levan and Hsu, this gives 
the 95 per cent tolerance regions depicted in Fig. 5. In 
fact, as these authors have pointed out, individual means 
within a group are probably displaced outwards from their 
trae value. 

The difficulties of identification are depicted in Fig. 5. 
The shaded regions denote areas of the (z? 0?) plane which 
are contained in one tolerance region only, and there 
would be cause to allocate a chromosome the point of which 
lay in such a region to the corresponding number. The 
remaining interior points would lie in the overlap of 2 
or more regions and if possible could be allocated by 
default. But with present techniques there seems no 
possibility of allocating within particular groups. 

An interesting feature of the diagram is that there are 
regions within the general regions of dispersion where _ 
An observation in one — 
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points are unlikely to be found. i 
of these regions suggests an abnormal chre 
Examination of further cells from the sam 
could confirm the deduction. If an ab 
effect of transforming th eal | 







It would obvious 
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female could be referred to a common plot As the X 
chromosome cannot be identified this 1s rmpossible, but 
the sexes can be compared ıf a correction factor 1s apphed 
to measurements from one sex to 1educe the estimated z 
values fo. chromosomes 1, 2 and 3 to a common value 
Similarly a correction value could be calculated for any 
abnormal idiogram with a gross change in total chromo- 
some length, for comparison with normal chromosomes 
In the case of many abnormalities this correction would 
be small and could be ignored 

it ıs suggested (1) That before any claim that an 
aberrant chromosome has been found ıs substantiated, 
the chromosome complement should be measured and the 
measurements specified, as the presentation of mdai idual 
idiograms can be misleading owmg to normal variations 

(2) That the exercise undertaken by many authors of 
pauing off chromosomes within a group 1s unnecessary 
and can be misleading and that the recommendation by 
the Denver study group that the X chromosome be 
separated fiom the 6-12 group 1s madvisable 

(3) That the presence of any sporadic and umque 
chromosome aberrations (for example, after irradiation) 
can be confirmed only by a system of allocation hke 
that described here Admittedly many aberrations will 
not be detected, but the practice of identifying them only 
by eye, although in fact depending on the same method, 
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has no value, as different workers may vary considerably 
m acuity of visual perception and powers of self-persuasion 
Note added in proof Since submitting this paper for 
publication, we have exammed the chromosomes of some 
other marsupial species, and find that, for short chromo- 
somos, both z and 9 errors are increased In the human 
chromosomes 19-22 and the Y chromosome will havo largor 
errors for z and 0 than chiomosomes 1-18+X This 
difference will be discussed in greater detail elsewhere” 
We thank the Victorian Department of Fisheries and 
Wild Life, which provided the anunals for this imvesti- 
gation, and Mrs J Uren, Misses B Lady, M Byrne and 
V Ferguson for assistance 
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EXTRACTS ON THE LIFE-SPAN OF 
RATS 


By Pror SYDNEY M FRIEDMAN and Pror CONSTANCE L. FRIEDMAN 


Department of Anatomy, University of British Columbia, Canada 


NVESTIGATIONS m the rat and m man have con- 
sistently shown a disturbance ın salt and water meta- 
bolism with age Detailed analysis of electiolyte partition 
in muscle in the old rat has shown that there is a gain of 
sodium both m cells and ın ther flud environment, a 
corresponding loss of potassium from cells, and a shift 
of water from cells to environment! Thuis type of salt 
and water distribution is also characteristic of a pre- 
ponderance of adrenal mineralo-cortical activity in rela- 
tion to the concurrent level of neurohypophysial function? 
In this relation, adrenal cortical activity may be sub- 
normal and still dommant if neurohypophysial function 1s 
ever lower ‘The failure of an mtracarotid mjection of 
hypertonic sodium chloride to elicit an appropriate anti- 
diuretic effect ın the old rat indicates that a decline in 
neurohypophysial responsiveness’ or effectiveness‘ does, 
in fact, obtam More recently, we have found that m such 
animals vasopressin. tends to restore salt and water distri- 
bution towards normal, and, mn association with this, 
improves their ability to perform work’ The effectiveness 
of vasopressin 1s enhanced by the concurrent administra- 
tion of a trace of aldosterone, suggesting that adrenal 
cortical function 1s also sub-normal in age 
Since the metabolism of salt and water plays so critical 
a part in the body economy, an improvement im the old 
rat sufficient to affect work performance might well be 
expected to produce a demonstrable effect on life-span 
The experiments recorded here were designed to test this 
Because the experrments were necessanly long and our 
colony of aged rats muted, these first investigations were 
confined to two posterior pituitary extractsonly Pitressin 
tannate in ol was selected as one test extract because of 
our previous experience of its effects and because of 1ts 
sustained action Whole posterior pituitary powder 
(USP, Armour) suspended ın saluie by sonic agitation 
(3 mg/ml) was selected as the second test extract to 
provide more complete neurohypophysial replacement 


This latte: extract was freshly prepared each week, and 
its potency assessed in terms of its pressor activity m the 
rat 

Male rats of an inbred Wistar strain 24 months old at 
the start of the expe1mment were used In this colony, 
rats of this age are clinically old and usually few survive 
more than another 6-8 months Two expermments were 
carried out In the first, 3 matched groups of 15 old rats 
were set out im imdividual cages One group remained 
untreated, a second received pitressin tannate and the 
third received posterior pituitary powder ın suspension 
The treated rats were given 100 mv/100 g three times 
weekly in either case This dose corresponds to 50 mu/ 
100 g/day which ıs the approximate replacement requue- 
ment for the rat with diabetes insipidus? In the second 
experiment, 2 matched groups of 16 were set out, the 
first to remam untreated and the second to receive 75 
mt/100 g of pitressin tannate plus the same amount of 
posterior pituitary powder thrice weekly The experi- 
ments were terminated arbitrarily , the first after 7 months, 
the second after 6 months In both, a control group of 
12 young rats, 4 months of age at the start, were mam- 
tained alongside the old groups Since nothing untoward 
occurred in these young groups and all survived the experi- 
ments ın good condition they will not be considered 
further No special or mdividual care was given to any 
anımal in these experiments 

Although obviously not objective, the weekly tech- 
nician’s reports, especially durimg the first 3 months of 
treatment, directed attention to the healthier appearance 
of anmmals 1ecerving the powder suspension The actual 
findings for the old animals are presented in Fig 1 
Objectively, posterior pituitary powder decreased the 
mortahty rate durmg an effective period of approximately 
4 months By contrast, only one mortality rate operated 
for both the untreated and pitressm-tannate-treated 
groups, and there 1s even a small suggestion that the 
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prolonged use of pitressin tannate may have been haimful 
The beneficial effect was sharpest ın the first experiment 
in which the larger dose of posterior pituitary powder and. 
no pitressm tannate was used Here the number of deaths 
in the untreated group 1 exceeded (P < 0012) those in 
the treated group 3 by the 135th day of the exper:ment 
and this difference was maintamed for almost one month 
In the second experiment, a simular absolute significance, 
that 1s, survivors/deaths, was reached ut the 130th day 
(P < 0026) but was quickly lost The concordance of 
the two experiments, of course, heightens the overall 
significance of the observations Although a definite 
logic dictated the use of whole posterior pitu:tary powder, 
we must bear m mind that the results obtamed with such 
a crude material might be due wholly to unrelated causes 

Since tieatment with a suspension of whole posterior 
pituitaly powder, imprecise as 1t was, temporarily reduced 
the death rate almost to zero over a span of appioximately 
3 months, more precise treatment should narrow the gap 
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between average and longest ndıvıdual life-span still 
further The addition of a trace of aldosterone, for 
example, 1s indicated and an investigation of this has now 
begun Certamly these, as well as previous beneficial 
results of therapy directed at the neurohypophysial— 
adrenal cortical integration, show that at least some of the 
phenomena associated with senescence can be delayed 
The question of how long such a delay can be maintamed 
remains open 

This work was suppoited by a grant from the Medical 
Reseaich Council of Canada 
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AGE RESISTANCE BY TURKEYS TO EIMERIA MELEAGRIMITIS TYZZER, 1929 
By E W WARREN, S J BALL and JOAN R FAGG 


Veterinary Pesearch Station, May and Baker, Ltd, Ongar, Essex 


CQUIRED immunity to Himerra spp 18 dependent 
on previous infection in both chickens and turkeys 
Howevei, turkeys also show an mnate immunity, age 
1esistance, to infections of Hwmerza meleagrvmatis’ and E 
adenoerdes? This phenomenon is not shown by 
chickens*-* So far, age resistance m turkeys has been 


demonstrated by showmg thet infections which are 
pathogenic to young poults are not pathogenic to older 
birds 

On. inspection of recent results obtamed in this labor- 
atory ın an attempt to obtam a clearer picture of this 
host—parasite relationship, the correlation between the 
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Table 1 SHOWING THE MEAN NUMBER OF OOCYSTS GIVEN AND PASSED 
FOR EACH SUB-GROUP 


Mean Mean No Mean No 


~ Age at Mean absolute of oocysts of oocysts 
Group* infection Sub- weight No of given/g passed as 
(days) greup (g) oocysts ody- millons 
given weight per bird 
pi 8 1 792 7,920 100 152 87 
2 82 2 23,280 288 145 30 
B 92 1 232 8 23,280 100 305 12 
a 2 238 8 60,280 255 192 78 
G 36 i §92 8 60,280 100 337 97 
2 5895 119,440 203 362 07 
D 50 i 1,194 4 119,440 160 220 16 
2 1,208 4 205,100 171 242 75 
E 64 1 2,051 205,100 100 344 85 


* Uninfected control groups not mcluded 


numbers of oocysts passed pei oocyst given (1eploductive 
index’) and age seemed to offer a useful critenion of 
resistance particularly when the number of oocysts give 
per gram body-weight was fauly constant i 

To examine this hypothesis the following experiment 
was performed At 14-day mtervals day-old poults of 
either sex were obtained from a commercial hatchery and 
maintamed free of extraneous infection as evinced by 
fecal examimation® twice a week, until 8 days (group A), 
22 days (group B), 36 days (group O), 50 days (group D) 
and 64 days (group Æ). All the birds were then weighed 
and, selected mto gioups by the method of Gardiner and 
Wehr’, the mam groups A—D having three sub-groups 
and mam gioup E having two sub-groups There were 
4—5 poults in each sub-group 

All birds of sub-groups 41-1, the experrmental series, 
were given, orally, 100 spoiulated oocysts of E melea- 
gims (the same strain as used previously by Ball and 
Warren?!) per gram body-weight according to the scheme 


20,000 
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Oocysts prssed/oocyst given 
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Fig 1 Relationship between the numbers of oocysts passed per oocyst 
given and the age of turkey poults infected with E meleagrimitis 
©, Means for sub-groups 1, x, means for sub-groups 2 
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Fig 2 The relationship (plotted on a log scale) between the numbers 


of oocysts passed per oocyst given and the age of turkey poults given 
100 sporulated oocysts of E meleagrimitis/g body-weight 


100 


shown in Table 1 Control sub-groups A2~—D2 received 
the average number of oocysts given to the sub-group m 
the experimental series, which was 14 days older than 
itself The oocyst dose of 100 per gram was selected in 
an attempt to mimimmuize any ‘crowding effects’™:!? The 
control groups, sub-groups A3-—D3 and #2 were the 
unmfected controls 

The poults were housed mdividually ın wire-floored 
cages, m one of two rooms with contfmuous artificial 
hghting and heated according to their requirements Un- 
medicated food and water were given ad hb From fow 
days after infection total oocyst counts’ were determmed 
at 24-h intervals for each imdividual poult until thirteen 
days after fection, when oocyst production ceased No 
oocysts were seen in the fæces of any of the uninfected 
control groups throughout the test The results are 
shown ın Table 1 and are plotted ın Fig 1, as age agaist 
oocysts passed per oocyst given Sub-groups ] are com- 
parable on the basis of a constant number of oocysts given 
per gram Sub-groups A2 and Bl, B2 and Cl, C2 and 
Di, and D2 and #1 are comparable on the basis of total 
numbers of oocysts given 

Age resistance 1s shown in sub-groups 1 by the fact that 
the reproductive mdex decreases with age If there were 
no age resistance, a horizontal lme would be expected ın 
Fig 1, and this was obtamed with a similar type of 
experiment usmg Æ acervulona infections m chickens, for 
which age resistance has not been postulated 

The graph for sub-groups 1 (Fig 1), showmg the mean 
number of oocysts passed per oocyst given plotted agamst 
age in days suggests a curved relationship of the type 


Y == an 


where y represents the mean number of oocysts passed 

per oocyst given and v represents age m days 
Transformed using logarithms (Fig 2), this gives a 

straight line of 

i Y = 3 545-1 251X 


the slope of which 1s significantly different fiom zero at 
P< 002 

We conclude from this that given a constant number 
of oocysts per gram, the log number of oocysts passed 
per oocyst given 1s mversely related to log age 

No relationship could be found within the sub-groups 
for either the reproductive mdex or the total number of 
oocysts passed when plotted against weight 
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Despite the older birds recervmg fewer oocysts per 
gram than the younger birds, a simular relationship (Fig 1) 
was found to hold for sub-groups 2 as for sub-groups 1 
If age resistance did not exist then ıt would be expected 
that the reproductive index for sub-group A2 would be 
the same as for sub-group B1 as they both received the 
same absolute number of oocysts, and similarly for sub- 
groups B2 and C1, C2 and D1, and D2 and H1 However, 
ın each case except for sub-group C2, the sub-groups 1 are 
above their corresponding sub-groups 2 receiving the same 
number of oocysts If age resistance were the only factor 
affecting the results of these comparable groups, then the 
reploductive index for sub-group 1 would be less than that 
of their sub-group 2, but this 1s not so This could be 
due to a ‘crowding effect’!+:!2 within the gut This pos- 
sibility is further supported by the fact that, although 
the falıng off of the reproductive index with age of the 
sub-groups 2 is similar to that for sub-groups 1, 16 18 less 
marked, which 1s probably due to the decreasing numbers 
of oocysts given per gram with age, so that the effects of 
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‘crowding’ become less in the older birds Presumably 
an arbitrary moculum of 100 oocysts per gram 1s too 
many to avoid overcrowding usmg this experimental 
design and fewer oocysts per gram might avoid this 

Inspection of previous results with Æ adenoerdes sug- 
gests that the above relationship may also hold for this 
species, but a test designed to examine this has not been 
attempted 
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ROLE OF NON-COVALENT BONDS FOR THE HOLDING, ACTIVATION 
AND RELEASE OF MITOCHONDRIAL ENZYMES 


By E EGGER and Pror. S RAPOPORT 


Physiologisch-Chemisches Institut, Humbolt-Universitat, Berlin 


ORK by us on latency, activation and release of 
mitochondrial enzymes has led us to a general 
conception of the relationship between ther holding and 
activity The maim pomts are as follows 
(1) The enzymes are ‘held’ in the mitochondrion, that 
is, fixed by various bonds m the mitochondrial structure 
(2) Release of an enzyme ıs brought about by the 
breakmg of non-covalent bonds If such bonds mask the 
active centre of an enzyme, the phenomenon of latency 1s 
observed; activation is the breaking of the masking bonds 
(3) Two types of mitochondrial enzymes may be dis- 
tinguished (a) Non-sessile enzymes, held by weak bonds, 
which may be broken by freezing and thawing Thereby 
such enzymes are released and, if previously latent, 
activated (b) Sessile enzymes, which are held by addı- 
tional types of bonds Activation of such enzymes is 
caused, by breaking masking bonds of the first type 
(4) Release and activation of enzymes are mdependent 
of mutochondrial swelling 
Examples of activation and release of some muto- 
chondrial enzymes are shown m Tables la and b 
It would appear that all types of non-covalent bonds, 
which occur m the protem molecule, may also play a part 
in the holdmg and masking of mitochondrial protems 
This is supported by our observations that the same 
conditions which affect the predommant breaking of such 
bonds also affect the mitochondrial enzymes 
(a) Role of wndazole bonding The release of any 
NADH,-cytochrome-c-oxydo-reductase from the mto- 
chondria of rat liver and the conversion of the enzyme in a 
soluble diaphorase depend on the breakmg of two 
mudazole bonds?*, which are responsible for the holding 
of the enzyme m the mitochondrion The breakage is 
caused by the iomzation of the umidazole group This 
conclusion was based on pH-dependence and heat of 
reaction inactivation of the enzyme The pH-dependence 
of the activation of mitochondrial mahe dehydrogenase 
follows an analogous course (Fig 14) Liberation of mito- 
chondrial protems shows likewise similar pH-dependence® 
(Fig 1B) 
The remarkable correspondence m the pH-dependence 
in all three types of processes would suggest that the 


umdazole bonds, which may be hydrogen bonds, are of 
general importance for holding and masking mitochondrial 
enzymes. 


Table la ACTIVATION AND RELEASE OF ENZYMES BY FREEZING AND THAW- 
ING RAT LIVER MITOCHONDRIA 















Activity * 


oeren Activity 
After m the 
No Fresh freezing final 
of mto- and Final super- 

! Enzyme exp | chondria | thawing | activity} | natantt 
Malic dehydrog 2 1092+ 60 |}48564108| 400412 | 906+43 
Glutamue dehydr 8 18894187195 54+28 1) 253432 | 862474 
Toota deh 

dependent} 8 86+31 | 181463 {21264 440| 747496 
f-Hydroxybuty- 

rate-dehydro- 

genase 2 1835+130; 227 +28 27449 07405 





* In gmol/g liver/h 

t In per cent of the imtial activity 

t Per cent of total final activity 

ie quitechendts were suspended im 0 16 M sodium chloride and frozen 
at — 


Table 1b ACTIVATION AND RELEASE OF ENZYMES BY FREEZING AND THAW- 
ING RAT LIVER MITOCHONDRIA IN SUCROSE AND SALINE 


Activity/mg protem 


Activity 
After in the 
chondria} Fresh | freezmg final 
suspen- | nuto- and Final super- 
ded in | chondria | thawing | activity* | natant t 


Mito- 


Enzyme 





*In per cent of the initial activity 

+ In per cent of the total final activity 

4 Activity in arbitrary units, followmg the method of Adams (ref 6) 

§ Activity in 10 amol SCN-/min 

Mitochondria were frozen at —40°C Statistical significance of acti ation 
ve proved by variance analysis, probatshties of error are given in the last 
column 
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Fig 1 (4) pH-dependence of activation and liberation of mitochondrial 


mahe dehydrogenase Incubation of mitochondria suspensions 
(a) 180 min at 25°, (b) 48 h at 0°, (c) activity in the supernatant of (b) 
(B) pH-dependence of liberation of mitochondrial proteins (ref 10) 
(full line, left scale) Mitochondria were meubated at 37° m 01 M 
phosphate buffer Values are the percentage of total mitochondrial 
proteins, released between 30 and 270 mim of incubation For 
comparison rate of inactivation of the mitochondrial NADH,- 
cytochrome c-oxydo-reductase at 0° 1s also shown (broken line right 
scale, the values are rate constants) 


(b) Pepizde-hydrogen bonds The importance of such 
bonds 1s suggested by the influence of urea In Fig 2a 1618 
shown. that activation and liberation of NADP-dependent 
iwocitrate dehydrogenase of rat lver mitochondna by 
freezing and thawmg may be enhanced by urea m low 
concentrations In other work it has been shown that 
the latent NADP-dependent isocitric dehydrogenase of 
rabbit reticulocytes may be activated and hberated by 
incubation with urea’ (Fig 2b) Liberation of muto- 
chondrial proteins by freezmg and thawing ıs hkewise 
greatly mereased by dilute urea solutions’ (Fig 2c). 

(c) Electromagnetic wnierachons and hydrophobic bonds 
The importance of these types of bonds 1s based on several 
observations Liberation of proteins, as well as activation 
and ielease of enzymes, is much greater m an 10nic, as 
compared with a non-ionic, medium The effect of 
freezmg and thawmg depends on both the temperature 
and the duration of storage m the frozen state (Fig 3) 
Here also are differences between 10m6 and non-ionic 
media In sodium chloride the liberation of protem 
mereases with lower temperatures, with sucrose the reverse 
18 the case 


NATURE 


241 


It may be assumed that this effect 1s caused by the inter- 
action of polar and hydrophobic bonds The stabihty of 
hydrophobic bonds, which are stabihzed by entropy 
effects’'*, decreases with lowe: temperatures, which may 
be the explanation for the effect of freezing and thawing 


to 
© 


m. 
© 





Isocitric dehydrogenase (amol NADP/h/mg protein) 
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a) 
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Fig 2 (a) Effect of urea on activation and liberation of NADP-dependent 
isocitric dehydrogenase from rat liver mitochondria by freezing and 
thawmg at —36° Upper curve, activity of the suspension, lower curve, 
activity of the supernatant 
(6) Effect of urea on the activation of NADP-dependent isocitric 
dehydrogenase in osmotic heemolysates of rabbit reticulocytes by short- 
time mecubation at 25° 
(c) Effect of urea on the release of proteins from rat liver mitochondria 
by freezing and thawing at ~ 36° 
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Fig 3 Effect of temperature and duration of storage in frozen state 
on the release of proteins from rat liver mitochond1ia in saline and in 
0 25 M sucrose (ref 11) 

——-, 0.16 M sodium chloride, ~~~, 0 25 M sucrose 


10 min 30 d 


The greater release ın salt media 1s presumably caused 
by the breakıng of both polar and hydrophobic bonds 
The fact that maxmnal liberation ın salt media requires 
extremely low temperatures suggests a certain stabilza- 
tion of the hydrophobic bonds by the ionic medium 
However, kinetic offects and modifications of the structure 
of 1ce may play a part An explanation on the basis 
of mechanical disruption of the mitochondiial membrane 
by 1¢ce crystals 1s difficult to magme 

Breakage of each type of bond may cause activation and 
release of a mitochondrial enzyme, greater liberation of 
proteins ıs observed when several effects are combmed 
(for example, urea plus freezing and thawing, salt plus 
freozmg and thawmg) This speaks m favour of the co- 
operation of various bonds in masking and holding of the 
mitochondrial enzymes Such bonds may be of importance 
for the sessile, as well as the non-sessile,-enzymes m the 
membrane as well as in the matrix of mitochondria 

Mitochondrial swelling, although sometimes concurrent 
with activation or release of enzymes, may be shown to be 
an independent process (Fig 4) Usually ıt has a lower 
time constant? 
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Fig 4 Activity of malic dehydrogenase in swollen and unswollen rat 
liver mitochondria Swelling 1s demonstrated by decrease of optical 
density before addition of NADH, Strong swelling results with phos- 
phate, no swelling with salicylate (ref 12) Salicylate medium, sucrose 
950, tris buffer pH 7425, sodium salicylate 5, oxaloacetate 1, phos- 
phaté medium, sucrose 250, tris buffer pH 74 25, phosphate buffer 
pH 74 25, oxaloacetate 1 (m mol/l ın the final test miature) 
x, Salicylate medium, ©, phosphate medium 


The question of permeability of the mitochondrial 
membrane will be considered elsewhere 
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FLUORESCENCE OF STYRENE HOMOPOLYMERS AND COPOLYMERS 
By Dr S. S YANARI and Dr F A. BOVEY* 


Central Research Department, Minnesota Mining and Manufacturing Co, St Paul, Minnesota 
AND 
Pror. R. LUMRY 


Department of Chemistry, University of Minnesota, Minneapolis 


HERE have boen no fundamental investigations of 

the fluorescence of synthetic high polymers in solution, 
although polymer fluorescence has received some attention 
as a complicating factor in hght-scattering measure- 
ments! The fluorescence of synthetic polymers, paiticu- 
larly polystyrene, ın the solid state has been examined 
chiefly in connexion with their performanco m scintuilla- 
tion devices, in which the polymer serves as solvent and 
energy donor? We have undertaken an mvestigation of 
the fluorescence of styrene homopolymers (both isotactic 
and ‘atactic’) and copolymers in dilute solution m the 


+ Present address Bell Telephone Laboratories, Ine , Murray Hull, New 
ersey 


hope of obtammg new information concerning both the 
transfer of onergy m large molecules and the conforma- 
tions of synthetic polymers We have also carried out a 
very limited investigation of the fluorescence of films of 
these polymers The results of the first part of this work 
are reported here 

In order to observe primarily those effects due to energy 
transfer within, rather than between, polymer molecules, 
we used dilute polymer solutions, ranging from 0 002 
per cent for polystyrene (about 2 x 10-4 M in styreno 
units) to 0 015 per cont for the copolymer contaiming the 
lowest proportion (16 mole per cent) of styrene These 
dilute solutions also have the decided advantage of having 
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optical densities no higher than about 0 05 at the absorp- 
tion maximum, thereby assuring that the exciting beam 
has a nearly uniform intensity within the sample cell 
Commercially available fluorescence spectrometers are 
unsuitable for the measurement of dilute solutions of 
simple benzenoid compounds, and therefore, with the 
assistance of Mr Dale Burling (University of Minnesota), 
we have constructed a highly sensitive apparatus suitable 
for the examination of substances which absorb below 
270 mu and have very low fluorescence quantum yields 
Briefly, it consists of a high-pressure xenon arc, the hght 
fiom which enters an excitation monochromator after 
bemg chopped mechanically at 150 c/s Monochromatic 
hght 13 focused on a 1-cm squaro quartz sample cell held 
in a rotatable hollowed turret through which water 1s 
circulated to maimtain a temperature of 200 + 01° 
The fluorescence 1s analysod at right angles to the exciting 
beam by an exit monochiomator, the output of which 1s 
focused on a 1P28 photomultipher The signal from the 
photomultiplier 1s fed to a two-stage ac amplifier peaked 
for 150 c/s Apparent excitation and fluorescence spectra 
aie recorded by synchronized wave-length and recorded 
chait drives Spectra were corrected for the combined 
effects of the wave-length response of the photo- 
multipher and attenuation of light by the analysing 
monochromator Quantum yields were calculated from the 
areas of the corrected fluorescence spectra, tryptophan im 
aqueous solution bemg employed as a quantum standard? 

The choice of suitable solvents 1s severely limuted by 
the solubility of the polymers and by the necessity of 
bemng essentially non-absorbmg and non-fluorescent from 
250 to 350 mu Cyclohexane (Eastman Kodak ‘Spectro’ 
giade) and 1,2-dichloroethane (Matheson ‘Spectroquality’) 
were found to bo satisfactory Most of our work was dono 
in tho latter 

Polystyrene, assumed to be ‘atactic’ or nealy so, was 
prepared in carbon tetrachloride, using stannic chloride as 
catalyst? The molecular weight was low (Mv approxm- 
ately 2 x 10%) (ef 4), facilitating solution in a variety of 
solvents Isotactic polystyrene was obtamed from 
Montecatini The proparation of polymethyl methacrylate 
and the styrene methyl methacrylate copolymers has 
been described’ The polymothyl methaciylate showed 
only an extremely weak fluorescence, such as might be 
expected from aromatic end groups arising from the ben- 
zoyl peroxide initiator Its probable that the fluoresconce 
behaviour of our polymors was not significantly influenced 
by the terminal groups due to imitiator Although these 
groups might quench benzene fluorescence, they are pre- 
sent in very low concentration 

Typical fluorescenco-emission spectra are shown mn 
Fig 1 which also contains the near-ultra-violet absorption 
spectra of solutions of ‘atactic’ polystyrene and 1sotactic 
polystyrene Toluene, the two forms of pure polystyrone 
polymer and the copolymers were found to give substanti- 
ally identical absorption spectra The emission spectia 
of toluene and the ‘atactic’ polymer were identical within 
error The most striking feature of the emission spectra 1s 
the appearance of a new band at 324 my. in the isotactic 
polystyirone spectrum This same band, but peaked at 
320 mu, 1s found in concentrated solutions of toluene or 
benzene and in the pure hquids, but not m p xylene’ 
These substances show concontration-independent absorp- 
tion spectra and the new band m toluene and benzene 
has boen attributed to a dimeric species formed between 
an excited phenyl rmg and one in the ground-state’ 
This species 1s called an excimer It does not appear, 
however, that proof of the existence of this species has 
been given, at least for benzene and toluene Since our 
polymers have identical absorption spectra, tho new band 
might be due to excimer formation For convenience, we 
shall henceforth call the dimeric or polymeric species 
responsible for the new band an excimer, realizing that 
this species may ultimately piove to be of a more com- 
plicated type 
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Absoiption and fluorescence spectra of ‘atactic’ and isotactic 


The 1ed band is developed in dilute solutions of isotactic 
polystyrene to about the same dogree as in very concen- 
trated solutions of benzene and ıt may be concluded that 
interaction between phenyl rings on the polymer is very 
efficient It is 1easonable to suppose that cach phenyl 
ring can form an excimer with, either of its nearest neigh- 
bours If so, congruent plane-to-plane contacts between 
phenyl rings are not necessary for excimer formation, 
since such contacts aro not possible ın isotactic poly- 
styrene 

In Table 1 the absolute quantum yields, Qr, the wave- 
lengths of maximum fluorescence emission, Amax, and the 
band-width of emission at half height aro given for toluene, 
‘atactic’ polystyrene and several copolymers of styrene 
and methyl methacrylate The most notable features of 
these fluorescence characteristics are the meciease in Q; 
with decreasing proportion of styrene, the imcrease m 
Amax With increasing styrene content and the increase in 
peak broadening with increasing styrene content The 
behaviour of Amax and of the peak width appcais to be duo 
to excimer formation here, too, since just these changes 
are observed in toluene solutions of increasing tolueno 
concentration However, the shift in Ama, 18 somewhat 
larger than might be expectcd on this basis and may be 
due in part to the increasing local polarizability as tho 
styrene content ıs increased 

Since the 324 my band was never detectable in these 
solutions, the number of pairs of phenyl rings able, by 
reasons of geometry or time, to form excimers must 
be much smaller than ın the case of isotactic polystyrene 
It 18 not possible to decide, on the basis of our data, 
whether the small amount of excimerfo1mation which does 
occur in these polymers 1s between adjacent phenyl rmgs 
on the polymer or between phenyl rings brought close 
together by close approach of two sections of polymer 
distant from each other along the polymer chain Both 
situations would seem to be possible, but the high efficiency 
of excimer formation ın 1sotactic polystyrene suggests 
that most excimers in the ‘atactic’ polystyrene and the 
copolymer aie formed between adjacent phenylrings If 
so, quantitative measurement of the paramotois of the 
emission. spectia will provide an index of the number of 
‘isotactic pans’ of such groups Of more utility, perhaps, 
would be the measurement of the 324 mp band as a simple 
criterion to distinguish between isotactic and ‘atactic’ 
polystyrene 

The absolute values of Qy, all but tolueno, as given in 
Table 1, would appear to be rehable within +10 per 
cent The Q; values for toluene solutions were e.ratic and 
will bear further study Care was taken to deoxygenate 
solutions by repeated freezing Tho decreaso of Qs m 
oxygen-free solutions can be seen to parallel the inci ease 
In Amax and thus presumably the increase in excimer 
formation in the excited state This suggests that the 
intrinsic lifetime of the excimer 1s significantly shorter 
than that of an isolated excited phenyl side-chain How- 
ever, Ivanova Mokeova and Sveshnikov® have reported 
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Table] FLUORESCENCE QUANTUM YIELDS (Qy) OF POLYSTYRENE, STYRENL 
METHYL METHACRYLATE COPOLYMERS AND TOLUENE (0 002-0 015 PER CENT 
IN 1,2-DICHLOROETHANE, 200+01°) 


Half-height 
Amax My width (ma) Na ÅT Os 
Polystyrene, ‘atactic’ 292 30 4 35 3 
Polystyrene, 1sotactic 324 47 15 07 
Styrene methyl 
methacrylate 
copolymers 
Styrene Mol 
methyl fraction 
metha- of styrene 
erylate im 
feed ratio copolymer 
75 25 69 288 28 5 4 3 
50 50 53 286 26 6 5 + 3 
25 75 33 286 26 10 $ 3 4 
10 90 16 285 25 12 85 55 
Toluene 281 26 842 3 


for benzene and toluene a longer lifetime and a larger 
fluorescence yield when exe:mer formation 1s increased 
by lowermg the temperature In contrast to our results, 
benzene solutions have larger Qr and presumably a longer 
fluorescence lifetime, the higher the benzene concentration 

It may be that the decrease in Qy for the polymer ıs a con- 
sequence of the close association of phenyl rings, which 
might make resonance-transfer mechanisms possible 

In such a situation the migration of the quantum along 
the random chain of phenyl rings could lead to enhanced 
inter-system crossmg to a non-radiative state, or, if 
traces of quenching agents still remained in these experi- 
ments, the efficiency of these substances could be enhanced 
by the rapid migration of quanta to a phenyl group already 
in contact with a quenching molecule’ 

It will be noted ın Table 1 that the efficiency of oxygen 
as a quencher decreases as styrene content mecereases 
Hence, there is no net enhancement of fluorescence quench- 
ing as conditions are made more favourable to resonance 
energy transfer There is fuithermore no evidence from 
absorption or emission spectra to indicate the presence of 
situations favourable to long-range migration of electronic 
quanta For example, there 1s no hypochromism in the 
spectra of ‘atactic’ or isotactic polystyrene From 
investigations of deoxyribonucleic acids? and helical 
polypoptides!*-4, hypochromism might be expected if 
the conditions for the occurience of exciton behaviour 
were present ın the polystyrenes We note also that 
Ivanova et al® have found self-quenching oven in pure 
toluene or benzene to be very inefficient 

Yot our experiments in systems with and without 
oxygen show that the Qr of both excited monomere side- 
chains and excimer formed from such side-chains decreases 
rapidly with increasing content of styrene Since these 
reductions in Qr presumably imply a reduction in fluores- 
cence lifetime and cannot be attributed to enhanced 
efficiency of quenching by external quenching agents, 
16 seems necessary to suppose that linkage of the phenyl 
groups to the polymer introduces a new internal quenching 
mechanism or that the natural hfetames of the exerted 
states of monomeric and dimeric side-chains are reduced 
by their lmkage to the polymer The reduction in hfe- 
time 18 proportional to the styrene content of the polymers 
Hence, isolated phenyl groups are not strongly influenced, 
although some change in these units may occur 

The predominant effect, however, appears to depend on 
the density of styrene units in the polymer Tho orienta- 
tion of these units governs the amount of oxcimer forma- 
tion but has only a secondary effect on the lfetime, sınco 
Table 1 shows that the fluorescence yield of 1sotactic 
polystyrene 1s reduced by only a factor of two when 
compared with Qy of ‘atactic’ polystyrene If quenchmg 
by terminal groups 1s unimportant, as seems probable at 
this time, ıt might be supposed that there 1s an electronic 
coupling between the phenyl side-chains mediated by the 
polymer backbone which enhances quenching of the first 
excited singlet state of the phenyl groups However, we 
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cannot suppose that the natural lifetime changes, since 
changes ın Qr would require a five-fold decrease ın lifetime 
passing from toluene to atactic’ polystyrene This change 
would require a very large decrease in area of the absorp- 
tion spectrum, which 1s not observed Hence, 1b is neces- 
sary to postulate a quenching process m the polymor 
not involving in a significant way the energy or crossing 
probabilities for low-lymg excited states, but rather a 
physical quenchmg dependent on the density of phenyl 
groups Apparently, the quenching process involves an 
approach. of phenyl rings in such a way that excimer 
formation does not occur, or, 1f 14 does occur, has little 
bearmg on the quenching reaction Such a process 
appears to be consistent with our several observations 
and particularly with the observation that the integrated 
area of the absorption band does not undergo any signifi- 
cant change with increasing styrene content The 
behaviour 1s mconsistent with the poor efficiency of self- 
quenching in hqutid benzene or toluene and thus appears 
to be peculiar to the polymers 

A preliminary investigation. of the fluorescence of poly- 
met films has also been carried out and provides informa- 
tion complementary to that supplied by solution spectra 
Films (about 2 em? in area) were propared by evaporating 
a 1,2-dichloroethane solution of the polymer on a ‘Spectro- 
sil’ plate, which was then placed diagonally in the cell 
compartment in such a way that the fluorescence was 
analysed from a direction opposite to that of the reflected 
hight Films of the copolymers containing the lowest 
proportions of styrene exhibited fluorescence spectra vory 
simular to those of the solutions However, the fluores- 
cence of the homopolymer film was very different fiom that 
of the solution, Amax being shifted to much longer wave- 
length The thinner the film, the more striking was the 
effect Thus, a film prepared from a solution contamuing 
025 mg of ‘atactic’ polymer per ml exhibited a Amax 
at about 320 mu, whereas a film prepared by evaporation 
of a solution containmg 2 0 mg/ml had a Amax at about 
310 mu The fluorescence spectra are evidently highly 
sensitive to differences of chain orientation occurring 
during evaporation 

We are continuing work with styrene polymers and 
other polymers contaimmg aromatic fluorophors We 
have also examined the fluorescence of a number of small 
molecule model compounds having aromatic rings stramed 
and oriented in various ways Investigations of styrene 
polymers may provide useful imformation about tho 
behaviour of excited states of benzene and related com- 
pounds Perhaps the most interesting result of this work 
1s the difference in fluorescence properties of concentrated 
solutions of benzene and the polymers of high styreno 
contont 

One of us (R L ) was supported by US Atomic Energy 
Commission contract AT (11-1) 894 
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CHARACTERISTIC BEHAVIOUR OF SOME CARBOXYLIC EXCHANGERS IN 
RELATION TO THE ABSORPTION AND DESORPTION OF 
POLYELECTROLYTES 


By Dr C S KNIGHT, V C. WEAVER and B N BROOK 
Whatman Research Laboratories, W and R Balston, Ltd, Springfield Mill, Maidstone, Kent 


LTHOUGH the usefulness of 10on-exchange celluloses 
for the isolation, purification and separation of large 
1ons 1s now established, the selection of a suitable deriva- 
tive for a particular purpose 1s still based on a relatively 
small amount of fundamental mformation It is known 
that desirable properties are imparted to 10n-exchange 
celluloses for use in the foregoing context by the physical 
and chemncal characteristics of the cellulosic structure 
Thus, cellulose exubits a very large surface area which 1s 
not dependent on macro-particle size In addition, the 
hydrophilic character of the cellulose molecule has the 
effect of enhancmg accessibility of the ion-exchange 
sites In. aqueous media Rapid rates of absorption and 
desorption, the latter under relatively muld conditions, 
are features of chromatography of large ions on selected 
1on-exchange cellulose derivatives 
This article 1s an attempt to correlate the absorption 
and desorption characteristics of some new cellulose 
derivatives with the chemical and physical characteristics 
of the products It has been found convenient to compare 
the performance of cellulose derivatives with that of 
corresponding derivatives of ‘Sephadex’ (cross-lmked 
dextran) and synthetic resin 
Crystalline msuln was selected for use m this mvestiga- 
tion. because of its availability ın pure form and rts well- 
characterized properties 
A standard solution was prepared by dissolving 1 0008 g 
of dry crystalline msulin in a mixture of 92 ml of 01 N 
hydrochloric acid and 100 ml of distilled water After 
solution the total volume was made up to 250 ml 
Table 1 lists the derivatives used in this investigation 
together with ther pioperties 


Table 1 CHARACTERISTICS OF SOME CARBOXYLIC EXCHANGFRS 


Ton-exchange 


Exchanger capacity Water regain Physical Ionie form 
m equiv /dry g form 
‘CMC (ay 0 25 160 H Powder Sodium 
1 60 Na 
‘CMC (by 10 178 H Powder Sodium 
2567 Na 
‘CMC (e)’ 45 171 H Powder Sodium 
3 35 Na 
‘OM Seph C 25’ 44 485 Na Powder Sodium 
‘CM Seph C 50’ 44 6 04H Powder Sodium 
19 8 Na 
‘Zeo Karb 226’ 10 08-1 0H Beads Hydrogen 


The exchangers were cycled thiough their sodium and 
hydrogen forms on a Buchner funnel usmg 05 N sodium 
hydroxide and 05 N hydrochloric acid and retained in 
thew hydrogen form Excess acid was removed by washing 
with de-ionized water until the filtrate was of neutral pH 
In the case of the cellulose and ‘Sephadex’ exchangers the 
samples were shaken with de-ionized water for a further 
24 h, filtered, and finally washed to neutral pH All the 
exchangers were retained for use ın a swollen state 

A calculated excess of standard msuln solution, the 
same for each sample, was .apidly added to a sample of 
exchanger (about 0 5 g) with contimuous sturrmg Filtered 
samples (1 ml) of the ambient solution were taken at 
timed mtervals Each sample was diluted with 5 ml 
de-ionized water and its ultra-violet absorption at 276 5 mu 
measured. 

The exchanger, saturated with insulin, was filtered off 
and washed with de-lonized water until free of excess 
msuln A calculated excess of 001 N hydrochloric acd 
was added rapidly to the exchanger with continuous 
stirring Filtered (1 ml) samples of the ambient solution 
were taken at timed mtervals, diluted with de-ionized 
water (5 ml) and their ultia-violet absorption measured 
at 276 5 my 

Any msulm still remamimg bound to the exchanger was 
removed by washng with 01 N sodium hydroxide 
Excess alkali was washed from the exchanger which 
was then reconverted to the hydrogen form, washed, 
dried and weighed 

A summary of the results obtamed on the carboxylic 
exchangers 1s recorded in Table 2 The significance of the 
measurements recorded in this table 1s as follows 

The fraction of the theoretical capacity used up by the 
absorbed msulin ıs dependent on the relative affinity of 
the exchanger for, and the accessibility of the exchanger 
to, the msulin 10n whereas the fraction of the absorbed 
insulin which 1s afterwards released is dependent only 
on the relative affinity of the exchanger for the insulin 

The tıme taken to complete 50 per cent of the absorption 
provides e convenient means of comparing the relative 
speeds of the absorption piocess on the different exchangers 
and provides an mdication of the part played by the 
accessibility factor m determming the fraction of the 
theoretical capacity used up durmg absorption 


Table 2 ABSORPTION OF INSULIN ON AND DESORPTION OF INSULIN FROM CARBOXYLIC EACHANGERS 





Insulin Absorption 


Insulin Desorption 


Ci a a teal aaa aaan 
nF eH Hinata detente P Tf A 





Nomimal Insulin Fraction of i t Insulin Fraction of | 
Derivative capacity absorbed theoretical Time taken to Order released absorbed Time taken to Order 
mequv/| Water | m equiv f capacity complete 50% of m equiv / insulin complete 50% 0 
dry g regain dry g used (%) reaction (min) | reaction dryg | released (%)| reaction (min) | reaction 
‘OCMC aY 0 25 i a H 0 072 29 | <1 0 072 100 <1 9 
to 
‘CMC (by 10 178 H 308 31 25 2 0 205 67 15 2 
257 Na | } 
‘CMC (ey 45 3 Hh x 0 521 12 30 | 25 ` 023 41 16 2 
a 
‘CM Seph C25] 44 485 Na | 0563 13 42 | 6-585 0170 30 20 4-225 
— mje 
‘COM Seph C 50° 47 604 H 0 680 15 20 15 5—4 0 367 54 28 7—8 
| 19 85 Na 25 -2 5 
‘Zeo Karb 226’ 10 $ Sn 0 040 O04 <i — 0 898 20 2 2 
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Fig 2 Desorption of msuim from carboxy he exchangers 


The water regain value, together with the relationship 
between the rates of absorption and desorption, mdicates 
the resistance of the system to changes ın volume with 
changing 1on1c form and hence to the dimensional stability 
of the exchanger 

The order of the reaction provides an indication of the 
manner m which the ion-exchange sites are disposed in 
the exchanger, an order of 2 being consistent with reaction 
at readily available surfaces 

The relative rates of absorption and desorption of 
msuln are further compared m Figs l and 2 

Cellulose, m its natural state, possesses a type of mole- 
cular structure which 1s able to confer unique characteris- 
tics on later derived ion-exchange materials In con- 
trast to various other types of synthetic 10n exchangers 
which offer a more or less uniform network of molecular 
pores, ıb ıs possible to prepare ion-exchange celluloses 
which are characterized by aggregates of polysaccharide 
chains ım various states of order and disorder, within and 
between which are located pores of widely differing size 
The largest pores are readily accessible even to poly- 
electrolytes At the same time the regions of higher order 
provide a supporting matrx which effectively controls 
expansion and contraction of the pore structure, enabling 
high accessibility to be combmed with high dimensional 
stability 

The results recorded in Table 2 reflect the fundamental 
structural differences between synthetic resin, cross- 
linked dextran and cellulose ion-exchange derivatives 
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It 1s significant that the experiments were cairied out 
using pre-cycled, undried exchangers Although the 
hydroxyl character of cellulose and dextran matrices 18 an 
asset in the appheation of these materials to large 10on 
investigations this same character necessitates special 
precautions in the use of the exchangers For example, 
mtermolecular hydrogen bonding mduced on drymg the 
exchangers tends to create maccessible regions in the 
structure It ıs because of this that ıt 1s necessary to 
pre-cycle the exchangers prior to use and to retain them 
ın a swollen. state 

The highly cross-lhnked, high capacity ‘Zeo Karb 226° 
with 1ts backbone of hydrophobic polymer chains is 
virtually maccessible to the insulm ion Exchange 1s 
confined to the near surface of the resin particles Thus, 
absorption of insulin, accounting for only 0 4 per cent of 
the nominal capacity of the exchanger, ıs completed m 
less than a minute Subsequent desorption of even this 
small amount of msulm at pH 2 ıs relatively slow and 
incomplete, however, due presumably to the de-swellmeg 
of the surface structure on conversion to the hydrogen 
form Low accessibility, low dimensional stabihty and 
resultant irreversible absorption combine to characterize 
the appheation of a synthetic resin of this type to problems 
involving msulim or larger ions 

In the ‘Sephadex’ 10n exchangers the hydrophobic 
backbone of the resm has been replaced by a hydrophilic 
structure The effect of this hydrophilic backbone on, the 
swelling of the exchanger ın aqueous media mereases the 
accessibility of the structure to large ions Thus, m 
spite of lower nominal capacities the ‘Sephadex’ ex- 
changers absorb larger quantities of msulm than the 
‘Zeo Karb 226’ (Table 2). Penetration of the msulm mto 
the mternal structure of the exchanger 1s reflected ın the 
slow rate of absorption The relatively low dimensional 
stability of the ‘Sephadex’ exchangers, however, results 
in an initial rapid absorption bemg followed by a relatively 
slow uptake of insulin as the exchanger de-swells Desorp- 
tion of msulm from the ‘Sephadex’ exchangers follows 
a pattern similar to the absorption ‘Sephadex C 50’ is 
more highly swollen than ‘Sephadex C 25’ and ıs also less 
stable dimensionally The effect of swelling changes on 
absorption and desorption of msulm 1s particularly 
marked with this exchanger The rate of desorption of 
insulin from Sephadex (.50’ ıs slower than that of the 
wutial absorption process for this reason 

In dextran-derrved exchangers, therefore, the occurrence 
of a hydrophilic backbone structure mereases the accessi- 
bility of the exchanger to msulm relative to that of a 
synthetic resin exchanger The retention of the more or 
less umform molecular porous network of a gel structure, 
however manifests itself m relatively large dimensional 
changes durmg absorption and desorption of large ions 
This effect ıs particularly pronounced in the higher swelling 
variants and leads to relatively slow kinetics, particularly 
durmg desorption A fraction of the insulin thus has 
the appearance of bemg preferentially held on the ex- 
changer 

Viewed im the foregoing context, cellulose exchangers 
differ ın their performance in bemg able to combine, by 
virtue of thew umque molecular structure, high accessi- 
bility with mgh dimensional stabihty The extent to 
which these characteristics are shown 1s dependent on the 
10n-exchange capacity of the exchanger as 18 indicated in 
Table 2 The percentage of insulin desorbed at pH 2 
from the ‘CMC’ variants shows that selectivity for insulin 
increases with increasing ion-exchange capacity The 
higher selectivity of ‘CMC (eY, however, is achieved at 
the expense of accessibility and kinetics Table 2 illus- 
trates the similarity between ‘CMC (c)’ and the ‘Sephadex’ 
exchangers im relation to selectivity for, and rates of 
absorption and desorption of, msulm A significant 
difference m performance 1s shown m Figs 1 and 2, how- 
ever ‘The Ingher dimensional stability of the cellulose 
exchanger gives rise to more regular rates of absorption 
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) rption of insulin. It is consequently easier to 
the more deapty Penotrated insulin from cellulose 


er features such as total absorption, capacity ang 
l ois oe same. 


: peat than that of the E 
hangers. The influence of this lower selectiv- 
i absorption. of insulin is compensated for by 
accessibility and faster kinetics on the 
acity ‘CMC’ variants. The performance of 
MCa and ‘CMC.(b) reflects those characteristics 
are. > peculiar to cellulose-based exchangers and 
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which could not be reproduced on the other pancala 
exchangers investigated. Rapid absorption and desorp- 
tion. relatively high accessibility and the lack of any- 
tendency for irreversible absorption even when maximum 
loadings are used are significant features arising from. the 
results recorded on these two exchangers. 

To sum up, therefore, the comparative results obtained 
in this investigation have indicated that although a hydro- 
npn matrix isa eera desirable toavare H an oa 










foatures at & mclootiae ievel A saahil tio , 
features has been found to exist in- selected elul ose 
exchangers. ae 

We thank the Directors of W. and R. Balston, Ltd., 
for permission to publish this work. 


LAVA TUNNELS AND SOME POSSIBLE GAS EFFECTS IN BUFUMBIRA 


By E. J. WAYLAND, C.B.E. 


AR -L A J. WILLIAMS'S account of “Lava Tunnels 
oes on Suswa Mountain, Kenya’! recalls records of 
similar phenomena in Bufumbira, the Uganda embay- 
ment of the remarkable Birunga voleanic field (Virunga 

of the Belgians) lying to the north of Lake Kivu in the 
-Western rift valley of East Africa. 
‘The following hitherto unpublished facts are embodied 
in the first of two field journals covering my prelimmary 
reconnaissance of the southern and western portions of the 
yee a eee Protectorate, undertaken more than forty years 


"sU nder the sub-head “4.4.19, Exploration of Kegezi 
Camp” it-is recorded. that a line drawn from the right 
front corner of the camp compound towards Bihungi 
and on to the highest peak of Chansi crater (Chansi and 

< Mount Mubavara appear to be one and the same) passes 
through a tall, conspicuous and solitary tree by the side 

of which is the mouth of a large lava cave, or tunnel, 
running below the flat surface of the ground. I went 
along this tunnel for about eighty yards, at which point 
it becomes very narrow, low, damp and infested with 
bats. Its direction parallels the strike of the high sedi- 

: mentary country to the east of it (8. 15° E.). In numerous 
Jaces lava tunnels have responded to structural control 
of strike and jointing) imposed by pre-lava rocks 
ee them. A case in pan is a by the 


























aereoa with plenty of haadeoom: ‘There are 
ft. of soft deposit on its floor (black at bottom and 
white. zone in the middle). A grindstone, 
eat age, was unearthed near the top 
olithic artefacts were near the bottom. 
atter was a a beautifully made ‘lunate’, almost 
elonging to the Wilton culture. 
d obvious that the tunnel was in a measure 
onsequent on differential chilling of flowing lava. 
amperature control at the ground beneath the molten 
and at the interface between the latter and the 
g air could provide the required primary conditions 
posing surfaces and, given a slope sufficient to prevent 


fied sheets of: itself. But this would not make a 


ald the stony sheets thicken and 
difficult to visualizan conditions in 


‘solidified and jointed zone above it. Such 


gnation, provide a temporary flowage of lava between. 


belch forth lava and all the products of seeming i 


Clearly, a factor conducive to tunnel production. im 
these circumstances would be a channelled ground surface 
disposed to increase the speed of lava flow toa maximum 
controlled by viscosity and temperature along its course, 
and indeed beyond its beginning to a starting point of lava 
movement until the source-supply was abolished by 
solidification or, more likely, by cessation, temporary or 
otherwise; but the channelled molten rock would continue. 
for a while, its onward journey, only to be frozen in its 
turn; a long gap, a tunnel. in fact, would thus appear 
between the proximal and distal portions of the once 
recalcitrant sub-surface lava stream. 

Apart from penecontemporaneous additions such as 
lava stalactites of which very few were seen m the Kegezi 
tunnel, its walls and roof are smooth. 

Old tunnel entrances are in most cases concealed by 
vegetation, and because they are unassociated with tit p 
heaps they are not easily found. The Duke Adolphus 
Ferdinand of Mecklenburg, who, with his exploring party, 
entered Birunga (Virunga) in 1907, states that: 

“Spacious caverns formed under the crust of the lava 
streams have remained to the present day. We searched 
around for them, and crept into some of them so as to 
inspect the interiors. The entrances mostly lie concealed. 
under shrubbery, and it occasionally takes a long time to 
find an opening.’”?. | 


One is moved to ask, “Have any of these tunnels been | E 


put to sustained use?”. At least one in Bufumbira has — 
functioned as a vault. It was seen to house an astonish- — 
ing number of human bones, some of which are’ deeply 
patinated and possibly of great antiquity. Tt is con- 
eeivable that they may have been collected as bones, from 
elsewhere. 

I was shown this communal mausoleum, for the place 3 
has imposing features, under oath of secrecy; nor was I 
permitted to remove any bones——an unfortunate restric- 
tion, for it became my practice to send all crania and pieces 
of human skull that I chanced to come across or to dis- 
cover to Sir Arthur Keith. 

I have visited the Bufumbira country and the Belgian 
Congo (Birunga) beyond it several times, but nineteen. 
years were to elapse after the first’ occasion before I was- 
privileged to behold lava tunnels in action, = ecco 

Mount Nyamlagira (summit 10,026 ft. above ESE at 
Mombasa and rising 5, 000 ft. above its base) a 
had awakened again, as it does from time: tc 










to which volcanoes are prone. J. Verhoogen, the vol 
logist, was flown out from Belgium to study the pheno- — 
mena’, and I, with similar intent, hurried. westward BoT 
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forth in two official volumes and several scientific papers*. 
_ There is a tendency for the tops of lava tunnels to drop 
in for a few yards from place to place, and in some cases 
for extended stretches to do so, thus producing lava rifts 
which have sometimes been wrongly attributed to tectonic 
activity. Commonly, however, in Birunga, bridge-like 
__ roof-remains provided chances to stand over the thalweg 
of a lava stream, thus to peer down and watch the incan- 
descent turmoil until driven away by unbearable heat. 
- Through one such opening on Nyamlagira the racing 
magma passed over a point where in other circumstances a 
small waterfall might have danced onwards, so to say, 
to the tune of its own music; but now molten lava poured 
over the site in ominous treacly silence. A rock tossed 
into the glowing stream occasioned no splash. It was 
rapidly absorbed and ceased to exist. 
- There are numerous large caves of one sort or another 
in Uganda. Some of them have been used for refuge 
-during tribal raids or wars; others, or the same caves at 
different times, for impounding cattle, but I was unable to 
discover that they had been utilized for either of these 
purposes in Bufumbira. In Birunga, on the other hand, 
to continue the Duke of Mecklenburg’s pronouncement: 
-“Fhese caves served the Wanjaruanda not seldom as 
secret lurking places Even as late as 1906 Captain von 
~ Grawert had arrows showered upon him from the mouth of 
~ one of these caves whilst engaged on a punitive expedition.” 
Some of the tunnels, I was told, were shunned by every- 
one, but I did not learn why this was so. Perhaps it was 
-for the same reason as certain of the Elgon caves were, and 
likely enough still are, avoided because of fear of revengeful 
wraiths or because they have been cursed by evil beings 
of malicious intent. In either case the result is said to be 
the same—-a distressing illness ending, more often than 
not, in death. 

„The supernatural or occult can be discredited. Not so 
the sickness, it seems, for it is claimed to follow inhalation 
-of certain airborne fungal spores. A similar explanation 
has on occasion been applied to ancient Egyptian tombs 
of sinister reputation. 





Fig. 1. A lava tunnel opened in four plaecs.by falls of roof, While 
three. of the openings emit vapour, the nearest shows a breach to an 
older tunnel below it. The vapour-giving lava stream appears to have 
entered the lower tunnel at a spot between the third and the nearest 


roof collapse 










Fig. 2. A lava stream in an open channel produced by lengthy collapse 
of a lava tunnel roof 


Williams writes: “Although the complete pattern of 
the Suswa tunnels is as yet unknown, it seems remark- 
able at first sight that they should have developed 
immediately above each other in successive lava flows. 
Such an arrangement is readily explained, however, 
because the dividing lava was thin, allowing the mobile 
central portion of the overlying flow to drain away through 
collapsed areas of its floor. Lava flow in open channels, if 
it ever oceurred, probably played only a minor part in 
the development of these features, and formation of the 
earliest tunnels probably depended on unusual circum- 
stances, such as extrusions of the lava over patches of 
hot ground which helped to keep portions of the flow 
mobile”. 

These may be unusual circumstances; certainly the 
claimed effect would scarcely have been anticipated. The 
patches of hot ground are unlikely to have been lineal 
unless they were themselves already channelled. Lava 
flows in open channels, by the way, are by no means 
unknown in the Bufumbira—Birunga field (Fig. 2). 

Lava tunnels in other widely flung voleanic terrains are 
well known: some are almost famous. Williams goes 
on to say that such openings “have not been reported from 
surrounding areas in the rift valley where many of the 
volcanic rocks are phonolites and soda trachytes” (like 
those of Mount Suswa ?). 

As already mentioned, the fluidity of a molten material 
depends in large measure on its viscosity: the higher the 
viscosity the lower the degree of fluidity of a lava, and the 


flatter the cone built of it. Nyamlagira, it may be men- 


tioned, is a flat cone. : 

In general the viscosity of a lava is a function of the 
percentage of its silica. Phonolite and trachyte are silica- 
rich (about 60 per cent aceording to the type) and would 
not be expected to display a propensity to tunnelling, 
except where the molten roek was so canalized that 
gravity hastened its progress while the upper and lower 
portions froze solid, after the manner already explained. 

Lavas would seem to havo a tendeney to. shrink on 
cooling. Hence the ‘moat’ to be seen on a number of 
voleanoes, Suswa included, surrounding more or less 
completely the consolidated lava columns which otherwise 
fill their craters. | be ge ae phe 
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: the gaping chasm, into a cushion of fine 
i black voleanie dust. No bones were broken. 


the surrounding moat, a solidified central 
lava column, compelled by gas or ascend- 


‘above the voleanic mass—like the spine of 
Mount Pelée. 


‘ing. lava. (setting aside for convenience 


yamlagira provides an instructive 
mple, and vividly I recall the occasion 

na small hut-like construction which 
ui been erected over a narrow part of the 
oat was suddenly and unexpectedly shot 
i the air, together with its occupant. by 
ason of a singular and powerful belch up 
he moat of hot gas and ‘steam’. This. 
nique missile landed, fortunately, clear of 





Owing to the comparative freedom of 
movement occasioned by the presence of 


ing magma, or by both, may rise high 


. But against thermal shrinkage in a cool- 


paramount glass production, obsidian, for 
example) one must place expansion result- 
ing. from crystallization of most of its con- 
stituents as they congregate to form 
mineral species. These opposing states 
(the introverted strain of shrinkage, or I.S., and the extro- 
verted strain of crystallization, or E.S., one might call 
them) will balance at one stage, or at a few stages only of 
the cooling process. 

Tf the top and bottom of a lava flow have solidified 


sufficiently to permit of tunnel-formation, surface effects 


may occur vertically above a stretch wherein the tunnel- 
lava has been halted and has filled all available space in 
its vicinity. Should crystallization begin concurrently 
with cooling (it will scarcely start impressively before 
it} no consequent surface phenomena will result, provided 
that the cooling and the crystallization proceed pari 
passu, and that the introvert and extrovert stresses 
cancel out (I.S. = E.S.). When E.S. is effectively greater 


that I.8. it will be reinforced from below in consequence of 


thrust occasioned by the unyielding bottom and a lineal 
awelling may appear at ground surface and split longi- 
tudinally. When E.S. is effectively less than I.S. a channel 
or a shallow lineal collapse may occur revealing no tunnel 
beneath it. 

‘The trace of a lava tunnel, or tube, is likely to have been 


the thalweg of a relatively flat valley-form hollow. Of 
no great. size but very much wider than the molten stream 


that later came to fashion a tunnel, the hollow-way or 


“valelet. may or may not have positioned a predisposing 


water channel in pre-lava days. In either event, the result 


= would have been very much the same. Had the lava filled 


much or all of the hollow-way, melt-chilling would have 






Fig. 3. Close view of nearest collapse depicted in Fig. 1 
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Fig. 4. Lava ‘slugs’ 


(AH photographs—unofficial—by the late A. D. Combe, of the[Geological Survey of Uganda) 


been vertically convergent and progressive, and a similar 
convergence would have operated laterally in accordance 
with lava thickness; so, too, with crystallization. Over 
the tunnel site E.S. would additionally operate slowly 
downwards, but it would not deform the roof-shape of 
the developing tunnel. None the less, a shallow linear 
sag might well appear at surface later to initiate another 
tunnel if and when a further copious lava spread occurred. 
Thus may one tunnel be superimposed, wholly or in part, 
above another. 

Williams writes of minor explosions caused by the com- 
bustion of gases generated from inundated vegetation. 
Nothing appears to be known of this phenomenon in the 
Bufumbira—Birunga field, but in this category perhaps 
may be placed some obscene-looking bubbloid excres- 
cences, suggestive of connubial slugs of enormous pro- 
portions, occurring on Nyamlagira and some associated 
volcanoes. When first I clambered on to one of the 
‘slugs’ I crashed through the top of it; but not to descend. 
as momentarily I feared I should, into an inferno below, 
but to solid ground at about 4 ft. 6 in. (Fig. 4). 

There is much evidence of true volcanic explosion and 
gas activity in Bufumbira—Birunga. The followimg is 
extracted from my notes of April 3, 1919. 

“Near Chanse crater there are many hummocks of lava 
without craters which require explanation. They suggest 
bubbles, but are up to 20 ft. in height; each has a base 
diameter of about three times the vertical measurement.” 
Much bigger examples were later discovered, some 
breached to the base by emergent lava. 

Tt was later discovered that these mamilliform. excres- 
sions are not formed from lava but made up of ash and 
scoriæ of extremely frothy and pumiceous lava. Although 
not titanic bubbles, they represent a phase of an explosive 
episode. Thus they differ widely from the mamelons of 
Reunion Island and some of the puys of the Auvergne, 
to quote two well-known examples of lava plugs. 3 

There is evidence in plenty that explosive voleanic 
action was widely developed in the Bufumbira~—Birunga 
field. Indeed, it appears to have been the initial stage of 
the voleanicity. : 

1 Nature, 199, 348 (1963). . 


Adolphus, Duke of Mecklenburg, In the Heart of Africa, 119 (London, 
1910). | ; 7 
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een known for many years'-* that two quite 
t configurations of atoms can show the same 
scattering pattern. Equivalently the Patterson 
omic vector diagram can have two oqually good 
tive. solutions. Such solutions are homometric. 
ighted periodic or non-periodic homometric pairs of 


< -point sets (that is, sets with Dirac 8-functions of positive 
= -integral weight z; at points x;) exist in any number m of 
- dimensions*4; it is known’ that if two sets each of total 

. Weight. Z (assumed integral) constitute a homometric pair 


- ing dimensions they may be used to derive non-trivial 


eee homometrie pairs of weight Z in m > q dimensions and it 
a has been shown‘ that they may also be used to generate 
<- homometric multiplets with 2* members (that is, of order 


24) and weight Z! in m > qs dimensions. The investiga- 


tion of one-dimensional homometric multiplets therefore 
has an important bearing on multiple solutions of X-ray 
data in 3 dimensions. 

In one dimension it is now known? that homometric 
r-tuplets exist for sets of n + r points of equal weight for 
arbitrary n,r > 2. It follows: (1) that there are sets which 
constitute homometric multiplets of order Z-2 for every 
4 24; (2) that there are, therefore, multiplets of arbi- 
trarily large order, that is, it is possible to construct 
one dimensional vector sets with as many equally good 
solutions as one pleases. From multiplets of order r 
and weight Z in one dimension can be constructed multi- 
plets of order r™ and weight Zm in m dimensions. It is 
evident here that although the maximum order of a multi- 
plet.is. without limit tho large order is achieved only at 
the expense of increasing the total weight Z—and this 
proves to be true whether this is done by inercasing the 
total number of points N, or their individual weights z;, 


~ Or both. 
> It has been proved by mo that for a given total integral 


oe weight Z the maximum order R of any multiplet of point 


gets is bounded above. 
< (eontinuous’) 8-function point sets and vector sets 
. restricts the available solutions of the latter to ones approx - 
imately conforming to the known physical characteristics 


In so far as the restriction to 


Of a system of discrete atoms of positive density the 
existence of the number R demonstrates the existence 
=: under these physical constraints of a solution (albeit 
possibly still multiple) of tho ‘phase problem’. In contrast 
~. It-has: been proved that, if solutions arc restricted only 












for example, by the direct. determination of a few phases. 


by a condition of continuity, R does not exist and the 


imum multiplicity is not bounded: a further condition 
t solutions be everywhere positive is not of itself then 
icient to imply the existence of R. Since R exists for 
ion. point sets and, as noted here, is > Z-2, R 
nereasing function of Z for these sets. Clearly it is 


determined by X-ray diffraction to know how 
creases with Z: it is also important to know how 
cod by the additional constraints offerod by 
try, or by other physico-chemical information, or, 











~The chance of any structure occurring in Nature 
being one of several homometric alternatives is probably 
very small; but errors in observed intonsities and from 


their finite number could mean that for large enough 


Z the observed Patterson diagram differs from a vector 
diagram with multiple solutions by less than the uncer- 
tainty in the observed diagram. We shall need to know 


_ more about the dependence on the number Z of each of 





ortant for the assessment of the validity of erystal - 
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the errors in Patterson peak positions, of R, and of the 
number Q(r, Z) of vector sets with precisely r solutions, 
to form a valid conclusion; but the fact that R > Z-2 
suggests how dependent on other physico-chemical 
information may be the structures of large molecules — 
elucidated by X-rays. In particular it seems at least 
possible that, because any observed vector diagram 
probably ‘almost always’ has a unique solution, that l 
solution would always be obtained by any routine method 
of solution at the expense of a possibly very different 
solution equally acceptable when the error in the observed 
intensities is inchided. 

The practical implications of the dependence of R on 
4 when the only constraints are those offered by 3-function 
point sets must be drawn cautiously. Nevertheless it 
scems of sufficient interest to report that, for one-dimen- 
sional sets of Z points of equal weight, R is almost cer- 
tainly not asymptotically equal to Z-2 as it was earlier 
thought to be’. Indeed, the brief remark in the earlier 
paper? must be withdrawn because it is in fact easy to 
construct multiplets of equal points for which r increases 
not as Z but essentially as Z2. It can be proved that 
# = l for Z < 4; R(4) = 2 and R(5) = 3; but R(6) > 5 
as the example (2) below shows and its precise value is 
not known. 

One of the only two families of pairs which can be 
constructed for Z = 4 is the periodic pair with co-ordin- 
ates? ; 

S, = (0, 1/13, 3/13, 9/13}; S, = (0, 1/13, 4/13, 6/13) (1) 
with a unit cell of unit length and each point chosen for 
convenience with unit weight. This pair has a remarkable 
vector diagram consisting of 12 points of unit weight at 
1/13, 2/13. ..., 12/13, and with a point of weight 4 at 
the origin. For Z = 6 the following analogous pontuplet : 


S, = (0, 1/31, 3/31, 8/31, 12/31, 18/31) 

S, = (0, 1/31, 4/31, 6/31, 13/31, 21/31) 

S, = (0, 1/31, 8/31, 11/31, 13/31, 17/31) (2) 
S, = (0, 1/31, 4/31, 10/31, 12/31, 17/31) 


sS: = (0, 1/31, 3/31, 10/31, 14/31, 26/31) 


exists; the vector diagram has a zero vector of weight 6 
and vectors of unit weight at 1/31, 2/31, .. . 30/31. — 
The order r of this type of multiplet seems to increase 
about as Z2/10. I have calculated them for Z = 3, 4, 5, 
6, 8, 9, 10, 12, 14, 17 and find corresponding multiplet 
orders y = 1, 2, 1, 5, 6, 4, 6, 18, 20, 6; r = 0 for Z = 7, 
that is, there is no set at all of this type. It is not clear 
from this that r is even an increasing function of Z: 
however, each r satisfies the remarkable formula: _ 


(3) 
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the normal order of r 1s (probably) at least ~ Z?/n%h and 
could be slightly Ingher if the numbers M contain a 
high density of primes for which 9(M) = 2? — Z 
Examples are Z = 18, M = 307 prime and r (probably) 
51, or Z = 42, M = 1723 prime and (probably) 287, or 
Z = 60, M = 3541] prime and r (probably) 590 

These sets are somewhat divorced from reality because 
they show a dearth of short bonds (it would be interesting 
to know the reduction in R if pomt sets are required to 
satisfy additional conditions on the relative distribution 
of vector magnitudes) , but this apart they seem important 
to me because. (1) they show distributions of vectors 
spread uniformly over the unit cell and except for the 
dearth of short bonds and especially when convoluted’ 
with a (Gaussian or other) peak of finite width approximate 
to the featureless vector diagrams of many organic mole- 
cules, (2) any particular homometric multiplet of weight 
Z and order r ıs a degenerate example of a large class of 
multiplets of weight ZZ, (> Z) and order r (ref 6), 
(3) they seem capable of giving a clearer idea of ‘what 
sort’ of multiplicity r of solution we can expect for large 
values of Z We may add that these particular sets have 
considerable number theoretic interest, they all constitute 
examples of ‘finite projective geometries’ and as such were 
first exammed by Simger’? to whose key theorem my 
method of calculation of the ‘multiplets for Z = 8, j 
17 1s essentially due Singer himself also calculated somo 
of these sets and in effect conjectured the 1omarkable 
formula (3) 

Examination of some of these sets suggests that each 
can exist when and only when all its points have equal 
weight In this they show some indication of achieving 
an optimum arrangement with maximum multiplicity 
so that (3) may mdeed be the precise value of R when 
Z = pk + 1 On the other hand, if the points can tako 
on unequal weights the possibility for multipheity with a 
fixed number N of points is enormously increased 
it has already been reported* that homometric pairs of 
sets of the same or different unequal weights can then 
exist, but we must add here that multiplets of only threo 
points exist and with order as large as one likes Agen 
the order can be increased only at the expense of mernas- 
ing Z, the total (positive) integral weight of the 3 pomts 
This example indeed is only of theoretical interest since 
typical data are 7 = 2, Z = 168,12 = 3, Z = 1157,7 = 
4, Z = 8088, and Z @ =r +1) 87x Zr = 7,4) 
but from it can be constructed almost homometric multi- 
plets with integral weights of practical significance More- 
over with larger numbers of points we might expect 
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simular behaviour for a smaller average weight of each 
point 

If rational non-integral individual weights are per- 
mitted multiplets of arbitrary order and three pomts can 
be constructed for any Z one cares to choose As the ordor 
increases for any fixed Z, solutions remaim discrete but 
become progressively ‘closer? From these can be con- 
structed, of course, homometric multiplets of three Gaus- 
sian (say) functions of arbitrary order and with different 
total non-integral density in each comparable ‘atom’ 
if the atoms are not restricted to pre-assigned or similar 
shapes possibilities of multipheity agai imcrease This 
again forcibly ulustrates the fundamental umportance of 
approximately positive integral (or at least positive and 
finitely discrete) atomic numbers and essentially spacially 
discrete atoms of simular or a priort known shapes to tho 
existence of a solution of the phase problem It 1s easily 
proved that all continuous periodic sets can be deformed 
continuously to continuous sets by infinitesimal deforma- 
tions which leave their convolution stationary, and even 
by finite deformations other than simple finite translations 
which leave their convolution invariant ıt follows that 
R does not exist in this case In contrast ıt has been 
proved that it ıs never possible to deform a non-negativo 
point set of integrally weighted 5-functions continuously 
by other than translation and leave 1ts vector diagram 
unchanged Indeed. mn this case a majority (in some 
sense) of sets of data have a unique solution (with tho 
necessary corollary that a unique phase determining 
method then exists) Nevertheless even in this very 
restricted but practically important case there remain 
multiple solutions of arbitrary order some of which aro 
reported here, and if the restriction to atoms of the same 
shape 1s removed so that they cannot be represented by 
5-functions the theoretical possibility of the existence of 
multiplets of an at least enumerably infinite order has 
still to be excluded This might put some limitation on 
the validity of the determmation of peak shapes and 
thermal motion by X-rays It would be interesting to 
know what mmmal sots Gf any) of conditions implicit 
in the physical situation are sufficient for the proof of the 
existence of an always unique or at most boundedliv 
multiple solution of the X-ray ‘phase problem’ 
1 Pauling, L , and Shappell, M D, Z Erst , 75, 128 (1930) 
2 Patterson, A L , Nature, 143, 939 (1939) 
2 Patterson, A L , Phys Rev , 85, 195 (1944) 
1 Bullough, R K (Qn preparation) 
£6 Bullough, R K , Acta Cryst ,14, 257 (1961) 
* Bullough, R K , Acta Cryst (in the press) 
T Sınger, J , Trans Ame Math Soc 48, 377 (1938) 
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N 18691! Maxwell stated the theorem “In any system 
of points m equilibrium in a plane under the action of 
repulsions and attractions, the sum of the products of 
each attraction, multiphed by the distance of the poimts 
between which ıb acts, is equal to the sum of the products 
of the repulsions multiplied each by the distance of the 
pomts between which ıt acts? He apphed this theorem 
to plane pm-jomted frameworks as follows ‘In a plane 
frame, loaded, with weights m any manner, and supported 
by vertical thrusts, each weight must be regarded as 
attracted towards a horizontal base lme, and each 
support of the frame as repelled from that hne Hence 
the following rule 
“Multiply each load by the height of the point at 
which ıt acts, and each tension by the length of the 
piece on which it acts, and add all these products 
together 


“Then multiply the vertical pressure on the supports 
of the frame each by the height at which ıt acts, and each 
pressure by the length of the piece on which it acts, and 
add the products together This sum will be equal to the 
former sum If the thrusts which support the frame are 
not vertical, the horizontal components must be treated 
as tensions or pressures borne by the foundations of the 
structure, or by the Earth itself 

“The rmportance of this theorem to the engineer arises 
from the circumstance that the strength of a piece 1s m 
general proportional to its section, so that if the strength 
of each piece ıs proportional to the stress which it has to 
bear, 1ts weight will be proportional to the product of the 
stress multiphed by the length of the piece Hence these 
sums of products give an estimate of the total quantity 
of material which must be used ın sustaining tension and, 
pressure respectively ” 
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Maxwell proved the theorem applied to frames by an 
argument using the concept of virtual work 

In 1904? Michell deduced from Maxwell’s theorem 
that “A frame therefore attains the mut of economy of 
material possible in any frame structure unde: the same 
apphed forces, if the space occupied by 16 can be sub- 
jected to an appropriate small deformation, such that the 
strams ın all the bars of the frame are mcreased by equal 
fractions of their lengths, not less than the fractional 
change of length of any element of the space” 

In the followmg paragraphs Michell’s theory ıs explamed 
m modified form by means of the principle of virtual work, 
which. 1s first explamed in detail 

If any system of forces in equilibrium is umagined to be 
subjected to any system of displacements which 1s com- 
patible with the geometry of the force system, the net 
work done during the imagmary process 1s zero This 1s 
the principle of virtual work and 1t depends on the law 
of conservation of energy Appheation of the principle 
to frameworks 1s, perhaps, most easily appreciated by 
reference to pin-jomted frameworks Each joint of a 
loaded, framework is m equilhbrium under the influence 
of forces exerted by bars and external forces (loads or 
reactions), so that for an arbitrary ımagınary or virtual 
displacement of a jomt which 1s compatible with the 
geometry of the loaded framework 


SfAn + =FAz = 0 (1) 


where f 1s the force exerted by any bar connected to the 
joint, F 1s an external force acting on the joint, Ag and 
Az are the components of the virtual displacement of the 
jomt in the hne of a bar and external force, respectively, 
and the summations embrace every bar and external force 
at the jomt It should be noted that the products fAs 
and F Ay are positive when the sense of the force and 
displacement component is the same Also the limit on 
the nature of virtual displacements 1s set by the condi- 
tion of thew interrelation on the basis of the geometry 
of the loaded framework, that 1s, they must not be such 
that gross distor tion of the loaded framework is implied 

The virtual work equations of all the joints of a frame- 
work may be added to give the virtual work equation of 
the whole, as follows 


—Sifel + Fed = 0 (2) 


in which the summations include all bars and all external 
forces, respectively Now the virtual work of the bars 1s 
expressed m terms of their forces and virtual changes in 
length, el, where e 1s a small fraction and the minus sign 
in equation (2) 1s to denote work done on a bar when ıb 18 
subjected to a virtual change in length of the same sign 
as the force which ıt exerts, for example, virtual extension 
of a bar m tension The virtual displacements of the 
external forces F (loads and reactions), ed, are ın the form 
of a fraction e times a length d which specifies the point of 
application of the respective force 

Consideration of equation (2) mdicates that if the system 
of virtual displacements of a framework 1s such that the 
loaded framework 1s mmagined to shrmk uniformly so 
that the same fraction e 18 applicable throughout, then 


Xfi ='5Fd (3) 


This ıs ın accordance with Maxwell’s concept for the 
purpose of proving his theorem applied to frameworks, as 
set out m the first paragraph 

It 1s clear that for a definite system of loads and reactions 
the points of application of which are defined, the quantity 
on the right-hand side of equation (3) 1s constant, say, C 
An infinite variety of structures can, however, be used to 
transmut the loads and the fact that Xf? 1s the same for 
all of them 1s the salient feature of the analysis in relation 
to the least-weight aspect 

Michell writes equation (3) here as follows 


2falp — Ufglg = C (= fl) (4) 
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where now fp 1s the numerical value of the tension in any 
tie bar of length lp and fg 1s the numerical value of the 
thrust ın any strut of length J, Ho then goes on to say 
that if P ıs the gieatest allowable tensile stress and Q 
is the greatest allowable compressive stress, the least 
volume of matonal ın any frame (among those suitable for 
withstanding the specified system of loads and reactions) 
consistent with security 1s 
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V = ee + id (5) 


The condition for V to be a mmiumum is the same as that 
for the expression 


2PQV — (P — Q)C (6) 


to be a mmunum because V 1s the only variable Substitu- 
tion from equations (4) and (5) ın (6) shows, however, 
that V 1s a mmimum when 


(P + Q){Zfolp + x fala} (7) 


is least Thatis, V ıs least when the arithmetical sum of 
the products of lengths of bars and their forces 1s least 
This means that of all the frames which could be con- 
structed m the space bounded by the points of application 
of the loads and the reactions, that which has the least 
volume of material has the smailest arithmetical sum of 
bar force and length products (This condition follows 
directly from equation (5) if P = Q) 

Michell proceeds to derive the condition for Ufpla+ Lfgle 
to be least His method 1s rather tortuous and abstract 
and 1t 1s replaced here by what ıs believed to be a more 
practical, if less general, approach 

Confinmg attention to the problem of the framework 
with the least volume of material to support a specified 
system of loads acting at specified pomts, with the aid of a 
specified system of reactions, the ‘space’ available is 
defined by the pomts of application of the loads and 
reactions Now the virtual work of the loads and reactions 
due to specified virtual displacements of ther pomts of 
application causing virtual displacements throughout the 
structural space such that no bar suffers a change of strain 
numerically greater than e 18 a definite quantity W The 
virtual work of the bars of any framework in the space 
for which the virtual displacements are compatible with 
those specified for the loads and reactions must then be 
equal to W, ın spite of the fact that the number of bars 
and geometry of each possible frame are different Thus 


W = Xefl (8) 


(where the summation 1s, of course, carried out algebraic- 
ally taking account of the signs of e and f and meludes all 
bars) for each of all posmble frames within the limits 
of the space 

Having regard to equation (8), ıt appears that the frame- 
works for which each of the terms efl (e < £) has the same 
sign, that is, ties subjected to virtual extensions, struts to 
virtual contractions, make up the range of frameworks with 
the smaller values of Ufplp + Efla = Elf If, m addı- 
tion, all the virtual strains of the bars can be increases 
of the same amount s, 1t follows that Dfplp + Ufgle = Wie 
18 the smallest possible value This means that a freme- 
work attans the limit of economy of matenal possible m 
any framework subjected to the same system of applied 
forces with specified pomts of apphcation, 1f the co-ordin- 
ates of its jomts with reference to any specified orngin 
can be rmagmed subjected to small changes such that the 
strains of all the bars receive equal virtual increases (It ıs 
emphasized that stram ıs defined as a fraction an merease 
of stram implies additional extension or contraction 
depending on whether the bar functions as a tie or a 
strut) Although the analysis is presented with reference 
to plane pin-jointed frameworks the implications appear 
to be quite general 


2 Se: Papers, 2, 175 (1869) 
2 Phl Mag , 6th Ser , 589 (1904) 
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LETTERS TO THE EDITOR 


PHYSICS 


Kaliman’s Bipolar Negative Resistor 


KALLMAN has described a bipolar negative resistance 
element usmg a few grains’? or thm layers? of semi- 
conductor material Later? he describes a technique 
using “plain iron wire’ The purpose of this com- 
munication 1s to emphasize the elegant simplicity of the 
latter method, it 1s found possible to demonstrate many 
of his results m less than 1 h, using only readily available 
materials 

About 60 cm of 20s w g soft won wire was cleaned with 
metal polish, and heated in air by a current transformer 
to just below red heat (judged ın somi-darkness) After 
25 min heating, the wire was removed, cut m half and 
connected to a ‘Tektronix’ type 575 transistor-curve 
tracer The wires were arianged to cross and touch 
lightly 

After suitable adjustment of contact position and 
pressure, a curve (Fig 1) was obtamed A rounded 
turnove: at +48 V and 03 mamp 1s indicated followed 
by a negative resistance region up to 0 7mamp A slope 
resistance of about —1 0 kQ ıs obtamed Further adjust- 
ment produced Fig 2, where the turnover is at about 
+55 V and 02m amp, followed by a negative resistance 
region up to 07 mamp A slope rosistance of about 
—17 kQ ts indicated, together with a burst of oscillation 
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presumably due to energy storage circuits Within the 
curve tracer bemg maimtaimed in self-oscillation at the 
most active part of the negative resistance characteristic 
Both curves were taken with a 20 kQ Irmiting resistance, 
the scales being 0 56 V/div horizontally and 0 2m amp/div 
vertically The sweep voltage was a full-wave rectified 
50 c/s smewave 

It was observed that a negative slope region could 
sometimes be formed from an all-positive-slope charac- 
teristic by suitable adjustment of the sweep drive, and 
that the negative slope could usually be destroyed by an 
increase of drive Kallman implies? that his characteris- 
tics were displayed with 1 2-ke/s smewaves often gated to 
60/sec 15 per cent duty factor so as to mmumuze heating 

With the simple arrangement described here the 
characteristics shown were not as easily or stably produced 
or reproduced as suggested by Kallman, but the use of 
thinner wire (Kallman used 0-010 ın diam ) and a simple 
jig for adyusting the contact point and pressure should give 
a great improvement 


H B § BRABHAM 


The General Electric Co, Ltd, 
Electronics Research Laboratories, 
Hirst Research Centre, 
Wembley, Middiesex 
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Ultrasonic Excitation of Nuclear Magnetic 
Resonance of the Copper-63 and Copper-65 
Nuclei in a Single Crystal of Copper 


THIS communication reports the observation of the 
ultrasome excitation of nuclear magnetic resonance m a 
metal smgle crystal Usmg the direct method of Bolef 
and Menes! ıt has been found possible to detect the 
additional attenuation of an ultrasonic wave due to the 
nuclear spm-level transitions for both copper-65 and 
copper-63 nuclei in a copper single crystal 

The specimen was m the form of a half centumetre 
copper cube of purity 99 999 per cent, the cubic faces 
beng ahgned along the [100], [010] and [001] directions 
Because of 1ts igh electromechanical efficiency and good 
acoustic impedance match to copper, a barium-titanate 
ceramic {80 per cent BaTiO, 12 per cent PbTiO, and 
8 per cent CaTi0,) (refs 2 and 3) transducer was used 
This was m the form of a 0 47-cm disk, plated on one flat 
surface The fundamental thickness resonance frequency 
of the transduce: was 50 Mc/s and it was possible to 
detect mechanical resonances of the specimen ovel & 
bandwidth of 4 Mc/s (ref 3) 

The specimen was coupled mto a Pound Kmght 
Watkins marginal oscillator‘ usmg a double tuned trans- 
former similar to that utilized by Bolef and Menes! 
The magnetic field was provided by a Newport Instru- 
ments electromagnet which was swept by applymg a 
sweep voltage to the control circuits 

The magnetic field was modulated at 250 c/s and 
synchronous detection was used 

The specimen was driven at a mechanical resonance 
frequency (v) of 5 223 Me/s and the magnetic field was 
swept through the field value where the Larmor precession 
frequency of the nucleus concerned was approximately 
iy, that is, the ultrasonic excitation of transitions with 
magnetic quantum number changes of Am= +2 were 
observed The magnetic field was measured using a 
proton resonance magnetometer 
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The lme shape of the ultrasonically induced resonance 
broadens and the ratio of signal strength to ultrasonic 
power decreases with mcreasing transducer voltage, due 
to saturation of the nuclear spin-levels The unsaturated 
line width of the resonance 1s difficult to detect with the 
present experrmental equipment but ıs approximately 
25 gauss for the copper-63 resonance and 50 gauss for the 
copper-65 resonance Both lmes are shifted to higher field 
values from that corresponding to the ultrasonic frequency 
equal to twice the Larmor frequency, by 85 gauss and 170 
gauss respectively The relative sensitivities of the two 
lmes can be estimated both from the strength of the 
absorption signal and the signal necessary to saturate the 
resonances ‘The ratio m both cases ıs approximately 
23 1, m agieement with the isotopic abundance ratio 

Quantitative experrments are to be carried out with 
an improved, experimental system, and the theoretical 
possibility that the line width observed may be due to 
exchange interaction between the nuclei via the conduc- 
tion electrons®:? 1s being investigated 

D J BARNES 


Physics Department, 
Imperial Collego of 
Science and Technology, 
London, S W 7 
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Dislocation Loops in Irradiated Iron 


Ir has been suggested many times that the hardening 
of iron and steel on radiation may result from the 
interaction of glide dislocations with dispersed clusters 
of point defects Two obso. vations of such clusters using 
the technique of transmission electron microscopy have 
been reported in the literature! ? The work reported in 
this communication was undertaken to determine the 
crystallography of dislocation loops observed in pure iron 

Thin foils of iron (approx 1000 A thick) wero irradiated 
with protons and Fet 1ons of energy 150 KoV at tem- 
peratures in the range 20°-600°C Dislocation loops 
produced by this treatment had diameters ranging from 
50 A at low temperatures to 1500 A at the higher tem- 
peratures The projected shape of the loops was ellip- 
tical in the proton irradiated fouls and lozenge shaped ım 
the foils irradiated with Fet ons 

A, full crystallographic analysis has so far only been 
made for loops produced by irradiatmg with Fet ions 
to a total dose of ~1 7x 1018 10ns/em? at a rate of ~ 4x 
1044 10ons/em?sec The specimen temporature was 
500°-600° C 

The crystallographic directions of the sides of the 
loop were determined by measurmg the projected direc- 
tions of the loop sides in a plane perpendicular to the 
electron beam On tilting the specimen through a large 
angle and repeating this procodure, tho true directions 
of the sides were found Determmuing the directions of a 
par of non-parallel sides gave the plane of the loop 
unambiguously All the observed loops were shown to be 
square, lying on {100} planes with sides in the <100> 
directions Sometimes loops were observed edge on and 
in these cases ıt has been possible to confirm that their 
poles lay very close to <100> 

The Burgers vectors of the loops were determined 
uniquely by the standard diffraction contrast technique 
as pure <100> edge dislocations? In the absence of any 
diffraction contrast within the loops which would indicate 
the presence of a stacking fault, 1b 1s hkely that the Bur- 
gers vector isa <100> 
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The sense of the Burgers vector defines whether the 
dislocation loop has been formed by the condensation 
of vacancies or of interstitial atoms Methods‘ of determ- 
ining the sense of b from diffraction contrast observations 
confirm that the loops result from the condensation of 
interstitial clusters 

Estimates of the energies of various modes of conden- 
sation of pomt defects m the body-centred-cubic lattice 
indicate that the observed mode has low energy Othe 
low-energy modes have b=}a <111> smee this is the 
shp vector, such loops may be sucked out of the foil by 
the image forces and hence would not be observed 

B C MASTERS 
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METALLURGY 


X-ray Asterism and Work-hardening in 
Crystals 


THIS communication reports some observations per- 
tainng to an experiment on the plastic behaviour of 
age-hardenable alloy simgle crystals The experiment 
formed a part of a senior year laboratory course and was 
intended to ulustrate the strengthenmg effects due to 
well-known! precipitates in alummium base copper alloys 
and also the fact that predictable lattice rotations are 
obtamed for a given amount of tensile deformation mn 
cases where only one slip system prevails? To this end 
it was planned that a number of crystals would be grown, 
their orientations determmed, various heat treatments 
performed and elongations predetermined so as to give 
hmuted amounts of crystal rotation on the <110> {111}- 
system which could be checked by a second orientation 
determination after tensile deformation 

It was found possible to grow single crystals of commer- 
cial ‘Alcoa 2011’ alloy by the. stram anneal technique in 
spite of the high impurity concentration The nomial 
composition of this alloy ıs copper 56 per cent, lead 
05 per cent, bismuth 05 per cent, silicon 04 per cent, 
iron 07 per cent, and zine 0 3 per cent with the balance 
alummium Half-mch diameter rod was rolled to a 
reduction of 57 per cent Tensile specimens were then 
machined, given a 5-min anneal at 550° C, pre-stramed 
2 per cent m tension and lowered mto a 550° C salt bath 
at a rate of 05 mm/h This produced smgle crystals 
throughout gauge-lengths several mches long Six 
crystals were given heat treatments which produce well- 
known! conditions ın pure bmary alummuum base copper 
alloys These were (a) Guimier—Preston zones of the 
first kind (GPI) The first coherent metastable decom- 
position product of the supersaturated sohd solution— 
quench plus age 24 h at 180°C, (b) Guimnier—Preston zones 
of the second kmd (@PII)—-quench plus age 24 h at 
190° C, (ec) 0’ (first over-aged, partially coherent meta- 
stable precipitate)—quench plus age 24 h at 240° C, 
(d) 8, the equilibrium precipitate—-quench plus age 24 h 
at 460° C, (e) 0, as produced by slow furnace cool from 
550° C, (f) supersaturated solid solution—quench from 
550° C Treatments e and f presumably yield 0 and the 
supersaturated solid solution respectively Hach crystal 
was then deformed m tension at 300° K m an ‘Instron’ 
testmg machine at a rate of about 10-3? sec} 

Pure binary alumimium-copper crystals, either as 
quenched or contammg GPI or GPIT zones, show crystal 
rotations characteristic of shp on only one system of the 
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<110>{111} type? In crystals contammg 6’ or 0 
10tation 18 not detectable because sharp spots on X-ray 
patterns soon become smeared into ares of Debye rings 
as plastic stram imcreases, mdıcatıng bending of lattice 
planes and probably simultaneous slip on many systems*»? 
In the present work, over-aged crystals (treatments c, d 
and e) behaved as expected m that they showed no lattice 
10tataon, but unexpectedly crystals given zone hardening 
or quenching treatments (a, b and f} also behaved as just 
described 

In all conditions the mode of fracture resembled that 
observed in binary alumm1um—copper crystals m a zone- 
hardened condition? *, for example, extensive shear in a& 
narrow band of {111} planes It ıs also of interest to 
compare values of critical resolved shear stress (CRSS) 
and rate of work hardenmg between 2011 alloy and 
binary aluminium—copper These comparisons follow 
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CRSS (kg/mm*) 


; a b € d € f 
Treatment 24 h 24 h 24 h 24 h Furnace Quench 
130°C 190°C 240°C 460°C Cool 
2011 allov 93 117 34 38 3 4 82 
Al-3 85% Cu’ 70 85 45 15 ~~ 5 0+ 


Initial rate of work hardening dojde im kg/mm? from nominal stress versus 
percentage of elongation curves (o versus £) 
Treatment ü b c d e f 


2011 alloy 0 94 0 40 2 34 2 80 1 87 0 35 
Al-Gu avg? ~---- === Rm e e o = B60 HH He ee ee 


In summary it appears that for equivalent heat treat- 
ments 2011 alloy crystals are shghtly stronger, work 
harden at about one-tenth the rate of zone hardened 
binary alummim—copper crystals and one-hundredth the 
rate of precipitate hardened binary alummium-copper 
ciystals Neither the ‘zones’ nor the precipitates formed 
in 2011 have been studied in detail, however, ıb ıs possible 
that they produce highe: coherency strains than their 
counterparts m bimary alumimium-—copper alloys, thus 
unparting higher strength The lower work-hardening 
1ates are not understood, but it ıs possible that dıs- 
locations still sumply shear through the ‘zones’, and con- 
currently produce new distortion of the shp plane as new 
interface ıs exposed This distortion could be responsible 
fo. the loss of the Laue spots and would also help explain 
why fractures resembled those of zone-hardened binary 
aluminium—copper crystals 

The low rate of work hardening (1/100 of that of over- 
aged binary aluminium—copper crystals) and the observed 
mode of fracture for conditions c, d and e suggest that some 
precipitate shearmg may also occur in the over-aged 
commercial material with dislocations more restricted to 
remaim in one shp system than m the binary alloys 
Again, the loss of Laue spots could be due to the creation 
of imereased distortions in the slip planes as further 
shearing of piecipitates occurs rather than to slip on 
many systems 
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CHEMISTRY 


Surface Conduction in Volatile Organic 
Crystals 


THe relatively good reproducibility found for the dark 
conductivity of crystals of 2-electron molecules? does not 
apply to the smaller aromatic molecules (<C,,) 

Thus for anthracene, Ae values he between 1 I and 2 7 
eV, where K=K, exp (— Ac/2kT) The highest value 


NATURE 


255 


would bo that expected on theoretical grounds (cf ref 1, 
Fig 4) Pulse photo-conduction in anthracone, known to be 
a bulk proporty, leads to a mobility valuo u of 1 cm?/V 
sec’, hence assuming band theory, where K,~4y ohm! 
em-}, a Ae of 2 7 eV would give a conductivity K = 10-18 4 
ohm-em-!, at 400° K Since the observed dark conduc- 
tivities, largely for polycrystalline specimons, aro around 
10-12 ohm-1em-!, at 400° K, there is clearly a big dis- 
crepancy 

Wo havo accordingly measured the electrical conduc- 
tivity of a number of small aromatic molecules, as plates 
about 50 mm? x 1 mm thick cleaved from crystals grown 
by the Bridgeman technique from zone-refined material 
The measurements were caned out under nitrogen or 
argon in a silica and glass cell designed to reduce so far 
as possible the rate of sublimation of the crystal A field 
strongth of 1,000 V cm-t was used with olectrodes of silver 
paste, mercury, prossed aluminium and platmum and all 
gave simular results Provision was made to attach a 
guard ring ın such a way as to avoid appreciable distor- 
tion of the field between the olectrodes Resistance values 
of 1016 ohms were moasurable in favouable cases 

It has beon found that without a guard ring a single 
crystal showed very similar behaviour to a disk formed 
by compressing the crystalline powder The conductivity 
values were found to depend, to a certain extent, on the 
form and thermal history of the specimen, but within the 
lumits of the rather poor reproducibility the results for 
anthracone and naphthaleno agreed with the carlier 
values However, when a guard ring was attached to the 
single crystal, the values fell below the limit of measure- 
ment, corresponding to an upper value for tho specific 
conductivity for the temperature concorned, as below 


Anthracene E 10-8 ohm cm? at 180°C 
Naphthalene K 10 ohm cm at 76° C 
m-Dinitrobenzene K 10- ohm em™> at 70°C 
Benzoie acid K 10- ohm em- at 120°C 


Electrode contacts wore checkod since a measurable 
conductivity existed between electrode and guard ring 
in all cases On the other hand, polyciystallino disks and 
single crystals with visible cracks showed no reduction 
in conductivity on attachmg the guard ring 

It thereforo appears that the conductivity earher found 
for these crystals was a surface conductivity Bocause 
of their volatihty at the temperatures of mcasuroment 
the crystal surfaces will hold a certain coverage of adsorbed 
molecules of the substances concerned in a two-dimen- 
sional mobile layer If we suppose these surface molecules 
becomo ionized and form the cha ge carriers we may expect, 
because of the high mobility and entropy of tho charge 
carriers, a very high value of K, ‘This could oxplaim the 
measurable conductivities K observed in spite of the 
high Ae values observed (4 eV for some benzene deriva- 
tives! 

Sach a mechanism for surface conduction would predict 
a possible parallelism between As and molecular sublima- 
tion energy which ıs in fact observed This mechanism 
clearly becomes impossible for large mnvolatile molecules 
such as phthalocyanine, where there 1s now good evidence 
for bulk currents? Also 2t cannot hold for pure polymeric 
systems such as protoms, whero the p values (about 
104 cm?/V sec) although large are still within the possi- 
bilities predicted by band theory and its modifications’ 
Where very high K,’s arise m polymeric systems we may 
suspect a surface transport of carers by plasticizer or 


impurity molecules 
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A New Organic Radical Reaction involving 
No Free Valence 


THE discovery of a fundamentally new type of organic 
radical reactions involving no unpaired electron has been 
already reported! The work recorded here was con- 
cerned with a reaction between a free radical, triacetone- 
ammoxyl and the Gngnard reagent The reaction pro- 
ceeding with conservation of free valence yielded a new 
organic free radical with a hydroxyl group 


After distillation m vacuum, the crude product appeared 
as a bright red ony substance readily soluble m water and 
m organic solvents Analysis by means of paper chroma- 
tography has shown that the ol was a mixture of two 
radicals 2,2,6,6-tetramethyl-4-ethyl-4-hydroxypiperidin- 
oxyl and triacetoneammoxyl (Fig 1) 


O 9a 


Ge 65 
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Fig 1 Paper chromatography (methanol acetone = 1 1) = (a) 
2,2,6,6-tetramethyl-4-ethyl-4-hydroxypiperidinoxyl , (b} triacetone- 
aminoxyl, (e) paramagnetic red oil 


An. individual paramagnetic compound with a melting 
point of 67°—-69° was obtamed on chromatographic purifica- 
tion of the crude product on alummium oxide (found 
0480 per cent H (active), molecular weight 199 4, 
spm/mole 50x 107%, calculated 0503 per cent H 
(active), molecular weight 200 3, spin/mole 6 0 x 10°?) 

The new free radical represented an orange-yellow 
crystalline compound, soluble m water and in organic 
solvents, suffermg no change for a year under the usual 
conditions 

The ultra-violet (Ama, 227 and 235 mu) and mfra-red 
absorption spoctra (Fig 2) were found to be identical to 
those of 2,2,6,6-tetramethyl-4-ethyl-4-hydroxypiperidin- 
oxyl obtained by direct catalytic oxidation of 2,2,6,6-tetra- 
methy!-4-ethyl-4-hydroxypiperidine by the scheme 


HO Et HO Èt 
NaHWwOs, 


H20 TON 


CH, Hac CH, 


HC CH; 
HC À 


The electron spin resonance spectrum of the crystalline 
radical represented a singlet type curve When the sample 
was solved in benzene, ıb turned into a triplet sumiar to 
the initial ketone radical spectrum (Fig 3) 
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Infra-red spectrum of a solid free radical 


Fig 2 
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Hyperfine structure of a free radical electron spin resonance 
spectrum 


Fig 3 


g 
The low-intensity doublets ın the hyperfine structure of 
the spectrum (splitting of 5 4 gauss) seem to be due to an 
admixture of a natural carbon-13 isotope (spin 1/2) 
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A Direct Hydrocarbon/Air Fuel Cell 


A CONSIDERABLE amount of effort 1s being expended 
at present to develop fuel cells capable of burning hydro- 
carbons directly and cfficiontly to carbon dioxide and 
water Most of the work so far has been confined to 
temperatures below 100°C using sulphuric acid as tho 
electrolyte and platinum metals as the catalytic surface 
Under these conditions ıt has been possible to demonstrate 
current densities of up to 10 or 20 mamp/cm? at very 
low cell voltages, leaving ın considerable doubt the feasi- 
bility of making officient working devices 

We have carricd out investigations using phosphoric 
acid of various concentrations as the electrolyte up to 
temperatures of 220°C, also using platinum for the 
electrode catalytic surface Fig 1 shows the polarization 
obtainable on simple platimum black electrodes using 
propane as the fuel Polarization 1s shown versus the 
reversible hydrogen electrode in the same electrolyte 
It can be seen from those results that current densities 
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Fig 1 Polarization curve for propane/platinum black electrode 
85 per cent phosphoric acid, 160° C 


of the order 100-200 mamp/cm? are attamable under 
these conditions and at over-all cell voltages corresponding 
to thermal efficiencies between 20 and 35 per cent It has 
been observed with propane and higher hydrocarbons 
that the major product of oxidation is indeed carbon diox- 
ide, but that methane also can be formed The formation 
of methane 1s favoured under open circuit conditions, 
which leads us to suspect that the reaction is purely a 
heterogeneous catalytic process involving cracking of the 
hydrocarbon to form “surface carbide complexes” and 
methane It 1s not likely that the formation of methane 
1s an electrochemical process since at potentials of 200- 
300 mV positive to Æ? (reversible hydrogen potential) 
the formation of methane would not be thermodynamucally 
favoured 

It would seem that it ıs a ‘simple’ cracking process 
which would require a finite value for the surface coverage 
with respect to hydrogen, thatis, 8g Therate of formation 
of methane will be a function of 64 and ıt 1s well known 
that at potentials ın the region of 200-300 mV E~ 0g on 
platinum ıs very small 

We feel that these results conclusively demonstrate the 
feasibility of a direct hydrocarbon/air fuel cell A con- 
siderable amount of work must now be directed towards 
demonstrating that such cells can be made to function 
in @ practical fashion and can be built and operated 
economically 

H G Oswin 
A J Harner 
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Photolysis of Sulphate lon 


Tue sulphate radical ion has been postulated as an 
mtermediate ın thermal reactions! and in the photolysis 
of peroxydisulphate 1on ın aqueous solution? Recently, 
it has been suggested as a possible intermediate m the 
flash photolysis of aqueous ferrous sulphate solutions? 

We have determined the absorption spectrum of aqueous 
sulphate 10n m neutral solution at 25° C usmg a Hilger 
Uvispek with nitrogen flushmg as previously desersbed* 
The spectrum corresponds to previously reported datas: 
The value of the molar absorption coefficient of sulphate 
ron at 1849 A was found to be 2021 mole- em~! 

In view of the fact that many photolyses are carried 
out m systems contaming sulphate ion, 16 was decided to 
investigate the possibility of direct photolysis of the ion 
by 1849 A radiation 

A de-aerated aqueous solution consisting of 10 x 10-1 
M sodium sulphate and 1 0 x 10-1 M methanol was wiadı- 
ated usmg a low-pressure mercury vapour discharge 
lamp, the apparatus and technique being simular to that 
described previously? The fractions of 1849 A radiation 
absorbed by the components of this solution were 
SO= 0905, CH,OH 0 028 and H,O 0067 Conditions of 
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complete absorption were realized ın the photolysis, the 
results of which showed a yield of hydrogen of 1°62 x 
10-5 mole 1l -+ mm-! The quantum yields for water and 
methanol’ photolysis are 06 and 10 respectively at the 
wave-length used so that hydrogen yields arismg by 
direct photolysis of these components can be calculated 
for the foregomg experment They are 103 x 10-? mole 
] -= min-! from water and 7:2 x 10-? mole 1l -1 mm- from 
methanol Thus 145 x 10-5 mole l-t mm of hydrogen 
must arise from direct absorption by sulphate ion This 
result would mdicate a value of 0 63 for the quantum yield 
for the direct photolysis of sulphate 10n m the presence 
of 10 x 10-1 M methanol 

We have observed that the quantum yield for sulphate 
photolysis varies with the methanol concentration This 
ig due to several factors, one of which is a change m the 
absorption characteristics of the solutions as the methanol 
concentration meieases Further work is bemg carried 
out together with a detailed mvestigation of the offect 
of methanol addition on the spectium of sulphate ion 

Although the mtensity of absorption by sulphate 10n 
is low compared with mtensities associated with many 
electron transfer spectra it 1s possible that the mural 
absorption process may be represented by 


SO= H,O — (SO7H,0-)* — S07 + H + OH- 
followed by 
SO, + H,O — HSO- + OH (2) 


the net effect bemg the mduirect photodissociation of 
water 

Free radicals can be detected by mcluding organic com- 
pounds in the system which act as scavengers by providing 
extractable hydrogen atoms The scavenger used m 
this work was methanol In the presence of methanol 
reaction (2) may be replaced by the energetically more 
favourable process 


SOT + CH,0H — CH,OH + HSO- 
CH,OH radicals can also arise by 


H + CH,OH — CH.OH + H, 
OH + CH,OH — CH,OH + H,O 


subsequent reactions of the radical bemg 


2 CH,OH — (CH,OH), 
CH,OH + OH — H,O + CH,O 
‘CH,OH + SOT — HSO, + CH,O 
CH,OH + H — H, + CHO 
so that the expected products would be gaseous hydrogen, 


and, m solution formaldehyde and ethylene glycol, the 
product balance being 


(1) 


Pu, ~ Pono T ?(cH,OH,). 
Investigation of the solution products does reveal a 
balance between the gas yield and the yields of formalde- 
hyde and ethylene glycol as suggested Formaldehyde 
was found to be 15 per cent of the gas yield and ethylene 
glycol 85 per cent, which are identical to those found in 
the water-methanol system’ This suggests that the 
photolysis of sulphate 10n may give radicals identical to 
those present mn the direct photolysis of water 
One of us (M F F} thanks the Hertfordshire County 
Council for the award of a research assistantship 
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Donnan Equilibria in Polyelectrolyte Solutions 


MEMBRANE equilibria, mvolvng a macromolecule, 
impermeable through the membrane, and a permeable 
salt, were first investigated by Donnan! He found that at 
equilibrium the salt was unevenly distributed between the 
two sides of the membrane, and he advanced a theory to 
explain the effect Since then this effect has been inten- 
sively examined, first especially with proteins, later even 
with lnear polyelectrolytes 

In recent years numerous theoretical®-® papers on the 
subject have appeared whereas much less attention has 
been given to the expermmental side of the problem, and 
accurate data are, in general, lacking In the work 
recorded here precision measurements on a linear poly- 
electrolyte and a non-electrolyte polymer are reported 
It ıs shown that the classical Donnan theory alone does not 
explain the behaviour of linear polyelectrolytes and that 
in addition an ‘excluded volume’ effect 1s present In 
this 16 18 assumed that the permeable salt 1s partly exclu- 
ded from the interior of the polyelectrolyte molecule 
The excluded volume effect has also been considered by 
Strauss and Ander? ım an investigation of polyphosphate 
solutions 

The polymers used in the present experiments were 
poly-methacrylic acid (PMA) and poly-oxy-ethylene 
(POE (CH,CH,0),) The permeable electrolytes were 
sodium hydroxide and sodium hydroxide in the presenco 
of sodium chlomde The dialysis cell was essentially an 
enlarged block-type osmometer cell, made of polyethylene 
and with a membrane of ‘Cellophane’ The equilibration of 
the solutions was carried out at 25° C for 24h This was 
well in excess of the actual time necessary for the equili- 
brium to be established 

The concentration of sodium hydroxide was determ- 
ined by titration with hydrochloric acid In solutions 
containing PMA a sharp equivalence point was found 
near pH 10, where the excess sodium hydroxide was 
neutralized, but the PMA was still ın tho form of 1ts sodium 
salt This pomt could be accurately determmed with 
thymolphthaleim as mdicator In the actual experiments 
25 ml of the equilibrated solutions were transferred with 
a pipette to glass stoppered flasks and weighed Most of 
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Fiz 1 Measurements at constant sodium hydroxide concentration 


Curve 1 for PMA with m = 025 M/kg, curve 2 for POE with m = 
05 M/kg 
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Hig 2 Measurements at constant polymer concentration Curve 1 


for PMA with e = 52 g/kg, curve 2 for POE with c= 45 g/kg 

Open cireles represent dm for sodium hydroxide m PMA solutions 

in the presence of sodium chlonde, from top to bottom myaq = 0 20, 

040 and 0 80 M/kg The crosses on curve 1 represent the corresponding 

Am values referring to the total permeable electrolyte concentration 

The dotted curve represents Beso (1) with ce = 5 g/kg and with 
g z= 


the alkalı in the solutions was then neutralized by adding 
to each flask 25 ml of a standard hydrochloric acid solu- 
tion with a precision pipette The final neutralization of 
the alkali was carried out by titrating with a 005M 
hydrochloric acid solution using a mucroburette and 
thymolphthalein as mdicator By this method the con- 
centrations of sodium hydroxide in the two solutions could 
be determined with a relative accuracy of about 0 01 per 
cent The concentrations were expressed in weight units 
with the following designations 


permeable electrolyte m moles per kg of solution 
polymer c g per kg of solution 


The results are shown in Figs 1 and 2 They aro ex- 
piessed in terms of Am=%m—m,. where m, and m are the 
m-values for the solution containing the polymer and for 
the solvent respectively Fig 1 shows some results from 
measurements at “constant sodium hydroxide concen- 
tration and varying polymer concentrations We see that 
with both polymers Am 1s very nearly proportional to the 
polymer concentration In Fig 2 the polymer concentra- 
tion 1s kept constant and the concentration of the perm- 
eable electrolyte varied With PMA some measurements 
were carried out with sodium hydroxide m the presence of 
varying amounts of sodium chloride We see that Am for 
sodium hydroxide is depressed by the presence of sodium 
chloride However, 1f we assume that sodium chloride 
is displaced to the same extent as sodium hydroxide, and 
we calculate Am for the total amount of permeable 
electrolyte, we find that the pomts fall on the curve for 
pure sodium hydroxide This indicates that both electro- 
lytes behave simulaily in this connexion 

The classical Donnan theory gives for Am the following 


formula 
ce 


er aes 
gree free j 
+ if Ma 
where s 18 the degree of dissomation of the polyelectrolyte 
and M its equivalent weight In Fig 2, together with the 
experimental results, a curve representing equation (1) 
for PMA with c= 5 g/kg and with e=0 251s shown We 


see that equation (1) cannot be made to fit the experi- 
mental results 
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For the excluded volume effect we have ın the first 
approximation 
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Am = ame (2) 


where a determines the excluded volume (in the present 
units ıt equals the mass of solution in kg/g polymer, 
from which the permeable electrolyte 1s excluded) 

Comparing equation (2) with the experimental results, 
we see that with POE the agreement 1s excollent From 
both diagrams we obtain «= 0 0027 kg/g As the polymer 
mass itself 1s included in « this means that for each gram 
of the polymer there are 17 g of (solvating) water from 
which sodium hydroxide is excluded With PMA the 
situation ıs more complicated A comparison of the 
experimental results in Fig 2 with the predictions of tho 
Donnan theory and the excluded volume effect reveals 
that the experimental curve may bo obtained by a super- 
position of these two effects IJt1s interesting to note that 
the excluded volume effect for PMA happens to be of the 
same magnitude as for POE 

I may conclude by statmg that the exporiments re- 
corded here indicate that in linear polyelectrolyte solu- 
tions two effects are present, namely, the classical Donnan 
effect and the excluded volume effect The latter occurs 
even with non-electrolyte polymers These matters are 
treated further m a paper to be published m Acta Chemica 
Scandinavica 

H Vinx 
Institute of Physical Chemistry, 
University of Uppsala 
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Partial Differentiation, with Special Reference 
to Thermodynamics 


FROM time immemorial savants and scholars have taken 
liberties with well-known words and phrases and by 
‘new definitions’ have imparted highly specialized mean- 
ings to familar expressions While in some cases such 
actions can be justified on the grounds of greater clarity 
of meaning and greater precision of definition, as a general 
practice the imparting of specialized meanings to well- 
known words and phrases tends to obscure any language, 
even the language of mathematics, particularly when the 
specialized meanings involve largely meaningless ‘new 
definitions’ 

In a recent communication, Elhott+ has suggested a 
new definition for the partial derivatives occurring in 
thermodynamics The approach 1s based on the form 


dz = adx, + bdt, -+ cdt, (1) 


and 1b 1s stated that a, b, and c m the limut of small dis- 
placement da,, dza dx, are to be identified with the new 


dz 
partial derivatives and indicated asa, ete 
1 


No restrictions are ımposed on the manner m which 
the hmuit ıs to be taken and, m our opmuon, the failure to 
do this renders the definition meaningless 

As an illustration of our criticism let us introduce 
the symbols Z,, Za Z, to represent the ‘old’ derivatives 
of z, that 1s, Z, 1s the rate of change of z with respect 
to 2, keeping x, and 2, constant Then to a first order 
of small quantities 


dz= Z dæ, + Z,dx,+ Zdr, (2) 


Evidently by keeping x, and z, constant we can deduce 
from (1) and (2) that 
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On the other hand, for dz,=dz, and x, kept constant 


dz 
Ox, Zi + Z 


and so on The symbol Z can have an infinity of values 


1 
depending on how we approach the lmit 
Dr Elhott imphes that the freedom from restrictions mn 

taking the hmut 1s one of the merits of his definition 
We believe ıt can only lead to confusion in a field where 
precise definitions are essential 

G C BENSON 

E A Froop 


Division of Pure Chemistry, 
National Research Council of Canada, 
Ottawa 


‘Wihott, G A, Nature, 198, 1191 (963), 





THE preceding communication shows that if the partial 
differential mdicated by dz/dx, ıs defined as the lmutmg 
value of the rate of change of z with respect to z,, and if 
we mcelude changes due to the variation of x, (which 1s 
dependent on x,) then the result obtamed depends on the 
relation between x, and x, and m particular if dz, = dv, the 
expression 18 

Ozj0x, = Zı + Ža 


This ‘definition’ 1s therefore quite useless, and on this 
pomt there is no dispute 

On the other hand, if we define the partial differential 
in. the way proposed m my previous communication we 
always obtain the result 0z/éx,=a and no other answer 18 
possible The symbol 0z/dz, 1s to be regarded simply as a 
rather clumsy but time-honoured method of mdicating 
the coefficient æ or rather its limiting value when the 
neglect of differentials of higher order than the first m 
forming equation (1) above 1s strictly justified The new 
definition is strictly mdependent of any relations between 
the variables 

G A ELLIOTT 


Department of Chemistry, 
University of Western Australia, 
Perth 
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Enzymatic Evidence for the Configuration of 
d-Isocitric Acid 


Tue configuration of the «-carbon atom of the d-isocitric 
acid of the Krebs tricarboxyhe acid cycle was designated 
Lg on the basis of an application of the Levene displace- 
ment rule!, but subsequent chemical?-* and X-ray® 
studies indicated the D, configuration Other investiga- 
tions have shown that the «- and B-asymmetric centres of 
d-isocitric acid possess opposite configurations®?. Although 
d-isocitric acid may be distinguished by the action of 
isocitric dehydrogenase from the three isomeric isocitrice 
acids, none of the isomers of «-amimotricarballylhe aerd, 
the «-amino analogue of isocttric acid, has thus far been 
found to be attacked by enzymes Greenstem and Winitz}, 
who prepared both p1i-a-amimotricarballyhe and DL-allo-a- 
aminotricarballylic acids, were unable to find an enzyme 
capable of resolving these and therefore resorted to the 
use of brucme They thus obtained the corresponding 
four optical isomers, which they converted to the respec- 
tive isocitric acids by treatment with HNO, 

Application of the Clough—Lutz—Jirgensons rule permit- 
ted assignment of configuration to the D- and L-isomers of 
allo-2-aminotricarballylic acid, but assignment of the 
configurations of the isomers of «-aminotricarballylic 
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acid was not possible by this procedure Application of 
the Levene displacement rule! to the derived isocitric 
acid isomers indicated the Is configuration for d-1socitric 
acid and therefore also for I-x-aminotnicarballylic acid, 
the amino-acid isomer from which ıt was derived 

The enzyme recently obtained in this laboratory? from 
mammalian kidney that catalyses the optically specific 
cyclization of p-glutamuc acid to D-pyrrolidone carboxylic 
acid also catalyses the cyclization of the D-isomers of 
a-methylglutamic amd, y-methylglutamic acid, and one- 
half of several racemic glutamic acid derivatives including 
g-ammotricarballylhe and allo-«-amimotricarballylie acids, 
which may be considered as glutamic acids possessing 
6-carboxyl groups p1-Allo-c-ammotricarballylic acid on 
tieatment with HNO, was previously shown to give 
isocitric acid that was unreactive with isocitric dehydro- 
genase? 

DL-%-aminotricarballylic acid was prepared by acid 
hydrolysis of the corresponding pt-pyrrolidone-«,B- 
dicarboxylic acid (kindly provided by Dr Milton Winitz) 
Incubation of pu-«-aminotricarballylic acid with the mouse 
kidney enzyme?’ led to disappearance of approximately 
50 per cent of the nmhydrin-reactive material, on addition 
of more enzyme no further amino-acid disappeared 
The 1eaction mixture was deprotemized and placed on a 
column of ‘Dowex 50° in the H+ form The water effluent 
contaming the enzymatically formed p-pyrrolidone-«,8- 
dicarboxylic acid was evaporated to dryness and hydro- 
lysed with 2 N hydrochlone acid for 2 h at 100° The 
L-a-aminotricarballylic acid was eluted from the column 
with 2 N ammonium The p- and L-«-aminotricarballylic 
acids thus obtamed were converted to the corresponding 
isocitric acid isomers by reaction with HNO, Assay 
with the isocitric dehydrogenase-NADP system indicated 
that the isocitric acid obtamed from the ammo-acid 
isomer that had cychzed was enzymatically active and 
accounted for 80 per cent of the d-isocitrate obtained from 
a control sample of pi-amino-acid, which was not treated 
with the cyclizing enzyme That the amount of d-1s0- 
citrate recovered was less than theoretical may be ascribed 
to incomplete conversion of amino-acid to hydroxy acid 
unde: the conditions adopted, and to losses during elution 
and other manipulations The isocrtrate obtamed from 
the «-aminotricarballylic acid 1somer that was eluted 
from the column with ammonium contained only 7 per cent 
as much d-isocitrate as found m the isoctrate preparation 
obtamed from the cyclized product; this finding 1s con- 
sıstent with the observation that cychzation reaches 
equilibrium at about 95 per cent of completion® These 
enzymatic studies are therefore in agreement with the 
chemical and X-ray findings and provide additional 
evidence that the isocitric acid of the Krebs cycle has the 
Ds-configuration and may, in accordance with the nomen- 
clature proposed by Vickery™, be designated threo-ps- 
wocitric acid 
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Distribution of Carbon-I4 tn Polysaccharide 
after Photosynthesis in Carbon Dioxide 
labelled with Carbon-I4 by Anacystis nidulans 


THe reductive pentose phosphate cycle! has been 
proposed as the means of formation of hexose during 
photosynthesis The enzyme fructose-1,6-diphosphate 
aldolase ıs an integral part of the cycle It was therefore 
unexpected that Richter? could not detect aldolase in 
extracts of the photoautotrophic blue-green alga, Anacystis 
nidulans This observation was confirmed and extended 
by Fewson, Al-Hafidh and Gibbs? to melude other mem- 
bers of the Cyanophyceae Recently, Kandler* reported 
that the distribution of carbon-14 in the products formed 
during photosynthesis in “CO, by A nidulans was similar 
to those obtained with Chlorella, an alga which contains 
aldolase Ib therefore became of interest to examine the 
disti:ibution pattern of carbon-14 in the polysacchande 
formed during photosynthesis in “CO, by the two types 
of algae 

A ndulans and C pyrenoidosa were grown as described 
in a previous publication? After collection, the cells 
were suspended at a concentration of 2 g of wet weight 
per 100 ml of 0025 M potassium phosphate, pH 7 0 
Twenty-five ml of cell suspension were placed in a glass 
‘lollipop’, which was illuminated from each side by two 
incandescent spotlights each of which gave 4,000 ft- 
candles at the surface of the ‘lolipop’ After 10 min 
of illumination with air being contmuously bubbled 
through the suspension, NaHCO, (348 uc fm mole) was 
introduced When the required time-period had elapsed 
(Table 1), the algal suspension was dropped into 250 ml 

of boiling 90 per cent (v/v) ethanol 


COOH COOH The suspension was centrifuged 
l L and the solid material was extracted 
a H, CH,—-—-CHCOOH. with absolute ethanol, 20 per cent 
(v/v) ethanol, and finally with 
CHCOOH D-speerfic HCOOH 4 CHCOOH water The residue remaining was 
heated with 15 ml of 1 N hydro- 

Cyel 
n enzime” ON; Be x a chlore acid for 1 5h ın a 100° water 
COOH COOH H bath The neutralized solution was 
deionized by passing it through 
DL-a-Amuinotricarballyhe t-a-Ammotricarballyhe p-Pyrrolidoné-a,f- ‘Dowex 50 W (Ht) and then 
acid acid i dicarboxylic acid through ‘Amberhte CG-4B(OH-—)’ 
ano. | Ha The effluent was evaporated under 


D-a-Ammotbricarballyhe acid 


L-Isocitrie acid 


[threo-ng-Isocitric acd] 


Fig 1 


vacuum at 30° and then streaked 
on Whatman No 3 MM paper 
along with unlabelled glucose and 
galactose The chromatogram was 
developed with a muxture of n- 
butanol, 95 per cent ethanol and 


| HNO, 


p-Isocitric acid 
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Tablel DISTRIBUTION OF CARBON-14 IN POLYSACCHARIDE GLUCOSE FORNED 
DURING PHOTOSYNTHESIS USING A nidulans AND © pyrenoidosa 


No 4803 


Time Relative specific activity of the carbons of glucose on 
(see) the basis of C-4=100 
C-1 C-2 -3 C-4 C-5 C-6 
Chlorella pyrenmdosa 

5 50 5 4 73 100 (1 0) 68 08 
10 52 54 80 100 (7 5) 15 24 
20 14 12 88 100 (21) 85 96 

30 20 17 86 100 (19) 14 18 

Anacystis nidulans 

5 5 6 16 55 100 (0 66) 09 09 
10 93 55 68 100 (6 1) 08 21 
20 18 80 77 100 (11) 39 90 

30 26 21 73 100 (27) 11 19 


Mug m parenthesis 1s the specificlactivity]of C-4 expressed m myc /mg 
carbon 


water (52 32 16) Only one band of radioactrvity was 
found This band corresponded to glucose and was 
identified by cochromatography with authentic sugar and 
by its colour reaction with aniline hydrogen phthalate 
Each glucose sample together with 600 umoles of carrer 
glucose was degraded by the Leuconostoc mesenterordes 
method’ Table 1 shows the results The asymmetric 
pattern of distribution of carbon-14 m the glucose of the 
polysaccharide isolated from both algae is almost identical 
at any given time 

These results and those of Kandler* suggest the follow- 
ing (l) aldolase ıs present in Anacystis and Chlorella 
and the reductive pentose phosphate cycle functions in 
both organisms, but the enzyme 1s not detected ın extiacts 
of Anacystis for various reasons’, (2) aldolase 1s not 
involved with the conversion of carbon dioxide to carbo- 
hydrate during photosynthesis, (3) different mechanisms 
of photosynthetic assumilation of carbon dioxide operate 
in the two algae but both mechanisms give rise to the same 
distribution, of carbon-14 pattern 
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Natural Occurring Variations in Rat Liver 
DNA Content 


THE content of deoxymbonucleie acids (DNA) ın non- 
dividing somatic cells ıs beheved to be constanti? For 
this reason. the nucleic acid content 1s a reference standard 
im several biochemical mvesiigations On the other hand, 
there are few data which lead to the conclusion that DNA. 
content 1s not very constant® and one has to assume that 
DNA occurs also in a metabolic form‘ 

In an investigation of the mfluence of sex and season on 
the diurnal rhythm of rat liver content, nucleic acids were 
biochemically and histologically determimed This 
investigation was carried out with untreated animals 
of an mbred Wistar stram of both sexes kept under 
constant conditions (temperature, humidity, free access 
to food and water) The determmation of nucleie acids 
after fractionated extraction and ultra-violet spectro- 
graphy and the Dische test has shown that the DNA- 
content varies very little during day-time m the spring 
The content 1s about 18 y/100 mg liver wet weight In the 
night there ıs a strong increase of the DNA with a maxi- 
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mum of 73 y/100 mg There are no differences between 
sexes by the time the peak ıs reached Assays carried 
out m winter (January 1963) show quite different patterns 
of amount of DNA when estimated every 2h for 24h 
Here I found two marked peaks (12h and 18h) durmg 
the day, while at mght the content ıs low and without 
very strong variations Sexual differences are marked m 
winter by a time difference of 2 h reaching the maximum 
peaks The proportions of the values are the same when 
DNA-content 1s calculated for the dry weight of total 
protem content 

This leads to the conclusion that DNA changes not only 
im a diurnal rhythm pattern, but also that this pattern 
is influenced, by the sex and season 

GABRIELLE HORVÀTH 
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Disassociation of Heart Cells by Collagenase 


THE disassociation of cells from various parent tissues 
by digestion with trypsm has been often applied by 
workers on tissue cultures!-> There are, however, several 
defects ın the trypsmization method when the goal 1s use 
of the cells for physiological investigations We have 
examined various possible methods for avoiding these 
difficulties and have found that the substitution of 
collagenase for trypsin satisfied most of our requirements 

The criteria for a suitable disassociating enzyme were 
(a) cell damage must be minimized, (b) cell yield should be 
high; (c) the mucus-hke strands which appear during 
tiypsinization should be absent, (d) the onic environment 
during disassociation should be normal It was observed 
that, using trypsin, the proportion of mjured or dead cells 
as indicated by the nigrosin uptake method* was fairly 
high, particularly when old embryonic hearts (11-16 days) 
were used It was also noted that quite large amounts of 
non-cellular material and ropes of mucus-like substance 
were always present following tryptic digestion Further- 
more, many workers? when using trypsin have found 1t 
desirable to reduce the concentrations of divalent cations 
in the digestion medium In the work recorded here ıt was 
felt that the physiologically important factors to be 
studied (10n transport, transmembrane potentials, ete ) 
might be seriously, possibly irreversibly, damaged by 
exposure to such an abnormal environment 

The mucoid material in trypsmized suspensions sugges- 
ted that collagen was present, accordingly, collagenase 
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Fig 1 Collagenase 24hculture (x e 245) 
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Fig 2 Trypan 24-h culture (x ec 245) Note large amount of 
non-cellular material, still rounded cells (many characteristically 
fattened cells were present elsewhere m culture, see Fig 4) 





Fig 3 Collagenase 24-h culture (x e 700) 





Fig 4 Trypsin 24-h culture (x e 700) Note that collagenase and 
trypstn vield essentially the same cytological characters but that the 
cell density 1s somewhat greater per field than with trypsin and there is 
less debris present 
* 


(partially purified collagenase, Worthington Biochemical 
Corp, Freehold, New Jersey) was tested alone and m 
mixtures containing trypsin or elastase or both Colla- 
genase alone was as effective as trypsin, elastase was a 
very poor disassociating agent 

The results of collagenase disassociation wero (1) No 
mucoid strands were present (2) As measured with art 
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Table 1 COMPARISON OF CELL SIZE DISTRIBUTIONS 
Trypsin distribution curve Collagenase distribution curve 


VOL. 200 


Size plateau (4*) Cell No /0 6 mil Size plateau (u°) Cell No /05 mi 
15 3-16 9 990 12 25-13 8 2,121 
981 2,045 
18 4-19 9 840 16 9-18 4 1,376 
839 1,372 
24 5-26 525 24 5-26 755 
527 769 
30 6-35 2 641 29 1-35 2 1,553 
688 1,595 


For each digest, eleven 6 6-7-day-old embryos were dissected and the 
scissors-minced hearts were incubated m the enzyme solutions Trypsm 
was the ‘1 250’ commercial (Microbiological Associates) preparation in 
normal saline Trypsin digestion period, 45 min Collagenase, 5 mg/ml m 
Gey’s solution, digestion period, 66 min In each case 01 mi calf serum 
was added per ml enzyme solution and the hearts were added to 20 ml of 
the mixture Size distribution and cell counts were made on freshly prepared 
suspensions from the digests after washing and re-suspending in avian 
Ringer to give a 1 500 dilution Aperture, 70u, mstrument, Coulter 
counter model B 


electronic counting and sizing apparatus (Coulter counter) 
(Table 1), the subjective appearance of fewer broken cells 
and more complete disassociation with collagenase were 
confirmed (3) Excellent cell separation and viability, as 
demonstrated by culture of the disassociated cells (Figs 1 
and 3), were obtamed usmg collagenase m a normal saline 
contaimng full complements of calerum and magnesium 
Using trypsin in calcrum, magnesium-free media, sus- 
pensions were decidedly inferior (Figs 2 and 4) (4) A 
faurly high proportion of pulsating cells was present shortly 
after disassociation when collagenase was used Trypsini- 
zation yielded virtually no pulsating cells (5) The 
initial appearance of the cellis in the two cases was quite 
different With collagenase, about 30 per cent of the 
cells retained an elongated, flattened shape, while tryptic 
digests always contained many more rounded cells 
(6) The speed of initial attachment to the glass of culture 
dishes and subsequent flattening and stretching were 
much greater when collagenase was used 
In general, ıt appears that, at least for cells from muscu- 
lar elements, collagenase may be considered superior to 
trypsin as a disassociating agent 
The completeness of disassociation wrth collagenase 

suggested that some form of collagen was a major com- 
ponent of the mter-cellular bndmg material 

D J CavanaucH* 

W O BERNDT 

T E Smirxe 
US Army Chemical Research and Development 
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Edgewood Arsenal, Maryland 
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A Simple Technique for the Isolation of 8:C(6:A) 
Globulin 


SzRuM submitted to immuno-electrophoresis shows 4 
distinct lines in the 6,-region The best known of these 
precipitation lines 1s BS, that corresponding to sidero- 
philn, this line has been identified by use of labelled iron 
BB 1s the lne corresponding to-a protem, with combining 
power for cytochrome and similar compounds, 1b was first 
isolated by Biserte, et al! Different names have been 
proposed for it, such as chromophilm, hemopexim and 
B-haptoglobin The two remaiming Imes 8,4 and B,C 
show a somewhat complex behaviour Indeed, fresh 
serum will give the lme corresponding to B,C and aged 
serum the 8,4 hne However, a transient aspect is very 
common, showing a double or even triple curved line? 

Muller-Eberhard eż al have isolated both B, 
and B,A-globulin® and they have shown that the latter 
protem ıs a derivative formed from §,C-globuln by an 
ageing process This protem is the slowest of the 4 
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8,-globulings The sedimentation rate is 95 S whereas 
that of 6,4, the most rapid globulin of this group, 1s only 
7S  Muller-Eberhazd, et al, also supphed evidence that 
8,C-globulin ıs related to the complement system and 
more especially with C’3 (ref 4) 6,4 shows no activity 
The technique used by Muller-Eberhard et al for the 
isolation of both these protems is rather complex as 
18 another procedure proposed recontly by Schultze 
e al® The exammation of the mechanism of the 
complement system would be greatly facilitated if 
workors in this field could easily dispose of tho isolated 
components 

The technique developed in our laboratory is simple and 
gives 8,C-globulin im good yield and purity without 
special equipment, not more than 24 h, including timo for 
dialysis, being necessary to obtain this result 

Plasma (6 per cent protem, pH 7 5-8) 1s adsorbed by 
bentonite (2-2 5 per cent) durmg 15 min at room tem- 
perature Bentonite adsorbs maimly fibrmogen, lipo- 
protein and certain clotting components®:” 

This mixture 1s centrifuged, the precipiiate discarded, 
and tho pH of the supernatant immediately adjusted to 
pH 63 An aqueous solution of rivanol (0 5 per cent) 18 
now added (50 ml for 100ml ofplasma) The mixture is 
stirred for 30 min, then left an additional hour at room 
temperature 

The mixture is then centrifuged (30 min) The precipi- 
tate 1s quickly washed with ice-wator o1 005 per cent 
rivanol solution and centrifuged again It 1s then extrac- 
ted by 1/5 of the initial plasma volume of 3 per cent 
sodium chloride The crude saline extract 18 again 
adsorbed by bentonite (1 5-2 per cent) during 15 mm (pH 
should be maintaimed at 8, bentonite adsorbs anions and 
the pH usually rises to 9 or more) 

The supernatant obtamed after centrifugation is dialysed 
against acetate buffer (001 M) at pH 53 at 4° The 
precipitate is centrifuged, washed with buffer and dis- 
solved in saline at neutral pH The solution contams 
mainly 8,C-globulin, which may be accompanied by somo 
lipids and lipoprotein Acidification at pH 6 3, adsorption 
on silica or treatment by dextran-sulphate (or simular 
products) may be used for the elumination of these lipidic 
contaminants This purification step might be unneces- 
sary and the redissolved euglobulin precipitate can be 
used directly for certain purposes 

ACD plasma as well as serum can be used as a starting 
material From fresh and frozen plasma we almost 
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Fig 1 Starch-gel electrophoresis (microtechmque) (a) Normal serum 
(b) 8,C freshly prepared, (c) same preparation after storage at + 4° 
undergoing transformation to fA globulm 
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Fig 23 Immunoelectrophoresis of 8,C-3,4-globulin Above, 8,C-globulin 


(0 8 per cent) freshly isosated, below, same preparation after storage at 
+ 4° during 4 weeks showing partial transformation to 8,4 


always obtained 6,C-globulm This protein migrates as a 
8,-globulin on paper and agar, its position on starch gol, 
as revealed by a microtechnique’, 1s approximately in tho 
middle between «,-macroglobulin and sidorophilin When 
8,0 is left m the ice-box for some timo, ıt will slowly 
undergo transformation into B,A-globulin Two lines 
will be seen after starch gel electrophoresis and the propa- 
1ation submitted to rmmunoelectrophoresis will reveal the 
characteristic double or triple curved lines (Fig 2) After 
sevoral weeks 8,0 has completely disappeared, loaving 
BA and some break-down products, as revealed by 
electrophoresis on starch gel and immunoelectrophoresis 
The isolated 8,C-8,A-globulm is also revealed by anti- 
serum obtamed from horse 1299 (Institut Pasteur) (We 
thank Dr J M Fine for this analysis) Hence, this anti- 
scrum contains only one single antibody against B,-globu- 
hns, namely, anti-6,4, this result gives a further proof for 
the identity of our protem with 8,C-8,4-globulin 
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Sodium ~ Potassium-activated 
Adenosine Triphosphatase in Schizophrenic 
Erythrocytes 


Sisce Skou’s!? description of a sodium—potassium- 
activated adenosine triphosphatase in crab nerve, many 
1eports have indicated that this enzyme has properties 
virtually identical to those exhibited by the Nat extrusion 
mechanism in many tıssues?-8 The intracellular concen- 
trations of Na+ and K* 10ns are of umportance in regulating 
cell membrane oxcitability in nerve, muscle’, secretory 
cells, ote Itis also known” that the amount of this enzyme 
in sheep erythrocyte membranes corrolates with the 
intracellular concentration ratio of K+/Na*, which 1s in 
turn regulated by a gene! 

The stiology of schizophrenia remains unknown 
Kallmann’s?* statistics as well as Slater’s!*-14 suggest that 
the disease is predominantly a manifestation of an auto- 
somal recessive gene Because of this strong genetic 
character of schizophrenia, 1t would seem likely that some 
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protam abnoimality might be found On the assumption 
that schizophrenia, may be a ‘disease of cell excitability’ 
we decided to investigate a membranal enzyme intimately 
associated with cell excitabihty, namely, sodium—potas- 
s1um—ATPase 

Blood (20 ml ) was drawn from 4 normal volunteers and 
6 sub-acute paranoid schizophrenic patients The erythro- 
cyte membranes (ghosts) were prepared according to the 
method of Bonting and Caravaggio? with minor modifica- 
tions The trns-EDTA washes were alternated with 
03 per cent sodium chlomde mstead of with 0 986 g/l 
sodium chloride At the end of the procedure the ghosts 
were again washed twice in tras—EDTA For sodium- 
potassium-ATPase assay 0 l-ml aliquots of the final 
resuspended sediment were added to 0 1 ml of medium 4 
and medium D as outlmed by Bonting et al?5 After 
correction for the blanks the difference in activity between 
media A and D corresponded to sodium—potass1um— 
ATPase Tripheate enzyme determinations were within 
3 per cent Duplicate dry weights of the ghost suspen- 
sions were within 5 per cent The results are shown in 
Fig 1 S 

The mean sodium-potassıum-ATPase for the 4 normals 
is 35-2 + 11 6 (standard deviation) mumoles ATP splt/h/ 
mg dry weight The value for the patients ıs 79 1+ 14 
On Student’s ¢ test these mean values are significantly 
different with P less than 0001 Subtracting the sodium— 
potassium-ATPase from the total ATPase gives the 
‘residual ATPase’ this ıs 180+10 for the normals and 
246 + 90 for the patients The difference between these 
two means 1s not significant (P=0 2) Only 2 patients had 
received any tranquillizer in the week preceding M2 and 
K1 had received 200 mg hora somni and 150 mg “Thora- 
zine’ daily, respectively The patient with the Inghest 
value of sodium—potassium—ATPase, K2, had been off 
all medication for 4 weeks 
ə The normal sodium—potassium—-ATPase of 35 units 
agrees fairly well with that of Post et al ?, who found an 
average of 20 units using 4 ghost preparations Ii is 
known that enzyme-levels vary with the age of the 
erythrocyte, young red cell fractions, contaming 12 times 
the number of reticulocytes than old cell fractions, have 
about 30 per cent greater enzyme activity’® These 
schizophrenic patients, however, have approximately 
normal reticulocyte counts It will be necessary to 
examine many more bloods of patients not on tran- 
quilizers and ıt might be preferable to examine the 
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enzyme level in cerebro-cortical biopsy or autopsy 
material 

We are indebted to Dr Herman C Denber, director of 
research at Manhattan State Hospital, New York, for 
his co-operation 
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Compounds interfering in the Diphenylamine 
Test for Deoxyribonucleic Acid 


THE use of DNA (deoxyribonucleic acid) as a reference 
standard ın biochemical investigations!, which 1s now well 
established, rests on the observed constancy of DNA 
content m each somatic cell in a species With certain 
exceptions, the number of cells ın a sample may be related 
to the amount of DNA? 

One procedure for determimation of DNA, namely, the 
use of the diphenylamine reagent’, has been reviewed‘, and 
the variables exammed Considerable interference has 
been noted m some cases’, but m general the reaction 
provides a rehable method of assay 

Briefly, the method involves extractmg the tissue with 
hot trichloroacetic acid, and then boiling the extract with 
the diphenylamine reagent? Within 5 min there ıs 
rapid development of a purple-blue coloration, which 
increases in mtensity somewhat on longer heatmg The 
solution shows a characteristic absorption band m the 
ultra-violet region at 5800-6000 A 

When imterfermg substances are present, as shown by 
an alteration m the colour observed, the utahty of the 
reaction may be preserved bv suitable modifications’ If 
the correct colour is produced ıt 1s generally assumed that 
no interference is occurrmg However, we have observed, 
on occasion, a normal colour with material, which on closer 
examimation gave no maxunum n the region expected 
Instead a peak occurred at 5000-5500 A, often accom- 
panied by a second peak at 6500-6800 A, sometimes 
having a shoulder at 5700-6000 A Reference to the 
hterature® showed that the cause of this type of mter- 
ference was suggested to be mucopolysaccharides 

With pure DNA it ıs usually considered that boiling 
for 15 min is required for full colom development’ 
although 10 min was suggested to be sufficient by other 
authors? When small amounts of nterfermg material are 
present considerable maccuracies appear with 10-15 min 
heating and to obtain reliable estumates ıt 1s best, I find, to 
restrict heating to 5 min, smce the colour from the mter- 
fermg material develops more slowly than the colour from 
the DNA To obtain reliable figures for DNA when large 
amounts of interfermg substances are present I find 1t most 
useful to plot absorbance agamst time of heating, in the 
region 5800-6000 A 
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Since the pure DNA/diphenylamine-reagent colour 
shows only weak absorption in the region of 5400 A and of 
6600 A, a similar plot at these wave-lengths gives a good 
indication of the rate of development of mterfermg colour 
Plots ın these two regions usually give smooth curves 

In the 5800-6000 A region, however, such plots pro- 
duce curves with a sharp break at about 5mm Back- 
extrapolation of these curves from 30 mm through 10 min 
to zero time gives a good measure of DNA concentrations, 
since there 1s little crease m mtensity due to DNA after 
this time 

Fig 1 shows the variation ın the absorption spectrum 
with tıme for a typical test Fig 2 shows the plot of 
absorbance against time at different wave-lengths to 
illustrate the foregomg points 

Alternative methods of assay® should be used as a further 
check, af possible, although considerable divergences of view 
exist as to the interpretation of some of these methods!® 

To gain further evidence concerning the nature of the 
materials mterfermg m the Dische test, a number of 
substances were subjected to the test Table I hsts those 
compounds which gave sumular colours under the test con- 
ditions, together with the absorption peaks associated 
with the colour 

Although in certam cases a careful comparison of the 
colours produced, when a compound and DNA. were 
separately tested, distinguished the compound from DNA, 
if tested m admixture the resultant colour was visually 
indistimguishable from the colour produced by DNA alone 

In each case, however, the rate of development of mter- 
fermg colour was slower than the initial mcrease m 
intensity at 5900 A The addition of known amounts of 
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Fig 1 Spectra obtamed from mterfering substances compared with those 


from lactatmg mammary gland +, 5-Methyl furan heated 30 mim, 
@, fructose heated 30 mun, O, mammary gland, heated 6 min (B), 


A; mammary gland, heated 36 mm {C} 


16 


Absorbance 





x 


15 20 25 30 
Min 


Fig 2 Change of spectra with time of heating O, Mammary gland 
at 590 mz, ©, mammary gland at 660 mz, @, mammary gland at 
540 mu, x, DNA at 590 me 
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Fig 3 Absorption spectra from DNA and from DNA — 5-methyl 


furan mixture Compare Fig 1, Band C ©, Mixture heated 30 mm, 
4, mature heated 10 min, @, DNA alone 
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Spectra from DNA ~— §-hydroxymethyl furfuraldehyde mature 
(aldehyde obtamed from sucrose treated with trichloroacetic acid) 


Fig 4 


©, Mixture heated 30 mm, +, mixture heated 10 min, O, mixture 
heated 5mm, A, DNA alone Compare Fig 1, B and C 


DNA to test solutions of these compounds showed that 
reasonable accuracy was obtamed by the extrapolation 
suggested, and that the measurement of intensity after 
5 mim heating, although less accurate, gave moder- 
ately satisfactory results under controlled conditions 
Some of the compounds listed (Nos 1-5, 16, Table 1) are 
known to occur often in tissues!4, while others (Nos. 6-15, 
Table 1) are ethor uncommon or have not been noted to 


occur 
However, since treatment with hot trichloroacetic acid 


is a prelimmary to the test, 1t should be noted that hot 
acids convert the methylpentoses, rhamnose and fucose’, 
to 5-methylfurfuraldehyde (compound 12, Table 1) and 
convert ketohexoses™ and sucrose“ to 5-hydroxymethyl 
furfuraldehyde (compound 7, Table 1) 


Table 1 
Compound Absorption maxima (A) 
Fructose 
Sorbose 
Fructose 1-phosphate 
Fructose 1,6-diphosphate 
Sucrose 
Levulmaldehyde 
5-Hydroxymethy! furfuraldehy de 
2.Deory-giucose J 
2-Deoxy-galactose 
10 Glucal 
11 Galactal E 
12 5-Methyl furfuraldehyde 5500 
13 2-Methyl furan 5850 
l4 5-Methyl furfury! alcohol 
15 4,5-Dihydroxy valeraldehyde 5550 
16 Sialic acids (various samples) Deep violet-blue colour, 

maximum not determmed 
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In certain plant tissues, where interference has occurred, 
high concentrations of methyl-pentoses are probably 
responsible m some cases, and high concentrations of 
sucrose and/or fructose m some other cases In animal 
tissues interference of this type has so far been encoun- 
tered m normal serum, ın. lactatmg mammary gland, and 
ın certan disease conditions, for example, some types of 
rheumatoid arthritis, among other cases 

I suggest that the nonulosaminic (sialic) acids are a 
common cause of interference Not only are these acids 
often associated with methyl-pentoses (6-deoxy-hexoses) 
(for example, fucose), which may give an mterfermg 
colour by conversion to methyl-furfuraldehyde, but m 
addition they themselves give a blue-violet coloration 
when treated with the Dische reagent In the past few 
years these acids have been found to occur im a large 
number of tissues (Table 2) meluding those found to 
give trouble in this test 


Table 2 OCCURRENCE OF NONULOSAMINIC (SIALIC) ACIDS, AND THE 
CARBOHYDRATES FOUND IN ASSOCIATION (REF 18) 


Origin. Associated sugars 


Mucin of bovine submaxillary gland N-Acetyl-glucosamuine, glucose, 
glucosamune, fucose, Mannose 14 


Ref 


Bram (especially ganghosides), serum’, 
cerebrospinal fluid, erythrocytes, 
saliva, vitreous humour, urme, 
bronchial and epithelial tissue, 
liver*, mammary gland (lactating) * 

Milk (human) *, colostrum (bovine)* 


Mannose, fucose, galactose, 
galactosamine, glucosamime 15 


Laetose, galactose, glucose, 
fucose, N-acetyl-galactosamine 17 
E cola 16 


Abnormal Dische tests so fa: found with the tissues marked with an 
asterisk (of ref 19) 


The main purpose of this communication 1s to pomt 
out the need for careful checkmg of the absorption spec- 
trum when usmg the test, particularly on materials not 
previously characterized, or where alternative assays are 
not carried out A subsidiary purpose is to suggest that 
where interference of this type 1s encountered, this may be 
partially diagnostic of unusual concentrations m the tissue 
of some of the substances listed, and ıt may be useful m 
some cases to carry out further tests for these compounds 

I thank Prof Wesley Cocker and Dr R F Phillips 
for ther advice 
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Variants of «,-Acid Glycoprotein 


In a recent publication’, «,-acid glycoprotem, a human 
plasma glycoprotem, was shown to be polymorphic 
At pH 2 9, that is, near 1ts isoelectric pomt, seven zones 
were observed if tho mentioned protein had been isolated 
from pooled normal blood Moreover, 1t could be demon- 
strated that, followimg enzymatic removal of essentially 
all sialic acid, the modified pooled «,-acid glycoprotein 
resolved at pH 48 into two major and a minor faster 
moving component? 

In the present investigation experrments were cairied 
out to study further the latter obsorvation .«,-Acid glyco- 
protem was prepared from serum of normal adults and 
analysed by starch-gel electrophoresis at pH 48 Three 
types of patterns were observed (Fig 1) Type 1 distin- 
guished itself in that the slower moving main band 
exhibited tho maximum colour intensity, whereas Type 2 
showed the maximum colour at the faster moving main 
band Type 3 revealed the mentioned two bands to be 
almost equally coloured To evaluate the three types of 
patterns with regard to the homozygous and hetero- 
zygous properzies, furthe: analyses are needed 
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Fig 1 Starech-gel electrophoretic patterns of type 1 (1), type 2 (2) and 

type 8 (3) of a acid glycoprotem modified with neuraminidase The 

electrophoresis was carried out at pH 48 in T2 0 02 acetate buffer 

The protem was applied at the positions mdicated by O and migrated 
towards the anode {+} 


An. additional serics of experiments was performed to 
establish the relationship between the patterns obtamed at 
pH 29 using native a,-acid glycoprotein and those ob- 
served at pH 48 utilizmg native a,-acid glycoprotem 
from which sialic acid had beon removed enzymatically 
a,-Acid glycoprotem preparations from apparently healthy 
adults were analysed by starch-gel electrophoresis at the 
mentionod two pH values As judged from the relatively 
small number of exper:ments ıt appeared that Types 1, 2 
and. 3 were laigely associated with pH 2 9 patterns show- 
ing 7, 6 and 7 bands, respectively 

This work was supported by a grant from the US 
Public Health Service, National Institutes of Health 
(GM -10374) 


K Toxrrra 
K Scumro 


Department of Biochemistry, 
Boston University School of Medicme 
Boston University Medical Center, 
Boston 18, Mass 


"Schmid, K , Binette, 7 P , Kamiyama, S , Pfister, Vera, and Takahashi, 
Biochem , 1, 959 (1962) , akahash, § , 


* Schmid, K , and Binette, J P , Nature, 190,630 (1961) 


October 19, 1963 


Sorption of Copper by Wood 
A Constituents 
ord, Myers and Preston? have directed attention 


fact that cellulose and wood absorb copper ions and 
hey appear to be regularly spaced on a grid pattern 
sorresponding to the unit cell of cellulose. Bayley 
Rose? consider that «-cellulose has only a small 
i binding power and that the complexes formed in 
od consist of metal cations bound on the non-cellulosic 
nstituents. Belford eż: al.? observed that in wood 

regnated with preservatives containing copper-salts 
he middle lamella in particular stained very deeply with 
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orption of isolated wood constituents has been measured 
and the copper has been located in sections of treated 
wood by staining methods and electron microscopy. 
“Milled wood lignin’ prepared by the method of 
=o Björkman“, wood «-cellulose (40 mesh) and purified cotton 
cellulose (40 mesh) have been examined for their copper 
+ binding capacity by the following method. A specimen of 
each material, 0-1-0-5 g, was shaken for 1 h in 5 ml. of 
0-3 per cent copper acetate solution at about 20° C. 
‘The mixture was then filtered, the specimen washed with 
distilled water and the filtrate discarded. It was then 
-washed three times with 10 per cent acetic acid and the 
~eombined acetic acid filtrates evaporated to dryness on a 
steam bath. The organic matter present was destroyed by 
heating on a hotplate with sulphuric—nitric acid mixture 
and the copper determined by the spectrophotometric 
- rubeanic acid (dithio-oxamide) method of Center and 
_ Macintosh’. The results are given in Table 1. A similar 
test on the residual lignin after the acetic acid washing 
showed that it retained no significant amount of 
copper. 
These copper sorptions of cellulose are much lower than 
. those recorded by Belford, Myers and Preston! and eon- 
sistent with those observed by Michie‘, allowance being 
made for the different conditions by his equation (1). 
‘However, the absorption of copper by the milled wood 
lignin was, as shown in Table 1, much higher than for 
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cëllulöse, 
Table 1. COPPER SORPTION OF Woop, CELLULOSE AND JAGNINS (GRAMS 
OF COPPER PER 100 6) 

Eucalyptus regnans wood 0-088 

Wood a-cellulose 0-040 

Cotton-——purified 0-038 

E. regnans milled. wood lignin 0-361 

de. gontoealye milled wood lignin 0-325 

Oo Ue gegname methanol lenin 0-154 

oo P. padiale compression wood milled wood lignin 01258 


COSSO It has been shown by me’ that these milled wood 
1: lignins retained some uronic acid and that their infra-red 
spectra showed a band at 5-8y attributable to carboxyl 

groups. Milled wood lignin from compression wood was 

exceptional in that this band was absent. No such band 
was observed in the spectrum of methanol lignin’. How- 
~ ever, it may be seen from Table 1 that a significant 
- sorption of copper by both these lignins occurred. 
Examination of the infra-red spectra of copper-treated 
> milled wood lignins showed only a small reduction in 
-intensity of the band at 5-8u. This indicates that, as 

-would-be predicted by Mitchie’s equation for the condi- 

“tions of our experiment, only a fraction of the carboxyl 

groups reacted with copper. Furthermore, there is 

extensive sorption of copper on lignin by some other 
mechanism. This suggests that groups other than carboxyl 

- groups are also involved, but appears to be in accord with 

- the view of Bayley and Rose that most of the copper 

sorption is on the non-cellulose constituents of the 

wood. 

General confirmation of this conclusion has been 

tained from the optical and eleetron microscopic 

amination of sections treated with a solution of copper 
phate. Fig. la shows a transverse section of Pinus 
diata impregnated with copper sulphate and stained 
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dithio-oxamide. In the work now reported the copper. 





F 


267 


photographed between crossed nicols. It can be seen that 
copper is observed in or external to the layer S, of the 
secondary wall. An electron micrograph of a similar 
section of copper impregnated wood is shown in Fig. 2, 
the dark area indicating the presence of copper. It is 
apparent from the greater resolution in this picture that 
most of the copper was taken up by the primary wall P 
and intercellular layer. From ultra-violet absorption 
measurements, Lange? coneluded that more than 70 per 
cent of the cell wall lignin is located in this region, so that 
these results are consistent with the suggestion that most 
the copper taken up by the cell wall is attached to the 
ignin, | 





tt b | 


Fig. 1. Transverse section of Pinus radiata copper treated. 


(a) Stained 
with dithio-oxamide: 


(b) same section between crossed nicols 








Fig. 2. Electron micrograph showing intercellular layer in copper 
treated Pinus radiata 


I thank Dr. A. B. Wardrop for discussion of the results 
of microscopic examination of the treated sections and 
M. Menshun for assistance. 
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with dithio-oxamide. Fig. 1b shows the same section mes 


















. -Perinatal Changes in the Fluid and i 
_ Electrolyte Content of Rat Liver 


-Oxe of the difficulties of providing a satisfactory 
: dese ption of the fluid and electrolyte content of a tissue 
choice of a reference framework to which these 
contents can be related!:?, It is usually sufficient to relate 

1 omposition to the weight of the dry solids of the 
issue; but in cases where some component of the dry 
solids may be subject to physiological variation, mis- 
leading conclusions may result from a comparison of data 
expressed. i in such terms. A striking example of variation 
in the composition of the dry solids is seen in the develop- 

iz rat liver. Thus, recalculation of data reviewed by 
Shelley? shows that in this tissue the glycogen content 
creases from nil to more than 40 g per 100 g of the 
total dry solids during the last four days of gestation, and 
mm falls to 5 g per 100 g within the first day after birth. 
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ee: solids, ‘both the water 
. » liver decrease during 

ration. of our earlier findings”, 













the: valor ‘and potassium contents per unit fat-free solids 


were found to increase during the first day after birth and 
then to decline during later growth. On the other hand, 
when expressed in terms of the protein content there 
emerges a somewhat different picture of the changes in 
liver composition durmg the perinatal period. Thus, 
just before birth, the water content per unit protein 
increases; immediately after birth there is a large decrease 
in the water content, followed by a slower decrease which 
continues until adulthood. Both the sodium and potas- 
sium contents remain relatively constant during the last 
3-4 days of footal life. During the first day after birth 
the potassium content falls significantly, but the sodium 
content only shows a significant fall later, that is, between 
the ages of 1 and 4 days. The changes in water and 
electrolyte composition during the 12-24 h immediately 
following birth are partly, but not entirely, accountable , 








COMPOSITION OF DEVELOPING Rat LIVER. Y ALT EBS GIVEN REPRESENT ME AR: ob STAN ARD ERROR OF Mess (NUMBER OF OBSERV ATIONS) 












































We have previously shown that there is a rapid increase 
In liver water and potassium contents relative to the fat- 
free dry solids during the first day after the birth of the 
-rat?, Fenn‘ and Edlund et al.’ have shown that quite 
-> large variations in the glycogen content of the liver of 
fed and fasted adult rats do not affect the liver water 
- and potassium contents per unit dry solids, because 
deposition of glycogen in the cells is accompanied by an 
Influx of water and potassium and vice versa. This 
Ror observation would suggest that the change relative to 
=- the dry weight in the water and potassium content of the 
vat liver immediately after birth may not be entirely due 
“to the varying contribution of glycogen to the total tissue 
„solids. Nevertheless, the temporal association between 
the fall in the liver glycogen and the increase in the liver 
= water and potassium per unit fat-free solids was suffi- 
ciently striking to warrant further investigation. We 
now report the protein, water, potassium and sodium 
contents of liver tissue taken from rats of differing 
perinatal ages, 
 . ‘Phe rats used were of local albino stock. The methods 
D ofo. the preparation of the tissue and for analysis of water, 
electrolytes and protein have been described pre- 
viously}? 26,7, The results, presented in Table 1, show 
<o that. total protein forms a markedly decreasing fraction 
of the 











e fat-free dry solids of rat liver during the late 
fe. By the age of 12-24 h post-natal, however, the 
rotein has increased to account once again for more 
half the fat-free solids. These changes in protein 
=o gontent occur simultaneously with the marked perinatal 
~~ changes in liver glycogen content*, However, 12-24 h 
old rats which were prevented from suckling had a lower 
liver protein content than did suckled animals of this 
age-group (Table 1), despite the fact that the unfed 
animals have a lower glycogen content*. The changes in- 
protein content per unit fat-free solids that occur during 
the perinatal period are thus not solely a consequence of 
the changing contribution of glycogen to the total fat-free 
solids of the tissue. 













Apne 

Ete | Water : Potassium Sodium | 

Defi CARE _Protein (kg/kg) (m.moles/kg) (m, moles/kg) i 

(dave gikg FEDW* --—----——--—— anaana amne oe er en intent ania Seena 

ioe FFDW Protein | FFDW | Protein FEDW Protein i 
Jomi E E E E NE ncn aaan a tient wtp omelet, PETET Aea 

Fetal: w | | | | 

i PF18 »  B532389(4) | 4-430-29(9) [7 1440-68(4) | 7024.45 (9) 1,185 4-108 (4) 282425 (9) | s | 

| 19-20 | $90422(5) | 42440-0611) | 7-185:0-16(5) | 59616 (11) 95939 (5) | 23841211) 422-45(5) | 

| 794 4784195) | B-3L-£0-08 (8) | 7-55 0-27 (5) | #40512 (8) 951 +15 (5) | 193419 (8) 437 4-47 (5) | 

| ay » «6 884-0(10) | 3-144005 (15) | 838-011 (9) 370-1115) | 97541 8} — 170410 (15) 421-438 (9) | 

| | | | | 

i Post-natal : i i | | i 

08-10 Fed | 663-10 (6) | 3-89-2.0-06 (12) | 6-0140-09(6) —— 1417 (12) | 840484(6) 24541412) 408 82. (8) | 

pe Unfed | 491422 (3) | 34640-0403) | 7064+033 (3) | 440421 (3) | 99487 § 19041603) | 391445 (3) | 

ey 618-13 (5) | B-164:0-07(8) | 5-0840-15 (5) — 448 517(8) 7442005) 191 E24 (8) 3394834 (5) | 

~ Adult | O94 137(5) | 2°3940-04 (13) | 4°02-50-14 (5) | 885413813) 604 £18 (5) 140+ 26 (13) 246-50 (5) | 


_ liver water content are due to decreases 
of ‘both. ‘extracellular’. and ‘intracellular’ 


L. 


Hatiin eiaa Ana Hee el yntaa t germ, 


*FFDW, fat-free dry weight. 


in terms of intake of food during this period. New-born 
ni which were not suckled during this time are found 
to have a higher water content per unit protein than fed 
animals (Table 1); the sodium and potassium contents 
of the fed and unfed rats are, however, not significantly 
different. . 


Table 2, TISSUE WATER COMPARTMENTS oF DEVELOPING RAT Liver 


(ke/ke protein} 


Age n ava Extracellular = Intracellular 
(days) water water 
Foetal : 

19-20 0:-40-+0-01 2°87 0°04 4-2640-17 
oy 5 0°89 +0 05 2-89 + 0-38 4°66 40-48 
32 a 0-33 -£0-03 2-81 0-28 5-58 20-20 
Post-natal : . 
0-5-10 Fed 6 0°46 40-03 2:77 4-028 3-27-4020 
Unfed 3 0°37 £0-03 2-67 4-0-31 440-5049 
4-5 5 0-48 4-06-05 2:30 40-25 2-77 +029 
Adult $ 0-47+0-11 188-40-36 21i 0-50 


aNa ts calculated as (Na concentration in liver water) (Na a concentration in 
extracellular water) and is taken as a measure of the fraction of the whole 
water content of liver which is extracellular. The water contents of the 
extracellular and intracellular compartments can be calculated from aNs 
eee the total water content of liver tissue (WYkg/: ke protein from the 
relations : 

Extracellular water =aNa W kg/kg protein. 

Intracellular water =(1-ana W ke/kg protein). 


In Table 2 are shown estimates of the quantities of 
liver ‘extracellular’ and ‘intracellular’ water per unit 
protein calculated on the two assumptions that all the 
liver sodium is extracellular and that the concentration 
of sodium in the blood plasma remains constant during 
growth’ at a value of approximately 161. m.moles/kg 
water, It can be seen that the volume of ‘extracellular’ 
water per unit protein remains constant. during the last 
3-4 days of fostal life and the first day after birth; during 
this period the changes in total water content ar 
due to changes in the quantity of ‘intracellular’ 
unit protein. During later growth the 















ges. i in the 
e amounts 
water. per unit 
protein. . i 






























indidate that very different pictures of the 
liver water and electrolyte contents during 
given by the use of different reference materials. 
that, for comparative purposes, an adequate 
m of the fluid and electrolyte composition of 
quires a knowledge of the content of organic 
as well as that of the water and minerals. 

f as (G. D. V. v. R.) was a NATO Research 
and thanks Prof. E. C. Slater for his hospitality. 
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Strontium - Calcium Discrimination by the 
Human Placenta 


e TR ‘ability of the placenta to discriminate between 
> strontium and calcium has been demonstrated by Comar 
et al. in double tracer experiments using rats and pigs’. 
ee They found that the strontium/calcium ratio of the footus 
was: considerably less than that of the mother. In the case 
of rats, the strontium/calcium ratio of the fœtus was 0-55, 
oo and o 65 times that of the mother, while for rabbits the 
fetus had a strontium/calcium ratio 0-49 times that of 
| the mother. 
An estimate of placental discrimination in human 
-beings has been made by Bryant and Loutit by comparing 
the stable strontium/calcium ratio of bones obtained from 
adults with that found in the bones of still- births and 
ew-born infants?. The authors assume that there is no 
| iscrimination. between blood and bone and that, there- 
i lacental . discrimination is rmacasured by the 
strontium/calcium in the infant bone to the 
njealeium ratio in adult bone. In the subjects 
‘them this ratio was 200/320 or 0°62. 
ne? laboratory we have attempted to measure 
mtal- discrimination in human beings somewhat more 
ectly, by. determining | the concentration of stable 
8 ‘ontium in serum from blood taken from the fotal 
n rnal sides of the placenta at birth. If the calcium 
oncentration. of the blood on either side of the placenta 
3 sumed. to be the same, then the ratio of the stable 
3 concentration. in the infant’s serum to that of 
nis a measure of placental discrimination. 
imately 10-20 c.c. of whole blood were taken 
io maternal and foetal side of the placenta immedi- 
ter birth and placed in sterile test-tubes. The blood 
wero reamed and centrifuged and the serum 
oved. ‘The serum samples were then sent to a com- 
cial laboratory for stable strontium determination by 
tivation analysis. 
thod used was to lyophilize known masses of 
m, woi igh the dried samples and enclose them in 
ief il capsules. These samples, along with 
proposa Se om a satanlara strontium sample, 
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about one week. After irradiation, the samples and 
standards were removed from the aluminium foils, 
dissolved in 16 N nitric acid in the presence of strontium 
carrier, and duplicate aliquots of the solution were taken 
for analysis. The strontium fraction was purified radio- 
chemically by repetitive precipitation of St(NO;), with 
fuming nitric acid, followed by scavenging precipita- 
tions of Fe(OH,) and BaCrO,. The strontium was re- 
covered as SrCOQ, and weighed to determine the chemical 
yield. The strontium-85 (64-day half-life) content of each 
sample was then measured by y-spectrometry. | 

The stable strontium content of each blood serum 
sample was determined from the respective strontium-85_ 
counting rates and chemical yields of the samples and 
standards. The accuracy of individual analyses was estim- 
ated to be + 10 per cent. 


Table 1. STABLE STRONTIUM IN MATERNAL AND NEW-BORN Broor. ‘SERA 


AND THEIR RATIO 


(ug Strontium/ml.)} 


Case Maternal New-born Ratio 
M (N) © (N/M) 
1 0134 0-064 Fi 
2 0-066 (O57 86 
3 0037 OE5 1-22 
4 0-078 0-032 G41 
5 0-080 0-053 DSS 
G 0-040 O42 1-05 
7 14% 0-069 47 
8 0-080 0-134 1-68 
9 (080 0-084 2D 
10 148 (145 0-98 
11 0-066 O-O77 LIF 
12 151 (7-040 O26 
13 0-055 * 139 * 258 * 
14 0-246* 0-080 * O33* 
15 0-060 (+043 DTA. 
16 0-167 “069 4t 
17 0-146 103 Ea 
Average (17 cases) 0 0948 0075 0-80 
SD. + 0-045 + 0-086 + OS7 
Average (15 cases) 0-097 0070 G-B23 
SD. +0045 +003 + O38 


* Excluded in second average. 


Results of the analyses of 17 pairs of samples are pre- 
sented in Table 1. The average concentration of stable 
strontium in the mothers’ sera was 0-10 pg/ml. with a 
standard deviation of 0-06 pg/ml. The average. concen- 
tration of stable strontium in the new-born infants’ sera 
was 0-08 ug/ml. with a standard deviation of 0:04 ug/ml. 
The ratios of the concentration of stable strontium in the 
serum of the new-born to that of the mother ranged : 
from 0-26 to 2-53. The average and standard deviation of- 
these ratios was 0-89 + 0-57. 

Because of the wide range of values obtained, the 2 
results wore analysed statistically to see if any of the | 
observations could be rejected on the ground: that t ey. 
were from a population with a different mean 3 
test devised by Dixon’, the concentration of str 
in the mother of Case 14, and the new- ‘born a 











reapoctive populati ions and were ctisequently re 
Average values for the new population of 15 case he 
mothers’ sera 0-10+0-05 ug/ml., new-borns’ sera 0-07 + — 
0-03 ug/ml, and new-born/mother sera of 0- 8240-38, O 

If the assumption that the concentration of. calcium 
in the new-born infant’s blood is the same as that of the 
mother’s blood, then the observed statistically significant 
difference in the strontium concentration of blood taken 
from the two sides of the placenta is an indication, of 
strontium-calcium discrimination by the placenta. The 
magnitude of this discrimination is given by the ratio 
of the concentration of strontium in the new-born’s 
serum to that in the mother’s serum. This ratio was 0- 82 + 
0-38, a result which is in general agreement 
findings of Bryant and Loutit that placental di 
tion in human beings is less than that. obse VO 
and rabbits, but that it does occur: Boe ie) 

Tf, on the other hand, the condenteations of : min 
the mother’s and infant’s blood are assumed tobe different... 





































her can be Apod: to be 0-62/0°8 
of the ‘hew-born: This increased aonecnteation of 
in the os 8 serum as sda A with that of 
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| : Inmas on Capillary Permeability of Lymph 
Ee discharged from a Scald 


o Arrenton has recently been directed to the protein 
permeability factor while investigating the pathogenesis 
of disturbance of the capillary permeahbility'*. 
Investigations were carried out to determine the pro- 
- perties of lymph discharged from a scald. The lymph was 
collected from the popliteal nodes of rabbits (2-0-3-0 kg) 
=o and proteins were separated by paper electrophoresis 
< {veronal buffer, 0-023, pH 8-6). The influence of lymph 
on. capillary permeability was investigated by intro- 
-ducing the lymph (0-1 ml.) intracutaneously into a rabbit 
< previously injected intravenously with T-1824 or trypan 
blue (10 mg/kg). The scald was caused by dipping the 
- hind-leg into water of 80+ 2° C for 1 min, and 50+0-5° C 
— for 5 min. 

In the lymph collected from 15 rabbits, 30 min and 
.- 24-h after the burn at 80° C (Table 1) protein concentration 
-o increased, the A/G coefficient decreased and 8-globulin 
< concentration increased {P <0 '001). In lymph obtained 
< 24 h and, in several cases, 30 min after the burn, an 
-o additional globulin fraction was registered, located 

between B- and y-globulin (8,-globulin). 

Results from scalds made at a lower temperature 
econ (50° C) with 10 rabbits were somewhat different. The 
-oo protei concentration in the lymph increased (P < 0-001), 

-.-but-the A/G coefficient did not decrease; 8-globulin con- 

- @entration did not increase, nor was any additional 

a p- -globulin fraction discovered. At 50° C the actual swell- 
-ing appeared after 20-2-5 h and continued increasing 
o -during 24 h. In contrast to the experiments at 80° C no 
a destructive changes were noted in scalded paws. 

~The lymph obtained 24 h after scalding at 80° C in all 
caused acute disturbances in the capillary perme- 
ab y. The influence of the lymph obtained 30 min after 
ald was weaker. Lymph collected 24 h after scalding 
-did not provoke permeability derangement, while 
btained 30 min after scalding was. active only in 7 
of 15 experiments. 
ihistamines (‘Dimedrol’, ‘Alphadril’) practically 
ated the influence of the capillary permeability of 
ph collected 30 min after scalding at 50° and 80° C, and 
here was a slight weakening of the influence of the 
a ph obtained 24 h after scalding at 80°C. This might 
eee: ra piained by the participation of histamine in the 
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The | rance of- unusual’ B- globulins in the rabbit’ s 
lymph during scalding coincides with previous investiga- 
tions made m our laboratory’. It seems that during 
inflammation not only are the existing globulin perme- 
ability factors activated but also unusual globulins 
are formed®, 

In spite of intensive swelling at the site of the scald 
at 50° C, the lymph after 24 h did not cause capillary 
permeability disturbances and did not contain histamine 
and globulins with unusual electrophoretic mobility. 
It is possible that under the influence of moderate tem- 
peratures the mediators causing capillary permeability 
derangement in rabbits, just as in rats, are other factors 
affecting permeability® !°, 

I. A. Ovvin 
S. M. SHEGEL 
E. G. YAGODKINA 
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PHARMACOLOGY 


Quaternized Sympathomimetic Amines 


In their paper on sympathomimetic amines, Barger 
and Dale! described the action of hordenine (the N : N- 
dimethyl derivative of tyramine), and showed that the 
Stee aa derivative, hordenine methiodide (1; R= 

= H), had a nicotine-like action. 


HO “Son R’CH,N(CH, bs» x 


(1) 
(X = chloride, bromide or ER 


They also found that the trimethylammonium derivative 
(1; R’=OH, R” =H) of dopamine had a stronger nicotine- 
like action, about as strong as nicotine itself. 

These compounds, Bessey with the trimethylammon- 
ium derivative (1; =R" = OH) of noradrenaline, have 
recently been Ane again by our colleague, Dr. A. M. 
Creighton, and have been compared with nicotine on the 
blood pressure of a spinal cat, and on. other preparations. 
The full results will be described in detail. elsewhere. 
Calculations. were made in terms of active base. The 
general statement can be made that: (1) hordenine 
methiodide was found to be approximately equal to 
nicotine in pressor action; (2) the quaternary. derivative 
of dopamine was about four times as active as nicotine: 
(3) the corresponding derivative of noradrenaline pos- 
sessed only one-tenth of the action of nicotine. Thus the 
nicotine-like action was greatly reduced when R” = OH. 

These results led us to compare the pressor effects of 
ethyltrimethylammonium:- bromide with that of choline 
chloride. « Both compounds have a pressor action in the 

inal cat which is abolished by hexamethonium. Ethyl- 
i Orca 40. times 
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group attached to the -carbon atom greatly reduced 
ine-like action. ; 
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“Skin Reaction to intradermal Injection of 
Rare Earths 


- THE availability of highly purified rare earths, elements 
-21 and 58-71, has stimulated interest in their chemical 
and physical properties'. Haley et al.?-* have examined 
-their biological effects and reported that although they 
-ean produce non-specific liver damage they exert their 
. greatest toxicity on the ocular and dermal tissues. How- 
ever, even this damage can be repaired with time and 
<o Fesults in no permanent injury. Recently, it was observed 
. that the intradermal injection in guinea pigs of 0-05 ml. 
aqueous solutions of 1 x 10*-1 x 10° concentrations of 
<o praseodymium, neodymium, europium, dysprosium, hol- 
zio muam, erbium or lutetium chlorides resulted im the 
=< formation of 2-mm diameter nodules containing crystalline 
< deposits (Fig. 1). Observation for periods of 45 days 
_ showed no decrease in nodule size or any resorption of the 
-erystalline deposits. 
Differential staining of histological sections. with 
Dominici, Prussian blue and von Kossa stains indicated 
the presence of histiocytes and foreign body giant cells 
surrounding the crystals with fibroblasts and granulation 


Dermal reaction to injection of 0-05 mil. of 10° lutetium chloride 

pigs. Upper photomicrograph illustrates presence of keratotic 
KD), stratified squamous epithélium (SQ) and crystalline 
CD), Lower photomicrograph illustrates foreign body giant 
sin lower right-hand corner of upper photomicrograph 
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reported here. 


erythema in man is 960 mg. 


3 


tissue extending into the area. There was an indication 
of calcium but no iron in the crystals. Considering the 
total amount of rare earth injected, 0-05-5 ug, further 
analysis was not possible to establish the exact com- 
position of the crystals, Furthermore, analytic procedures 


for the rare earths are non-specific and the presence of 


other ions would interfere to the extent of negating a 
more complete analysis. Of prime importance is the 
tissue reaction to such low levels of element and its 
implication to industrial prevention of injury during 
chemical processing. A re-evaluation of the other members 
of the series is being undertaken to determine whether or 
not they also can induce such changes in tissue at the 
same concentrations. 

This work was supported by contract AT(04-L)GEN-12 
between the Atomic Energy Commission and the Univer- 
sity of California. ee 
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Some Biological Properties of ‘Ibufenac’, 
a New Anti-rheumatic Drug 


For some years we have been investigating the biological: 
properties of substituted phenylalkanoic and phenoxy- 
alkanoic acids and related compounds. . 
describe briefly the properties of one of these, ‘Thufenac’, 


We wish to 


which Chalmers and Duthie have recently shown to be 


effective in the treatment of rheumatoid arthritis". 


‘Ibufenac’ (British Pharmacopmia Commission 


approved name) is 4-isobutylphenylacetic acid, a colour- 
less crystalline solid, melting-point 85°-87° C. It is -rela-. 
tively insoluble in water, but readily soluble in. most 


organic solvents. | 


This compound has been tested by the oral route ina 


number of different anti-inflammatory and analgesic 


tests, and the results obtained in some of these are 
The anti-miammatory activity of. 


‘Tbufenac’, as assessed by an ultra-violet erythema test 
in guinea pigs, is 2-4 times that of aspirin. Its analgesic 


activity, measured by a modification of the method. 
described by Randall and Selitto*, is also 2-4 times that 
of aspirin. The antipyretic activity is approximately 


4 times that of aspirin when measured over a 4-h period 
in the yeast-fevered rat. The minimal effective dose of 
‘Tbufenac’ for reducing thurfyl nicotinate (‘Trafuril’) 
The compound exhibits no 
glucocorticoid activity when tested in the mouse by a 
modification of the method described by Silber‘. 

The acute oral DD,, in mice is approximately 1,800 
mg/kg. Rats given 250 mg/kg daily for «6: months 
remained in good health and the only abnormality at 
necropsy was slight enlargement of the liver, kidneys and 
adrenal glands, which was reversible. Dogs were given 
daily oral doses of 40, 80 and 160 mg/kg fer 6 months; 


some animals receiving 80 and 160 mg/kg showed simple » — 


renal hypertrophy, but kidney function was normal and 
there was no histological abnormality; gastric damage 
was found only at the highest dose. a 

























2-4 mg/100 ml. in 2-4 h. Small, but detectable, amounts 
were present 8 h after the dose. 
“The same two principal metabolites were found in the 
ne of the rat, rabbit, dog and man. Neither of these 
tabolites (extracted from the urine of subjects receiving 
Tbufenac’) had analgesic or anti-inflammatory activity 

en tested by the oral route in animals. Preliminary 
etabolic studies in men and dogs indicate that the 
compound does not accumulate in the body. 

oe: S. 8. ADAMS 
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HAMATOLOGY 
The Camel’s Erythrocyte 


THE camel’s ability to live without water for long 
periods is outstanding?:*.*.*, It can lose about 30 per cent 
of its body-weight during dehydration in the desert and 
still move about!?, A dehydrated camel can regain its 
Josses of water (about 30 gallons) in about 10 min and 
resume its normal appearance; despite the large flow of 
water into the bloodstream its erythrocytes are not 
<= hemolysed. In human beings the entry of 600 ml. of 
water into the circulation will produce hemoglobinuria". 
It is also known that cattle (in hot environments) deprived 
| of water and then given large amounts of it may develop 
hemoglobinuria. This, however, has never been observed 
in camels, according to statements made by camel 
 Yaisers.. 

This unusual erythrocyte behaviour initiated the 
investigation of the rate of swelling and the osmotic 
<- Pesistance of the camel’s erythrocyte to hypotonic solu- 
tions. Camels in Israel are of the single-humped ‘drome- 
<- dary’ variety; they are found mainly in the hot and arid 
_ southern Negev. In the work recorded here, blood samples 
. from 20 clinically healthy camels were compared with 
~blood samples from 20 Holstein~Friesian adult healthy 

_ cows. Heparin served as anti-coagulant. 
. The rate of swelling of the erythrocytes in hypotonic 
_ buffered sodium chloride solutions and their osmotic 
_ . Yesistance were carried out according to a modification 
«of the Guest and Wing method?. The modification is 
_based.on the use of microhematoerit centrifuge and 
__. tubes’. One volume of packed erythrocytes is placed 
. for one hour into test tubes containing four volumes of 
sodium chloride solution, with varying concentrations, 
ered to pH 7-3. The successive steps in the chang- 
ig concentrations of the salt solutions used in the series 
in the range of 0-9-0-5 per cent and 0-025 per 
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Fig, 1. Changes in volume of erythrocytes in hypotonic buffered salt 


solutions. 1, Normal adult camels; 2, normal adult cattle. (The initial 
hematocrit value counted as 100 per cent) 


and calculated in percentages on the basis of the first 
tube (0-9 per cent sodium chloride solution) the hamato- 
crit value of which was taken as 100 per cent. 

Fig. 1 and Table 1 show the osmotic behaviour of the 
eamel’s and cow's erythrocytes in hypotonic solutions. 
At first the swelling of ail the cells raises the hematocrit 
values up to the point where the first trace of hemolysis 
appears (minimal osmotic resistance), and then falls when 
the loss of cells by hemolysis exceeds the increases in 
volume of the unhemolysed cells. The camel’s erythro- 
cytes are by far more resistant to hypotonicity than the 
cow's and its minimal osmotic resistance was achieved, 
therefore, in a much lower concentration of sodium 
chloride solution (0-22 per cent sodium chloride, camel; 
0-55 per cent, cow). 

During the first decrements of the sodium chloride 

solution (down to 0-55 per cent) the camel’s erythrocytes 
show the same rate of swelling as those of the cow. 
However, the maximal rate of erythrocyte swelling 
exceeds by far that of the cow (196 per cent of initial 
volume for the camel and 133 per cent for the cow (Fig. 
1)). 
Complete haemolysis of the camel erythrocytes was 
achieved at the very low sodium chloride solution of 0-11 
per cent, which deviates from the findings of Ponder’, 
while in cattle complete hemolysis occurred at a con- 
centration of 0-36 per cent sodium chloride. 

It can be observed from the curve (Fig. 1) that from a 
concentration of sodium chloride of 0-9 per cent down to 
0-35 per cent a relative linear increase in erythrocytes 
volume occurs, but at a less-steep angle than that obtained 
for the perfect osmometer?". This deviation from the 
perfect osmometer curve of the cell swelling suggests 
that this may be the result of the excessive binding of 
water by intracellular components!*, From a concentra- 
tion of 0-35 per cent sodium chloride down to 0-22 another 
type of behaviour is observed, expressed in a steeper 
increase in the erythrocyte volume. This further angle 
increase in the curve of camel cell swelling attains the 
perfect osmometer: 

Katchalsky et al.* attribute to the human erythrocyte 
membrane visco-elastic properties. When applying this 
to the animal erythrocytes one may presume that the 
elastic property of the camel red cell is smaller than that 
of the cattle and, therefore, stressing of the membrane does 
not cause counterstress as in a membrane with primarily 
elastic properties. 
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ing properties and membrane resistance, with 
ther elastic component, as compared with the 
Tho swelling of the corpuscle causes a counter- 
-tho membrane which in turn counterbalances 
nt of the swelling correspondingly; at a certain 
of swelling, the elastic wall ruptures under the 
al stress. This contrasts with the behaviour of the 
lastic and more viscous properties of the cell mem- 
es of the camel erythrocytes. 

would appear, therefore, that the capability of the 
blood to resist high dilutions is due to a numbor 
uses, among these the increased binding capacity 
© erythrocyte components for water and the large 
ng capability shown by these corpuscles. 
vestigations on the cell membrane components and its 
icture are being carried out at the present time. 

‘IT thank Mr. I. Horth and K. Lobel for their assistance. 
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IMMUNOLOGY 


Immunological Changes and Therapeutic Effects 
~ of Convalescent Serum after Injury by Burns 
_ Imarowonoercan changes after burns, induced by the 
breakdown of damaged skin tissues, were discussed half a 
=- eentury ago. Recently, reports from American and 
-Russian authors seem to indicate the formation of anti- 
-bodies against. body-own burned skin, and also for the 
herapeutic valuo of convalescent serum. We have tried 
0 cor firm these findings. 
abbita, guinea pigs, rats and mice were subjected to 
»xact reproducible burns of third degree and 25 per cent 
xxtent in general anesthesia. — Sensibilization was per- 
rmed by the intraperitoneal injection of extracts 
»btained from burned rabbit, guinea pig and rat skin, 
excised 2-96 h after a burn, or by implantation of excised 
rned skin into the peritoneal cavity of rats or guinea 
es. Convalescent serum from rabbits and rats was 
tained by bleeding 3-4 weeks after the burn. 
For testing the formation of antibodies, the following 










































cal methods were used: Ouchterlony technique, 
Dale technique, complement-binding-reaction, 
ibilization test. For determination of the effects 
escent serum, the following criteria were used: 
| counts, plasma histamine-level, blood pressure, 
ntent of the parenchymatous organs in rats, 
o survival time and rate after, if untreated, lethal 


n mice, and the mortality rate after injection of 


kin extracts. 


-Ouchterlony technique, all sera of sensitized 
gs gave positive reaction with extracts of burned 
bbits and with some extracts of burned skin 
a pigs. All sora of sensitized rabbits reacted 
h extracts of burned rabbit skin. All sera of 





mals, both guinea pigs and rabbits, gave 





NATURE E 273 


wi 


"bg 


È 


negative reaction with normal skin extracts, except one 
serum of a guinea pig. g 
In the Schultz-Dale preparation, after adding extracts 
of burned skin, the sensitized guinea pig uterus showed 
contractions of 30-75 per cont more than after addition of 
normal skin extracts. It is unlikely that histamine was 
responsible for this effect, since the burned skin extracts 
contained less histamine than those of normal skin. _ 
Skin reactions could not be induced in sensitized guinea 
pigs by burned skin extracts. Complement-binding 
reactions gave negative results. Pha a 
The determination of the effects of convalescent serum, 
injected in 2-ml. amounts intraperitonoally “to. rats 
subjected to burns as already described, in comparison | 
with samo amounts of normal rat serum or 0-9 per. cent 
solution of sodium chloride, gave the following results. - 
Post-traumatic leucocytosis was reduced by normal and 
convalescent sorum in the same degree; but not by sodium.. 
chloride. The histological picture in liver and kidney was _ 
not influenced by the application ofthe sera. .Theincrease — 
of water content of organs, well known after burns, was 
reduced by convalescent serum in the liver, with slight 
significance. Plasma histamine increase 1 h after burn _ 
was nearly completely inhibited by normal and conva- > 
lescent serum, without significant difference. Fall in — 
blood pressure, as measured from the rat tail, was noto- 
altered by the sera or by sodium chloride. Convalescent. 
serum injected in guinea pigs did not show any increase of 
the survival time and the survival rate of these animals. 
Survival time of lethally burned mice was prolonged 
by sera far more than by sodium chloride, but without 
any difference between the sera. Significant influence on o = 
blood pressure and on was 0 
observed after injection of a protease inhibitor Trasy- 
lol R’), Bo 
Our findings support the hypothesis of the development 
of immunological changes after burns, but they give no- 
evidence for any protective action of convalescent serum in - 
the therapy of post-burn disturbances. The- interval _ 
between trauma and excision of burned skin, and also the 
method of extraction, seem to be of special importance - 
for the results obtained in serological techniques. o0. 
L. Kosnowskr 
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Effect of Neonatal Thymectomy, Bursectomy = 
and Thymo-bursectomy on Hæmagglutinin — č 
Production in Chickens — 
 Srxce the demonstration by Glick et al.* that 
ized chickens have a reduced ability to produce 
to S. typhimurium, a large body of evidence has. 
importance of the bursa of Fabricius in the 
antibody-forming capacity in birds. 
tomized in early life are unable to manu 
However, 
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birds, An addition 


survival time and rate was only ee 


















‘Table 1. ANTE JODY RESPONSE OF NORMAL, THYMECTOMIZED, BURSKCTOM- — 


| o IZED AND THYMO-BURSECTOMIZED CHICKENS | 


S Age ato Graftin Mean peak 

Group time of No. of tage o agglutinin 

l l operation ehiekens* bursa donor) titre (loge) 
. Control oo 12/12 ~~ 922 + 079 
.. Phymectomized f 2 days TIT — 7-92 + 2-06 
o 'Phymo-bursectomized 2 days 6/8 = 292 + 2-14 
. | Bursectomized 8 weeks 9/9 ~ 10-12 + 6-40 
Bursectomized 2 days 10/16 oa 3-61 + 2°81 
- Bursectomized 2 days 17/17 2 days S21 + 3-03 
Burseetomized 2 days 15/19 & weeks 6-12 + 1-19 


_ | * Numerator, No. of chickens with hemagglutinins; denominator, No. of 
. @hickens in group. 

{Five birds had < 0-2 g, and two birds < 0-7 g, of residual thymus. 
Thymus weights in control chickens at 11 weeks were between 1-9 and 2-8 g. 


injected with 1-5 ml. of a 10 per cent suspension of human 


ae) erythrocytes. Seven days later the birds were bled and 


hemagglutinin determinations were carried out as de- 
 seribed proviously*. Since chicken antisera undergo in 
`~ wiro changes on standing’; all titrations were made 


G 5 days after bleeding. The cloaca and neck were examined 


-post mortem for the presence of bursal and thymic residua. 
— The findings are summarized in Table 1. Birds surgi- 
cally bursectomized or thymo-bursectomized at 2 days 
showed very low hemagglutinin titres. Bursectomy at 
8 weeks did not affect antibody-producing capacity, how- 
ever. These results agree with those of Chang et al.*, and 
Mueller et al., who found that only early removal of the 
bursa impaired the antibody response. Totally or par- 
tially thymectomized chickens showed normal hemag- 
glutinin production. The bursal implants clearly en- 
hanced the reactivity of bursectomized chickens, and 
new-born bursa was somewhat more effective than 8-week 
bursa. Histological examination of the mothyl-green- 
pyronine stained sections of spleens has revealed marked 
proliferation of plasmocytic cells in normal and thymec- 
tomized chickens 7 ‘days after immunization. Plasma 
cells were seen also in the spleens of bursectomized birds, 
but there was no proliferative response following antigenic 
stimulus. __ 

Bursa-homografts were rejected by bursaless chickens 
with groat uniformity. Eight days after grafting, that is, 
3 days after the injection of heterologous erythrocytes, the 

-periphery of the graft had been replaced by connective 
. tissue, and the adjacent areas were infiltrated with mono. 





Fig. 1. A, Bursa of Fabricius from 8-week-old chicken. Normal appear- 

ing follicles. Basement membrane separates the cortex from the medulla: 

4, bursa-homograft at the eighth day. Cellular make-up of follicles is 
totally destroyed. (x e. 20) 








nuclear cells. Bursal follicles in the central part of the 
graft were still recognizable as such, but their cellular 
make-up had been totally destroyed (Fig. 1). 

Bursa of Fabricius may share in birds some of the func- 
tions’~* performed in mammals by the thymus alone!+", 
The present work shows that neonatal thymectomy does 
not interfere with hemagglutinin production in chickens. 
On the other hand, neonatal bursectomy suppresses anti- 
body formation, but has no effect on homograft rejection. 
It is generally assumed that bursa acts as a source of 
lymphoid cells which are distributed to other tissues of the 
lymphoreticular system. Our observation that antibody- 
producing capacity is restored in bursectomized chickens 
by bursal homografts could be taken as evidence in 
favour of this supposition. but by no means rules out a 
hormone-like function of the bursa. In support of this 
latter contention Glick?? has reported that injections of 
saline extract of acetone-dried burse enhances to some 
extent the antibody response to sheep erythrocytes in 
bursectomized chickens. 

This work was supported by grants from the Yugoslav 
Foundation for Scientifie Research. 
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HISTOCHEMISTRY 


Blocking the Ninhydrin — Schiff Reaction 
with Copper lons 


Tue ninhydrin-—Schiff reaction of Yasuma and Ichikawa! 
has been widely used as a histochemical method for the 
detection of «-amino-acids?? and recently it was applied 
quantitatively in eytochemistry by Rappay and Törkt. 
Whereas the detailed mechanism of the reaction has not 
been completely verified at the histochemical level, there 
is now fair agreement as to the specificity of the reaction 
for proteins’, The present experiments endeavour to show 
that colour production may be markedly affected by the 
purity of the reagents used. 

Blood from adult individuals of Amblystoma mexicanum 
(axolotl) and Pleurodeles waltlii (a newt), obtained by 
decapitation and washed thrice with physiological saline, 
was smeared on slides, dried at room temperature, and 
fixed in Carnoy’s fluid and 80 per cent cold acetone for 
15 min. For some slides the fixatives contained 10-2 M 
of copper sulphate while others were placed in a 10-'M 
copper sulphate solution for 30 min. Both untreated slides 
and those treated with copper sulphate were incubated 
for 16 h in 0-5 per cent ninhydrin (‘Ninhydrinum’, 
C,H,0;H,O, mol. weight: 178-15) dissolved (a) in absolute 
alcohol free from metallic salts; (b) in absolute aleohol 
saturated with copper sulphate; (c) in 96 per cent aleohol 


with copper sulphate added to it in final concentrations 
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from 10° to 10-8 M. Treatment with ninhydrin 
wed by immersion in Schiff’s reagent for 
in. i 
From Table 1 it can be seen that in a medium free from 
per sulphate the ninbhydrin-Schiff reaction gave an 
ntense colour to nuclei and somewhat less staining of the 
-eytoplasm of erythrocytes from the two amphibian species 
studied; further, that copper sulphate, whether added to 
the fixative or applied after fixation, was without influence 
on colour intensity. On the other hand, both nuclear and 
-cytoplasmic stainability. were remarkably dependent on 
the copper sulphate concentration in the ninhydrin solu- 
tion. Apparently. concentrations of 10-?-10-* M copper 
sulphate’ were capable of completely suppressing the 
oo Reaction. : 
The suppressive action of copper sulphate may be 
= explained in several ways. One possibility is that copper 
-jons attach to the reactive sites of amino-acids participat- 
ing in the reaction, blocking the formation of aldehyde 
groups. Against this explanation is the fact that treatment 
with copper sulphate preceding incubation in ninhydrin 
_.. had-no influence on aldehyde-group formation and the 
= subsequent colour reaction. Another possibility considered 
is that ninhydrin itself becomes in some way bound to 
copper sulphate, This seems improbable in view of the low 
_ eoncentration of copper sulphate present in the incubation 
-mixture in relation to that of ninhydrin. The most likely 
> explanation appears to be that the copper ions, as metallic 
salts, are responsible for altering the reaction mechanism, 
_.. which generally would be an oxidative process. It merits 
mentioning that zine sulphate also suppresses formation 
of the aldehyde groups. necessary. for the reaction to 
PO EE oo | 
On the basis of the experimental evidence summarized 
here, the ninhydrin-Schiff reaction, particularly when used 
for quantitative purposes, calls for the use of high-purity 
reagents free from metallic salts. 
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rning Histochemical 

cof muscle fibres in the heart 

‘known for.a long time; but two problems in 
this peculiarity of myocardium are not as yet 


e first problem is concerned with the histo- 





ture of transverse striation and the second 
tional significance of the individual com- 


unication deals. with the distribution of 


ardiac musele fibres examined 














Copper sulphate (in molar concentration) 


In alcoholic ninhydrin solution (05%) — | 
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+, Colour intensity: -—, negative reaction; t, questionable reaction. 


Table 1. EFFECT OF BLOCKING THE REACTION WITH COPPER IONS 
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with the aid of polarizing and phase-contrast micro- 
scopes. E a eo 
Investigations were provided on 10 intact dogs, the 
contracting hearts of which were fixed in Shabadash’s 
fixator (calcium nitrate, 0-9 g; copper nitrate, 1-8 g; 
96 per cent ethanol, 90 ml.; 40 per cent formalin, 10 ml.) 
injected into the coronary vessels. The serial paraffin. 
sections (7u thick) were stained for total protein using 
Danielli’s tetrazonium method and for glycogen with the 
aid of periodic acid—Schiff reaction following Shabadash*?. 
Incubation of the control sections in benzoilchloride and 
in diastase, respectively, prevented the positive reaction. 
for protein and glycogen. In order to compare histo- 
chemical and histological structures. of myofibrils the 
parallel sections were stained with hematoxylin and eosin. 
and with iron hematoxylin. The slides were examined - 
under the light microscope, polarizing microscope and in: 
phase-contrast microscope. : a 


It was established that ordinary muscles of myocardium : l - 
in intact dogs have an uneven distribution of protein. 


Separate groups of fibres show more pronounced reaction 
for proteins than the others, where it is manifested less _ 
significantly. The same picture is observed in Purkinje 
fibres. In comparison with the ordinary muscle fibres of 
myocardium, the fibres of the conduction system contain — 
more protein. This may be the reason for the absence of- 
transverse striation in these fibres, although it could be 
readily seen in the polarized light. The transmission. of. 
Purkinje fibres into usual musele fibres occurs gradually 
without any visible boundaries and is followed by decrease _ 
in the intensity of protein reaction. Usual light micro- 
seopy reveals in these instances manifested transverse 
striation of the cardiac muscles. : : 
Histochemical investigations of the separate muscle 
fibres in polarized light as well as under the phase-contrast 
microscope have shown that the anisotropic disks are 
denser and correspondingly richer in protein, whereas —— 
isotropic disks contain small amounts of protein. Inthe 
central portion of these disks, however, which corresponds > 












to the Z-line, the protein reaction is more manifested nmo 





anisotropic disks it is possible to reveal three 
lateral lines are separated from each other by a pal 
with the third M-line in its centre (Figs. Land 2) 
The intercalated disks are characterized. 
not always constant, amounts of protein. So l 
react more actively and can be readily revealed : 





the background of the transverse striation, whereas the — 
others are scarcely seen in the light microscope. Such 
intercalated disks, which are isotropic, may be found 
with the aid of a polarizing microscope even in those cases 
when the usual light or phase-contrast microscopy fails 
to reveal them. Furthermore, a polarizing microscope 
makes possible a study of structures of intercalated disks in 
unstained sections. This may be utilized as a new method 
for their detection (Figs. 3 and 4). Te, 
Correlations in the distribution of protein and glycogen 
in myocardium have demonstrated that these substances 
are localized predominantly in the same sites. of Purkinje _ 
fibres of the heart and typical cardiac muscle fibres. At 
the same time, it is always possible to reveal essential 
differences in the form of their distribution in the miero- — — 
structures of myofibrils. Glycogen in the sarcomeres of — 
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individual musele fibre: l ted dif 
some fibres it is predominantly accumulated, as well as 


Eig. 1. Phase-contrast microscopy of cardiac muscle fibres of the dog. 

Reaction for protein. Arrows with letters indicate separate atripes of 

sarcomeres, simple arrows indicate intercalated disks. Objective 90, 
oral, 10 (x e. 1,260) 


Sarcomere 





Fig. 2, A scheme of protein distribution in sarcomere. The dark areas 
correspond to the Intensity of the reaction for protein 





Fig. 3. Microphotograph of the dog’s cardiac muscle fibres in polarized 

light (viewed with crossed polarizer and analyser). The intercalated 

disks are isotropic (indicated with arrow): the seetion is not stained, 
Objective 00; ocul, 16 {x e, 1,700) 





Fig. 4. Microphotograph in polarized light (viewed with crossed polarizer 

and analyser) of the dog's cardiac muscle fibres. Reaction for protein, 

Inserted disks and Z-stripes contain comparatively large amounts of 
protein. Objective 90; weal, 10 (x c. 1,200) 












fibres is. distributed differently. In 


protein, in A-disks and Z-lines (Fig. 5a); in other fibres 
it is located in I-disks (Fig. 56). Different distributions of 
glycogen in sarcomeres are dependent on the functional 
states of muscle fibres during fixation. In the intercalated 
disks glycogen is localized essentially along the margins 
whereas protein has a diffuse distribution throughout the 
entire disk, leaving sometimes narrow and pale space in 
the centre. The latter seems anisotropic in polarized 
light (Figs. 1, 3, 4 and 5). 








Fig. 5. Microphotograph in polarized light (viewed with crossed pol- 
atizer and analyser) showing unevenly distributed glycogen in the 
micro-structures of functionally different areas of myocardium. 
a. Contracted fibres. In the centre of the figure one can see two 
muscle fibres with different content of glycogen. ‘The latter ig mani- 
fested in Z-atripes and A-disks. The arrows indicate the distribution of 
glycogen at the margin of the interealated disk. b, Enfeebled fibres. 
Giycogen is accumulated predominantly in Z-disks: in 2-stripes and in 
The contents of 


4A-disks it is contained in less significant amounts. 
Objective 90; 


glycogen in J-disks are shown by the double arrows. 
ocul. 10 (x e. 1,200) 


Thus, these observations show that protein in myo- 
fibrils is distributed unevenly and is accumulated in the 
intercalated disks, Z-stripes and in three lines of aniso- 
tropic disks. The centre of these coincides with the 
M-line, whereas the two marginal ones separated by an 
H-zone do not have a special name. I propose to name 
them L-lines (the first letter of the Latin word, lateralis). 

Unevenly distributed protein and glycogen? in micro- 
structure of myofibrils may be considered as an essential 
cause of transverse striation in the muscle fibres of the 
heart. 

Comparatively high contents of protein and glycogen 
in Z-lines and in the intercalated disks suggest active 
energetic participation of these structures in the con- 
tractile activity of myofibrils. This is confirmed by 
the literature, which presents information on the presence 
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RADIOBIOLOGY 


Relative Biological Efficiency of Negative 
u-Mesons and Cobalt-60 -Rays 


= oo oo Tue concept of the relative biological efficiency of 
a : different radiations is one that has considerable practical 
EAE and. theoretical interest, and an extensive literature 
exists which describes in detail the problems of the 
es determination and interpretation of relative biological 
efficiencies’. Variations in the relative biological efficiency 
of different radiations are attributable to differences in 
ES their ion density or linear energy transfer, defined as the 
-c vate.of energy loss in oV Jg of irradiated material. Recently 
an opportunity arose at this laboratory to determine the 
<: relative biological efficiency of a highly energetic radiation 
< <. With low linear energy transfer characteristics—an almost 
pure beam of p- mesons. These have a mass of about 
— 200me, one negative charge, and an energy range in this 
Ae experiment of 2-8 GeV (with a peak at 4-6 GeV). 
The muons were generated in the Brookhaven alter- 
ee nating gradient synchroton. A beam of protons (energy 
_ ~28 GeV) was brought on to a beryllium target placed in 
the machine. Negative pions produced in the target 
-o botween the energies of 7-9 GeV in the forward direction 
were bent through the magnet following the target and 
out of the machine at an angle of 9°. After passing through 
an entrance lens of 4. quadrupole magnets, the beam 
- was confined by a series of 5 pairs of quadrupoles placed 
about 25 ft. apart*.. The pions were concentrated in a spet 
of radius ~3 in., and the decay angle of the muons was 
mall one so that almost all the decay muons re- 
ned > the. 6-in. radius which was available after the 
ri ‘Roughly 10 per cent of the pions decayed 
the beam was filtered through 7 ft. of concrete, 
emoved most of the pions and left the muons 
sentially unchanged except for about a 1-GeV loss of 
rey. With about 2x 10" protons striking the target an 
ty of the order of 10* muons/pulse was obtained, 
neg once every 2-5 sec. | 
88. from muons occurs primarily through 
agnetiec inte: etions-by direct ionization, and 
roduction of knock-on secondary electrons. Tho 
eposition in the Tradescantia tissues used in the 
eriment could be calculated, since the elemen- 
mposition of the tissues*, and the energy loss/ 
1 the different elements, were known. The 
near energy transfer was 195 6V/u and on this 
‘relative biological efficiency would be predicted. 
ecise range of energy of the knock-on electrons, and 
sf the range of linear energy transfers, was not known. 
biological test system used was that of somatic 
ion induction in staminal hair cells of a diploid 
02) derived from a variety of Tradescantia occiden- 
lone was heterozygous for genes controlling 
igment, heterozygous cells being blue, 
cessive mutant cells red and easily distin- 
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guishable. A given inflorescence E a largo num- 
ber of serially arranged buds—one flower emerging. daily. 
Each flower had six “stamens, and each stamen &pproxi- 
mately 55 hairs. Staminal hairs are chains of single cells 
and their pattern of growth is as follows. A single cell  — 
in the filament becomes meristematic and becomes the 
terminal cell of the hair, continuing to divide until the | 
mature hair (20-30 cells) is formed behind it. The sub- 
terminal cell always divides once after its formation, and 
occasionally an intermediate cell also divides. The 
mutations were almost certainly chromosom 
and recognition of a mutant phenotype was 
on the loss of a particular fragment from that i 
mutations could be expressed only after cell division... 
Since there were two cells at the tip of the hair and ee 
occasionally a third intercalary cell which were meriste-— 
matic, the maximum number of cells per flower in which a. 
mutation could occur and be expressed was 3x 55 (hairs 
per filament) x 6 (filaments per flower)= 990, All the- 
hairs do not develop simultaneously and the number of 
potentially mutant cells is low initially, increasing to a 
maximum of about 990, and then decreasing again, The 
pattern of mutation production was similar. | 

Eight inflorescences were exposed in air in the muon 
beam for each of the following periods of time-——2,.4, 6, 8 
and 10h. Dosimetry was complicated by the fact that the 
beam was non-uniform over its entire area (a circle 
12 in. diam.). To obtain accurate measurements individual 
phosphate glass dosimeters (rods 1 mm diam., 5 mm long)" 
and in some instances lithium fluoride thermal luminescent 
dosimeters also? were attached to each inflorescence. 
These dosimeters were calibrated inthe muon beam against 
a Rossi type W tissue equivalent ionization chambers. o 7 
The small dosimeters had an accuracy of + 5 por cent == 
within the dose range used here. Muon doses for the 40 __ 
inflorescences (8 inflorescences, 5 exposure times) 
varied from 12 to 101 rads, and the dose rate fluctuated = 
between 7-3 and 13-5 rads/h, the dose being administered _ 
as explained earlier in pulsed beams at 2- 5-8e¢ intervals... 











ESTIMATED bitcrgeaal BIOLOGICAL ‘Eyriciency (RBE) VALUES | 


Table 1. 
R we Mesons AND 4 RAYS 
Day re en (u meson) © wcoefficient (y EBE 
1 M14785 20128 O73 
2 17038 RIAT 0:74 
3 17723 21877 FS] 
4 0-14300 ë $ü 


16000 i 
Mean RBE 0-79 


As a standard for the muon treatments, iriflorésconces’ 2 
were exposed in air at a dose rate of 7-5 rads/h to four doses 
of cobalt-60 y-rays: 30, 48-7, 71-2 and 120 rads. (measured. 
with the same tissue equivalent ionization chamber) 
Eight inflorescences per treatment were also used for the | 
y exposures. An estimate of the spontaneous mutation —— 
rate was obtained by scoring 72 unirradiated. flowers. G 

Virtually no lethality was. induced within the 
ranges, and there was no opportunity for ce 
or an elimination of mutant cells. n 
in the staminal hairs of flowers em 
days and the data relating yield pi ar, 
fitted to linear, y = $ + aD, and quadratic, y= am Ae or, 
regressions. In all instances linear regressions better 
the data, and the linear («) coefficients for the muon 
and y exposures for each of the four days are given 
in Table 1. The relative biological efficiency of muons: 
y is given by the ratio of the « coefficients, and has a _ 
mean value for all days of 0-79. This value is essentially _ 
in agreement with what would have been predicted from a- 
knowledge of the linear energy transfer charac ie 
of the u mesons, and appears to þe- signifi i 
than 1, though this would be difficult to prov: 
with the present experimental ao an 
dosimetry. $ i 

An approximate. estima o 
rate per cell may be obt 
when the number of meristen 
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_ Casium-137 Body Burden in Persons chosen 
_ at Random from Selected Areas in Norway 


"Tue global distribution of fall-out has not been uniform: 

due to nuclear weapon tests by far the largest fraction 
has been deposited on the northern hemisphere. These 
circumstances are partly a result of the geographical 
positions of the test sites; partly a result of meteoro- 
logical conditions. 

The amount of fall-out deposited is normally a function 
of rainfall. Local areas with high precipitation on the 
northern hemisphere have thus shown by far the largest 

contamination. This is the case in certain districts on 
the west coast of Norway having a yearly precipitation 
ranging up to 3,500 mm. 

' ABa result of the fall-out, fission products have gained 
=: access to soil and vegetation, human food and conse- 
~ quently also to man himself. 


LS = One of the radionuclides in the fall-out which is of 


- special interest in this connexion is casium-137 due to its 


~ long physical half-life, its large fission yield and. its 


. body constituent. 
In order to measure radioactivity in the human body, 
installation of a whole-body counter at Norsk Hydro’s 
: -Institute for Cancer Research was begun in February 1962. 
-= Early in the construction period while Norway was still 
covered by snow and hence the cattle fed on hay gathered 
e the nuclear tests were resumed in 1961, we started 
systematic collection of milk samples from all Norwegian 
It was felt justified to assume that the amount of 
ty in the milk at that time would be down to a 
m-of long-lived radionuclides, so that the milk 
ould..give an approximately stabilized picture 
eographical distribution of the fall-out. Since the 
as measured in a y-spectrograph, cesium-137 was 


chemical similarity to potassium which is a very important 


















e natural radionuclide to use as an indicator. 
It has previously been shown that. the exesium-137 
body-burden in man? to a large degree depends on milk 
consumption. It could thus be expected that the concen- 
| 137 in milk to some extent could be 
regarded as an indicator of cæsium-137-levels in people 
from the various districts. | ; 

In Table 1 the results-of the milk survey are presented. 
The figures given are mean values for the cesium-137 
contents in regions I, II, TII and IV, representing the 
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Total. 





go Novof "Cs pe/l* .. . Production amount Population 
Region samples min. max; mean, per month WCs ze. x 10°) 
a D (X101) per month - 
I 96 © 120 20 35 -1837 1-75 
I1 108 5 505 115 30 3,510 1-08 
HI 42 5 175 45 l4 641 0:33. 
IV 26 55 675 230 & 1,838 O44 


*ipe=1 gue. = 16" ¢, 


eastern, western, middle and northern parts of Norway as 
indicated on the map. Also maximum and minimum 
values found in single samples from dairies in these 
regions are given. 

As can be seen from Table 1, the contamination in 
milk from regions II and IV is relatively high. From a 
body-burden point of view, both regions are thus of 
considerable interest. However, region IV is far more 
inconvenient than region IT with regard to transport 
of people to Oslo for total body-burden measurements. 
We therefore decided to undertake a moro detailed 
examination of the conditions inside this district. As a 
result of these investigations we directed our attention 
on Masfjorden, a small community near the coast, some 
miles north of Bergen. Masfjorden is one of tho districts 
having the highest yearly precipitation in Norway. 

A more detailed study of the milk from Masfjorden 
showed that its cesium-137 content showed a first decided 
increase in June, rising all summer to a maximum of 
about 1,600 pe./l. by the end of September. Then the 
value showed a rapid decline. 

As a firat part of our cesium-137 body-burden examina- 
tion of people from the western part of Norway, we 
thought it would be of particular interest to start our 
investigations with a group from this district. A statis- 
tically selected assembly of 11 persons willing to take part 
in this programme travelled in February 1963 to Oslo 
to have their body-burden measured in the whole-body 
counter. Another group of 10 persons from the city of 
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Table 2 
No of Body-burden ne #705 WOK pe jg 
Locality individuals mun max mean min max mean 
Masfjorden 11 276 1625 918 211 1,395 784 
Bergen 10 200 756 442 182 497 332 


Bergen wero measured at the same time ‘The results of 
these measurements are shown m Table 2 
It 18 interesting to note the great differences in the body- 
burdens measured in these two groups, despite the fact 
that their homes are not more than 30 miles apart This 
18 probably a result of the fact that food consumed in 
Bergen ıs a mixture of products from a variety of places, 
many of them being localizod to inland districts, whereas 
food consumed in Masfjorden to a large extent 1s of local 
origin 
Two of the individuals from Masfjorden. having nearly 
the samo body-burden (162 5 ne and 153 0 ne } were of 
special interest, due to their highly different milk intake 
Ono of them was a heavy milk consumer (20 1 /day) 
while the other stated that her mulk consumption was 
only 0 25 1 /day 
There 18 thus no evidence of a direct correlation botween 
milk consumption and the cesimm-137 body-burden, 
either for the people from Masfjorden or for those from 
Bergen It ıs therefore to be expected that even other 
products are of importance 
Korii MADSHUS 
Norsk Hydro’s Institute 
for Cancer Research, 
AKSEL STROMME 
The Norwegian Radium Hospital, 
KRISTIAN KOREN 
State Institute of Radiation Hygiene, 
Norway 
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BIOLOGY 


Reduction of Radiation Mortality through 
Magnetic Pre-treatment 


THE effect of whole body iwradiation on rodents with 
lethal doses of X-rays or y-rays 1s one of the most widely 
investigated phenomena Mortality depends on the total 
dose, intensity at which the dose 18 delivered, strain, sex 
and age of the animal Both serial histological examina- 
tion and direct counts demonstrate the rapid loss of 
nucleated cells from the bone marrow The animals’ 
falure to replenish the granulocytes, platelets and 
erythrocytes from the circulating blood ıs primarily 
responsible for the death, as a consequence of septicemia, 
hemorrhage and snæmia 

In a previous communication! it was shown that leuko- 
cytosis setting in after treatment of animals in magnetic 
fields? can be used to compensate partially the radiation 
syndrome In 17 further experiments a total of 920 mice of 
different age and strain were treated m homogeneous and 
inhomogeneous magnetic fields Various time-intervals 
were interposed between the termination of magnetic 
treatment and irradiation, also treatment after irradia- 
tion was tried In all experiments the permanent mag- 
nets, cages and dummy magnets, described elsewhere’, 
were used In most instances 30 mice were treated ın 10 
permanent magnets for a period of 14-20 days and the 
same number of mice housed during the same time in ten 
dummy magnets After treatment all were removed for a 
specified number of days to standard plastic cages, 
whereupon all of them were exposed to uwradiation with 
y-rays ın the Cobalt Therapy Unıt of the Cook County 
Hospital in Chicago, Ilbono The total administered 
dose was always 800 r, delivered at an intensity 33-100 
r/min It produced in the control group a mortality of 
30-100 per cent 

After irradiation the anrmals were placed in standard 
plastic cages, 3 treated and 3 controls to the same cage, 
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to compensate for possible cage effects The body weight 
was measured daily, the dead removed within 4 h after 
death, even during the night They were immediately 
autopsied, liver and spleen weight measured and from the 
general inspection of the .organs the possible cause of 
death noted In four experiments blood samples were 
taken from the tail ver on several occasions after mrada- 
tion Leukocytes and erythrocytes were counted with a 
Coulter electronic particle counter 

These investigations revealed many interesting features, 
but m most instances they can be considered only as 
prelimmary results which need further confirmation 
However, two significant results emerged 

A magnetic pre-treatment of mice in a homogeneous 
magnetic field of 4,200 cersteds strength and less than 3 
days of delay between the termination of treatment and 
irradiation decreases the death rate by 24-30 per cent 
The iesults of five such experiments, performed under the 
described conditions, are shown in Table 1 The difference 
in mortality rate ıs significant on a probabuility-level 
(PL)of1 800 


Table 1 
Mortality (%) Relative mortality 
agnet Dummy difference (%) 
700 90 4 — 22 6 
66 7 100 0 ~—33 3 
450 70 0 — 357 
60 0 767 —21 8 
534 66 7 ~199 
~267 +32 


t,83, 7,4, PL,1 800 


The leukocytosis followmg the magnetic treatment 
does not compensate the leukopenia caused through 
irradiation it merely diminishes ıt slightly For example, 
on the 10th day after irradiation in one experiment the 
leukocyte count of the treated group was 13 per cent of 
normal, while that of the controls was 9 per cent Never- 
theless, ıt seems to be that even this small difference 1s 
adequate to prevent death in some cases The lowermg 
of the death rate 1s most pronounced from the 7th to the 
14th day after 1rradiation, that ıs, during the intestinal and 
bone marrow mode of the radiation syndrome ‘This 
mterval comeides with the time when the maximum of 
the leukocytosis, caused by the magnetic treatment, 1s 
observed. 

Treatments in mhomogeneous fields were performed at a 
somewhat lower field strength (3,600 cersteds), but with a 
vertical gradient of 650 cersteds/em, produced with the 
help of specal pole caps It corresponds to an average 
paramagnetic strength of 23 mega-cersteds per square 
cm In some experiments the animals were changed 
daily from a north pole-up field to a south pole-up field. 
This ıs equivalent to a change of the field vector direction 
by 180° relative to the animal It should decrease all 
reversible effects caused by a homogeneous field, but the 
exchange leaves unaltered the direction of the vertical 
gradient vector relative to the anrmal and hence should 
not affect reversible paramagnetic effects 

In four experiments in which the mortality of the 
controls was between 25 and 45 per cent, the magnetically 
treated animals had a higher mortality rate (relative 
mortality difference +19+9 per cent) In three experi- 
ments, with a mortality of the controls between 65 and 
95 per cent, the mortality of the treated was lower 
(relative mortality difference —213+65 per cent) The 
lowering of the death rate was most pronounced from the 
10th to the 20th day after irradiation, ıt covers, therefore, 
mainly the late mode of the radiation syndrome, a mode 
in which anzemuia plays a major part 

Treatment ın mhomogeneous fields affects not only the 
leukocyte count, as does homogeneous fields, but also the 
erythrocyte count and could therefore affect mwradiation 
anemia But due to the simultaneous variation of two 
blood elements (probably also platelets), the interpretation 
of the mortality curve m experiments with inhomogeneous 
fields ıs too complex to be attempted at present 
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Distribution of Cyanole and Neutral Red 
in the Giant Axon of the Squid 


Previous work on the permeability of frog muscles? 
and giant axons of Cephalopoda?’ to vital dyes has shown 
that basic and acid dyes rapidly ponetrate tho cell and 
its mtracellular content may be less or greater than m the 
medium, depending on the outside concentration and type 
ofthe dye For giant axons in the steady state the coeffi- 


C 
cient of distribution (Q = Gi = 
on 





, where Cm and Cout 


represent respectively intia- and extra-cellular concentra- 
tion) for the acid dye (cyanole) was found to be 0 12 with 
the external dye concentration varying from 01 to 1 0 
per cent (ref 3) At the same time the coofficiont of 
distribution of the basic dye (neutral red) changed from 
55 to 065 on a corresponding merease in Cout from 
0 004 to 0 16 per cent (ref 2) 

The purpose of the work recorded hore was to nvesti- 
gate the Q values for axoplasm itself and compare them 
with the previously obtained values for the whole axons 
Therefore the content of the dye was determined both in 
the whole axons and pipetted axoplasm 

Experments were performed on the axons of Loligo sp , 
200-300 in diameter Isolated axons were soaked m 
cyanole or neutral red solution for 20 min As has already 
been shown”, a period of 10-20 min 1s enough to reach 
equilibrium Then the axons were washed up (5-10 sec) 
ın sea-water and blotted The amount of dye in ethanol 
acid extracts of axons was determined with the aid of a 
visual microcolormmeter For measuring the dye content in 
axoplasm, the stained fibres were cut, axoplasm was then 
extracted with a micropipette and also transferred 
to the ethanol acid mixture The amount of dye was cal- 
culated per unit of the fibre or axoplasm volume. 

The results obtained are given in Table 1 


Table 1 
Concentration Concentration 
Dye m the axon im the avoplagm Cm Cap 
(Cin) (mg %) (Cap) (mg %) Cap Cont 
1% Cyanole 120 + 5 82 + 16 1 46 0 082 
001% Neutral red 63 + 5 35 + 5 1 80 35 


As can be seen, an increase as well as a decrease in the 
bulk dye concentration m axons compared with the 
medium depends on the concentration of dye m the 
axoplasm In accordance with the previous studies!-%, the 
observed distribution of dyes can be considered as a result 
of two factors (1) decreased solubilty of protoplasm for 
the substances with the size of molecules as big as that of 
dyes, (2) adsorption or chemical binding of dyes by proto- 
plasmic components Hence the total content of the dye 
in axoplasm may be expressed with the formula given by 
Troshint C\y,=KxCouz+A, where K 18 the solubility 
coefficient of the dye in protoplasm as compared with the 
medium, thus K x Cout gives the dissolved portion of the 
dye, A ıs adsorbed or chemically bound dye per unit 
volume 

The analysis of cyanole distribution shows? that, by 
varying Cout; A 18 practically equal to 0, whereas for 
neutral red the bound dye fraction 1s big enough? This ıs 
also confirmed by special experiments made to investigate 
the efflux of dyes from axons When cyanole-stained axon 
18 put im sea-water, the dye leaves the fibre very soon, and 
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the axon becomes completely colourless withim 5 min 
Similar experiments with neutral red show that the 
colour 18 retained for a much longer time Thus, after 
30 min soaking in sea-water, the neutral red concentration 
m axoplasm was still 14 + 4 mg per cent, that 1s, 40 per 
cent of the dye still remaimed in the axon The same slow 
efflux of cyanole was observed only in killed or damaged 
axons 

The experiments show that in the case of cyanole the 
dissolved ‘fraction of the dye gave only 012 x Cout while 
for neutral red? K =0 25 

The values obtamed for K, considerably less than unity, 
probably indicate that not the whole protoplasmic wator 
1s available for the substances with the size of molecules 
morethan3A In any event, a steady-state distribution of 
dyes with the Q value less than unity cannot be explamed 
by the Donnan effect", analogous Q values were obtamed 
for the distribution of non-electrolytes in muscles'*5 

Thus we can conclude that the difference in the steady- 
state concentration of the dye m axon as compared with 
medium (decrease as well as mcrease) may be explained 
by the specific properties of axoplasm, and for this 
explanation no membrane pump hypothesis is needed 

We thank the Science Commuttee of the Peoples 
Republic of Viet Nam where the work was performed, 
and also Dr Vii Dinh Tan for assistance 
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Dispersal Rates of Several Ungulates 
introduced into New Zealand 


BETwEEN 1851 and 1923 several species of ungulates 
were introduced into New Zealand During this period 
thero were also many lberations ımto unstocked areas 
of game animals taken from recently established popula- 
tions Dates and localities of lberations have been 
summarized)? and the present or recent distributions of 
most species have been published®~* 

Table 1 gives mean rates of dispersal over periods 
exceeding 50 years, taken from populations that wero 
contimuously expanding their ranges over those periods 
The rate is measured as the distance between the pomt 
of liboration and the farthest known breeding colony, 
divided by the number of years that have elapsed 


Table 1 RATES OF DISPERSAL 
Species Locality Miles a year 

Chamo 8 (Rupicapra rupicapra) South Island 54 
Tnar (Hemitragus zjemlarcus) South Island 11 
Red deer (Cervus elaphus) Nelson 10 

Fiordland 10 
Sika deer (Cervus nippon) North Island 10 
Whitetail deer (Odocoileus virgimanus) Stewart Island 06 
Fallow deer (Dama dama Wanganui 05 
Rusa deer (Rusa tamorensis) North Island’ 05 
Sambar deer (Rusa unicolor) Manawatu 64 
Wapiti (Cervus canadensis) Fiordland 04 


There have been more than 100 liberations of red deer! 
and the populations developed from these have coalesced 
so that the pattern of dispersal ıs now completely obscured 
But the distributions had been roughly mapped before 
this occurred’, and a rate of dispersal can be calculated 
for the Nelson herd between 1851 and 1924 ‘This is 
probably one of the few red deer herds the distribution 
of which was not strongly modified by secondary hbera.- 
tions near its periphery The rate of spread in Fiordland 


October 19, 1963 


has been published®, ıt was calculated from evidence 
derived from the vegetation and from hunters’ reports 

No research has been undertaken to determine whether 
dispersal in New Zealand is largely mdependent of a 
population’s density, or whether the rate fluctuates with 
changes in the population and its environment Present 
work on sika deer, chamois, and thar should eventually 
answer this quostion 
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Significance of Allopreening in the Red 
Avadavat and its Development in Other Birds 


ALLOPREENING, that 1s, the habit of preenmg a neigh- 
bourmg individual’s feathers, is characteristic of many 
gregarious species of birds Recent work on the Estrildime 
finch, the red avadavat (Amandava amandava), has shown 
that the amount of mutual grooming does not vary with 
the presence of peripheral dirt on the regions to which 
most of the allopreening 1s restricted, that 1s, the head 
It thus seems likely that allopreenimg is more than simple 
co-operation in toilet behaviour between individuals 
which cannot effectively clean or arrange the feathers on 
their own heads as suggested by Morris! 

Preening 18 a subsidiary resting response, and in species 
mn which the individuals aro forced together, nibbling each 
others’ feathers 1s a common activity, as in guillemots 
(Urta aalge) or young chickens (Gallus gallus) Bwds 
seem to possess an innate response to feathers as primates 
have to fur? Rutualized allopreening mvitation postures 
are found in many highly gregarious ‘contact’ spocies and 
mn ‘contact’ species where the members of a pair are closely 
associated throughout the year In A amandava there is 
specialized behaviour for eliciting grooming by a neigh- 
bour ın the form of mandibulation nudging, and head 
proffering 

When two red avadavats which are unfamiliar with 
cach other approach and clump, the clumper 1s invariably 
pecked first, but in response to this, an allopreening 
invitation posture 1s taken up which results m an ameliora- 
tion of the aggressive behaviour and the assumption of 
mutual preemng? Between strangers, then, allopreening 
sorves to reduce aggression between the clumping individ- 
uals, but when they are fully familar and their relation- 
ship is characterized by an absence of fear and aggression, 
allopreening serves to strengthen the social bonds between 
the birds, as suggested for social grooming in primates? 

The allopreening invitation posture ıs rarely used as a 
simple appeasement gosture in the face of an all-out attack 
in the manner suggested by Morris', but ıs only given 
if the submissive mdividual 1s in strong conflict between 
approaching and fleeing, and is usually at the same 


time sexually attracted to the attacker Otherwiso, 
the immediate response to attack 1s flight 
J H SPARKS 
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Fertilization of Hamster Eggs in vitro 


HERTILIZATION of rabbit eggs ın vetro has been reported 
by many workers in recent years and Austin! concluded 
that ‘success seems most hkely to have been attamed by 
Smith (1951), Dauzier et al (1954), Dauzier and Thibault 
(1959), Thibault et al (1954), Thibault and Dauzier 
(1960), Moricard (1954 a, b), and, particularly, Chang 
(1959)? So far as is known, no authentic successful 
experiments to fertilize rodent eggs n vitro have been 
reported!-* This communication describes a repeatable 
technique to fertilize the eggs of the golden hamster 
(Mesocricetus auratus) wn vitro, and the results obtamed by 
this technique 

Female hamsters that came mto heat between 6 pm 
and 9 pm were killed at 6-7 am the next morning 
Since most of the females ovulate about 8 h after the 
onset of heat®, these females were considered to have 
ovulated at about 2-5 am ‘Thus, the eggs were con- 
sidored to be about 1-5 h after ovulation at the time of 
recovery The oviducts of an animal were isolated, placed 
on a piece of filter paper, and most of the blood adhering 
to the oviducts was rubbed off The oviducts were then 
put on the centre of a watch glass (4 em in diameter) 
and were immediately covered with warm (30°-37° C) 
mineral oil (Squibb) Under a dissecting microscope and 
on a warm stage, the distended portion of the ampulla 
was incised with needles and she eggs ın cumulus oophorus 
were pressed out with some of the tubal fluid. The ovi- 
ducts were discarded and blood and tissue debris, if any 
remained in the watch glass, were removed with a pipette 
A small drop of sperm suspension, about 1~3 times the 
amount of the egg clot, was then added through the needle 
(25-27 gauge) of a tuberculin syrmge to the eggs that 
were under the mineral oil The eggs and the sperm 
suspension were thoroughly mixed with a needle The 
watch glass was then kept ın an imeubator at 
36° C 

The sperm samples were collected ether from the uterus 
of a female mated with proved male about 0 5h, or 4—5 h, 
previously, or from the caudal epididymis of a fertile male 
Usually, a drop of dense sperm mass was put on the centre 
of a watch glass (6 cm in diameter) and covered with 
2-4 ml of a solution contaiming 10 parts of tissue culture 
medium, ‘TC 199’ (Difeo Laboratories), 3 parts of M/8 
glycine, and 100 unrts/ml of penicillin G Under the 
microscope, the dispersion of sperms could be seen, the 
motility assessed to choose zhe best sample, and a suspen- 
sion of desired concentration. of sperms taken through the 
needle into a tuberculin syringe 

All the glassware and instruments were washed with 
double distilled water, stemlzed, and kept at 30°-37° C 
before and during use Aseptic precautions were mam- 
tained during the whole operation 

Seven to ten hours after insemination, the eggs in the 
watch glass were transferred to a shde, compressed gently 
between a coverslip and the slide, and examimed under a 
phase-contrast microscope for evidence of fertilization 
The eggs were considered to be fertilized only when 
enlarged sperm heads or male pronucle: were found ın the 
vitellus Particular attention was directed to the tail of 
fertihzing sperm in or around the vitellus (Fig 1) 
Occasionally, one or more sperms with intact (unswollen) 
heads were found in the perivitelline space or on the surface 
of the vitollus Such sperms wore recorded as supple- 
mentary sporms 

Whon 171 eggs from 21 females were insemimated with 
sperms recovered from the uterus of females mated 4—5 h 
previously, 113 (66 per cent) wero fertilized Of these 
fertilized eggs, 76 (67 per cont) were monospermic and 
37 (33 per cent) were polyspermic (24 dispermic, 7 tri- 
spermic, 5 tetraspermic, and l pentospermic, as shown 
by the number of pronuclei and that of sperm tails in or 
around the vitellus) Seventeen monospermic oggs and 
14 polyspermic eggs had 1-5 supplementary sperms. 
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Fig 1 A hamster egg fertilized 27 mtro Phase-contrast, arrow 
indicates the tarl of the fertilizing sperm 


Supplementary sperms (1-3) were also found in 7 un- 
fertihzed eggs 

When 116 eggs from 15 females were inseminated with 
sperms recovered from the uterus of females mated 0 5 h 
previously, 36 eggs (31 per cent) were fertihzed Of these 
36 eggs, 31 (86 per cent) were monospermic and 5 (14 
per cent) were polyspermic (4 dispermic and 1 trispermic) 
Supplementary sperms (1-3) were observed in 6 mono- 
spermic, 4 polyspermic, and 2 unfertilized eggs 

Insemination of 152 eggs from 17 females with epidi- 
dymal sperms resulted ın the fertilization of 26 eggs 
(17 per cent) Of these 26 fertilized eggs, 20 (77 per cant) 
were monospermic and 6 (23 per cent) were polyspermic 
(5 dispermic and 1 tetraspermic) Supplementary sperms 
(1-5) were found in 5 monospeimic, 4 polyspermic, and 
3 unfertilized eggs 

These results clearly show that sperms that have been 
in the female tract for a longer period (4-5 h) can fertihze 
a higher proportion of eggs (66 per cent) than sperms in the 
female tract for a short period (31 per cent} and those 
recovered from the epididymis (17 per cent) This mdı- 
cates the possibility that capacitation®-§ of hamster sperm 
may have occurred ın the female tract 

When the hamster eggs are normally fertilized am vwo, 
the zona reaction® to block the entry of the second sperm 
is very stiong and polyspermy is rare% Under the 
present condition, on the contrary, the proportion of 
polyspermic eggs was extremely high (14-33 per cent) 
Whether this 1s due to a high concentration of sperm at 
insemination, fast agemng of eggs in vitro as has been shown 
in the polyspermy of aged eggs in vwwo!?, or other factors, 
is still not known at present Except in a few cases where 
degenerative changes were observed, most of the eggs 
fertilized by a single sperm appeared to be quite normal 
at the pronuclear stage Whether they can develop further 
in culture or can develop into young by transplantation 
into recipient animals is under investigation 

This work was supported in part by grants from 
US Pubhe Health Service, GWM 10529-01, and GM 
08167—03, and by a grant from the Population Council 
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Distribution of Nuclei in a Heterocaryon of 
Penicillium expansum 


Tue overall frequency of diploid nuclei in a balanced 
heterocaryon has been estimated by Pontecorvo! to be 
of the order of one im 10° or 107 Thus, a colony con- 
tamung 1x 10° comdia would include 100-1,000 diploid 
conidia 

In experrments with Penzcilleum expansum, I estab- 
hshed a heterocaryon between M54, a brown strain 
requiring riboflavin and pyridoxine (bt, rt, pyr), and 
M67, a white acriflavine-resistant stram requiring biotin 
and nicotime acid (w, acr, bt, Nic)? In attempts to 
recover diploids from this heterocaryon, 317 mullion 
conidia were plated out without success In contrast, in 
a similar experiment between strans M53 (rz, be, w,) and 
M54 (rz, pyr, bra), 179 diploids were recovered from a 
plating involving only 19 milhon conidia 

This can be explamed if only one or few nuclei are 
responsible for imutiating the entire conidiophore m 
Pemcllaum In such a situation, all or most of the 
conidiophores would be homocaryotic, and in a population 
involving 1 x 10° conidia the expected 100-1,000 diploids 
would be in a single head The experimental result 
would be the recovery of either a large number of diploid. 
nucle: or none at all To verify this im P expansum, 
the conidiophores of a heterocaryon M54+M67 were 
processed, and classified as either homocaryotic or hetero- 
caryotic. 

The comdiophores are quite small and closely packed, 
and ıt was not possible to classify heads visually based 
on colour of the conidia Whole comdiophores were, 
therefore, picked off with a needle of drawn glass and 
the spores streaked on complete medium Following 
sporulation, the genetic nature of the conidiophores was 
assessed on the basis of colony colour Analysis of 
463 heads in this manner gave the followmg results 
brown, 173; white, 227, vamegated, 63 Thus, 86 
per cent of heads ın the expermental heterocaryon 
were homocaryotic brown or white and only 14 per 
cent were heterocaryotic, giving rise to variegated 
colonies 

A nuclear ratio ın the heterocaryon significantly 
removed from 1 I could influence considerably the 
number of homocaryotic heads of one or other type 
The nuclear ratio in the heterocaryon was therefore 
estimated by making a suspension of a 100 milhon comdia 
and, by dilution series, arriving at a concentration of 
approximately 100 conidia per ml This suspension was 
plated on complete medium. at the rate of 1 ml per plate 
and the resulting colonies classified according to colour 
Analysis of colomes gave 385 white and 362 brown In 
the particular heterocaryon beimg investigated, the 
nuclear ratio as based on comdrum analysis closely 
approximated 1 1 

In the heterocaryon. studied only one nucleus, or a few 
lke nuclei, segregated into the large majority of the 
young conmidiophores Such nucle: were then removed 
from contention so far as diploidization was concerned | 
and a population of 1x 10*® conidia loses 1ts numerical 
significance In effect, we are sampling a muillion signi- 
ficant nuclei segregating nto the conidiophores and thence 
being multiphed by a factor of approximately a thousand 
times by the conidiophore apparatus If the frequency 
of diploid nuclei in the somatic hyphz 1s one in 108, and 
we presume for argument that all conidiophores are 
homocaryotic, then we would expect on the average only 
one diploid conidiophore in a stand of one million conidio- 
phores, that is, 1x 10° conidia If we consider further 
that the frequency of drploid nuclei in the vegetative 
hyphe ıs one in 10’, and the hkely possibility that the 
distribution of diploid nucle: in somatic hyphe 1s non- 
random, then the problem is compounded To some 
extent, the situation 1s compensated for by the fact that 
not all comdiophores are homocaryotic, but 1b can be 
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appreciated, nevertheless, that a population of 1x 10° 
conidia may contain no diploids at all 

In connexion with the study of parasexual phenomena 
im fungi imperfecti, then, ıt would be an advantage to 
know if the conidrum bearmg fructification is derived 
from one nucleus or from many nucle: In the latter 
situation diploidization may still occur m the repro- 
ductive parts, resulting in a better distribution of diploids 

In an examination of Colletotrachum lagenarwum, Dutta 
and Garber: failed to recover a diploid from platings 
involving 100 million conidia from several heterocaryons 
In Colletotruchum each acervulus may produce 10,000- 
100,000 comdia If an acervulus has its origin in one or 
few nuclei, many acervul will be homocaryotic and a 
sample of 100 million too small perhaps to locate a diploid 
Even in a heterocaryotic acervulus, a mosaic pattern of 
development might permit considerable multipheation of 
nucle: without the possibility of drploidization 

As a corollary ıt might be stated that abundant sporu- 
lation 18 not in itself an advantage m the study of genetics 
of imperfect fungı, and even, when a fungus has a relatively 
low sporulation capacity (1/1,000 that of Pemeillrum), 1t 
may still be studied adequately with respect to parasexual 
phenomena 
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Rapid Changes in Transpiration in Plants 


In the recent discussion ın Nature under this heading?-*, 
Rufelt?? has adopted Ivanoff’s‘ hypothesis that the 
transient increase im transpiration rate observed when 
& leaf is detached ın air 1s caused “by a sudden release of 
the water stress ın the conducting elements, which means 
that ıb ıs caused by an increase in the water supply to 
the leaf”! He has further supposed that the crease m 
transpiration obtained after bathing the roots of intact 
plants with mannitol solutions, or 1 M sodium chloride}, 
18 also due to the release of water stress in the plant, 
making the subsidiary hypothesis that the mannitol or 
sodium chloride causes an increase in the water perm- 
eability of the roots!. He concludes that this last effect 
1g peculiar to the roots, and since he writes of “the perm- 
eability barrier ın. the root”: he must postulate that the 
transpiration stream here passes through the cells, though 
in the whole of the rest of the plant he supposes ıt to move 
in the cell walls only, except when 1t ıs ın the xylem He 
would appear to have obtamed no data for the behaviour 
of the stomata ın his experiments; his discussion of the 
supposed absence of ‘mechanical effects’ and the different 
permeabilities of guard cells and epidermal cells therefore 
seems too great an extrapolation from his results— 
transpiration rate can only be taken as a measure of stoma- 
tal diffusive conductance when there 1s a constant poten- 
tial difference across the stomata, 

Heath? supposed that the observed increase in trans- 
piration rate, in the experiment with sodium chloride, 
was due to ‘passive’ stomatal opening (Rufelt’s ‘mech- 
anical effect’) brought about by rapid wilting He sugges- 
ted that the ‘Ivanoff effect’ must be mainly due to the 
same cause and that the contmbution of the release of 
tension in the xylem sap must be very small 

We have investigated the effects, on stomatal movement, 
transpiration rate and leaf water content of wheat plants, 
of bathing the roots with 1 M sodium chloride (Table 1). 
Potted plants of wheat var Thatcher growing in John 
Innes No 1 compost were used Stomatal movement 
was followed with a ‘Wheatstone bridge porometer’®, 
and Log; leaf resistance to viscous air flow (in “Gregory 
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and Pearse units’*) is tabulated, transpiration rates were 
followed with the ‘differential transpiration porometer’’ 
for the same place on the leaf and the data are tabulated 
as mm galvanometer deflexion Leaf water contents were 
estimated from six leaf blades, simular to that used for 
the porometers, for each pot on each of three occasions— 
the first when stomatal apertures and transpiration were 
steady, the second when both had increased as a result 
of sodium chloride treatment and the third when they had 
decreased again Stomatal opening began withm 20-60 
sec of flooding the.so1l with 1M sodium chloride and a 
rise of transpiration showed ın the next reading of the 
transpiration porometer (2-4 mmn) The data are strongly 
Suggestive of stomatal control of transpiration and show 
a fall in leaf turgor within a few minutes of applying the 
sodium chloride 


Table 1 EFFECTS OP TREATMENT oF Root SYSTEMS OF WHEAT PLANTS 
WITH 1 M SODIUM CHLORIDE 
Change Leaf 


Time * of trans- water 
(min from Stom- Trans- piration content 
Pot supply of ata piration Increases (% of Relative 
No NaCito Log,,R deflexion and de- dry wt turgor 
roots) (mm) creasesin (6 leaf 
deflexion blades) ) 
(mm) 
Before NaCl treatment 
1 Old leaf B 138 25 -— 389 160 
2 Old leaf -~ 2 213 52 — 877 100 
3 Young leaf 2 352 60 — 879 109 
4 ‘Young leaf ~ 2 4 82 90 — 615 100 
6 Young leaf om D 4 62 100 — 570 100 
After NaCl treatment 

1 Old leaf + 4 2 96 40 +15 381 98 0 
2 Old leaf +4 3 98 65 +13 823 940 
3 Young leaf +5 301 80 +20 815 93 0 
4 Young leaf +15 470 110 -+20 580 945 
5 Young leaf +8 4 55 115 +15 540 950 
1 Old leaf + 26 136 30 +5 294 760 
2 Old leaf +14 2 26 40 —12 796 910 
3 Young leaf + 80 3 55 50 —10 807 92 0 
4 Young leaf +30 4 82 80 —10 525 85 0 
§ Young leaf + 80 4 64 100 0 510 89 5 


* These are the actual times for the Log R values, the corresponding 
es ie for transpiration and for leaf water content were obtaimed slightly 
earher 


On Rufelt’s hypothesis of “an increase in the water 
supply to the leaf”, the leaf water content must mcrease 
even 1f the water travels entirely in the cell walls, not only 
will the cell walls themselves hold more water but also as 
they will hold ıt less strongly (creased water potential) 
more of ıt will pass into the vacuoles It ıs not very clear 
whether Rufelt considers that the mcerease in transpiration 
is entirely due to this increase of water potential, in which 
case leaf turgor must romam higher so long as the higher 
rate of transpiration persists, or whether he supposes that 
stomatal opening caused by increased guard cell turgor 
also contributes In the latter case, leaf turgor could fall 
again before the transpiration rate The hypothesis put 
forward by Heath demands ın this type of experiment a 
continuously falling leaf water content and would be 
disproved by an observed merease Both our data here 
and those in Rufelt’s Table 1 (ref 1) are consistent with 
Heath’s hypothesis We suggest that Dr Rufelt should 
attempt to detect an imerease 

We have also carried out a series of experiments with 
detached leaves of Xanthium pennsylvanicum, kept first 
in water and then transferred to mannitol solutions 
Stomatal behaviour and transpiration rates were followed 
as in the wheat experiments (Table 2) 

Stomatal aperture and transpiration rate increased 
together, within a few minutes of applying the mannitol 
solutions and more rapidly with the higher concentrations 
Here there can have been no rolease of tension, as in the 
‘Ivanoff effect’, nor were there any roots the permeability 
of which might have been affected An effect on the water 
permeability of the leaf cells bordermg the xylem could 
be postulated but this would not accord with the sugges- 
tion that the water travels in the cell walls We prefer 
the view that such cells lost turgor owing to the osmotic 
pressure of the mannitol solution in the xylem, that this 
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Table 2 EFFECTS OF SUBSTITUTING MANNITOL SOLUTIONS FOR THE WATER 
BATHING THE PETIOLES OF DETACHED LEAVES OF Xanthium pennsylvanicum 


Time (min Mannitol Transpiration 
Leaf No from mannıtol concentration Stomata deftexion 
application) (M) (Logis X) (mam) 
Before mannitol treatment 
1 -1 — 2 46 180 
2 —1 — 3 61 70 
3 -1 — 3 21 140 
4 —1 — 3 50 180 
5 1 — 4 86 180 
6 -1 — 491 170 
7 -1 — 498 110 
8 — — 4 84 126 
After mannitol treatment 
1 +24 04 2 26 180 
2 + 24 04 3 21 80 
3 +3 02 4 98 175 
4 +3 02 472 240 
5 +3 01 477 150 
6 +3 Qi 4 48 260 
7 +5 0 05 4 84 125 
8 +5 0 05 4 68 136 


resulted in a change ın the suction pressure gradient to the 
epidermal cells and the loss of turgor of the latter caused 
‘passive’ opening of the stomata, resulting ın imereased 
transpiration 

In a third type of experrment we have observed the 
stomatal changes that follow the cutting of the stem of a 
Xanthium plant in ar (‘Ivanoff effect’) Within 2~5 sec 
of excision a minute movement of the meniscus in the 
Wheatstone bridge porometer (observed with a lens or a 
reading microscope) indicates a very small closing move- 
ment of the stomata This we interpret as the ‘passive’ 
closure due to the release of tension in the xylem sap 
There 18 then a delay of a further 15 sec, after which the 
usual opening movement begms We suggest that this 
delay 18 the time necessary for the water ın the xylem 
to be used up in transpiration and the leaf water content 
to begin to fall Quantitative estimates of the amounts of 
water involved are of course highly desirable and we hope 
to attempt these in the future 

This work was carried out while one of us (H M ) held 
a University of Reading visiting fellowship 

H MEDNER* 
O V S HEATE 
University of Reading 
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Shinfield, Berks 


* Present address Department of Botany, University of Natal, Pieter- 
maritzburg 
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Frest, I would like to correct a vagueness in my con- 
tributions to this discussion I certainly think that the 
changes ın transpiration aro caused by stomatal move- 
ments I think this 1s very evident from an earlier paper 
of mine! Certainly I have myself no experimental proof 
in my papers hitherto published but a flood of evidence 
can be found in the literature?-* and theoretical considera- 
tions point m the samo direction’ Secondly, I do not agree 
with the authors when they assume that I postulate that 
the transpiration stream passes through the cells ın the 
root because I postulate a permeability barrier In earlier 
experiments: the root permeability and cell permeability 
were found to be probably not identical Whero the per- 
meability barrier 1s localized 1s still a matter for dis- 
cussion? 

Thirdly, the three series of experiments published do not 
disprove either the hypothesis of Ivanoff or my mterpro- 
tations The main point is that the stomata are thought 
to be influenced by the water potential of the cell wall and 
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not by the water potential of the whole leaf In short-term 
experiments these may differ Consequently, changes m 
water content of the total leaf such as those obtamed by 
Heath and Meidner ın the first series of experiments are 
not illustrative of the changes determing the stomatal 
movements The increase which Heath and Meidner 
suggest that I should try to detect cannot be shown ın 
determinations of water contents of leaves One possibility 
would be to demonstrate 1t as an increase in water trans- 
port upwards in a plant and as such ıt has in fact been 
shown by Allerup®-" It might be added that the reason 
why I have assumed that the easily movable water 1s 
localized in the cell walls ıs that this has been suggested 
by Strugger and others??? 

The results of the second series of experiments are very 
similar to those obtained by Hames! and Humphries!’ 
These authors mterpreted the mereases ın transpiration 
as caused by changes ın water permeability However, one 
circumstance makes the present experiments difficult to 
interpret An osmotic suction from the mannitol solution 
requires a semipermeable structure If there 1s one, 1%s 
permeability can be changed 

The third series of experiments ıs a recapitulation of 
those of Allerup!* which he has interpreted according to 
Ivancff’s hypothesis 

It 18 evident that most of the expermments can be nter- 
preted according to both the hypotheses Nevertheless, 
I still cannot find that the experrments described in my 
communication!® by Figs 1, 2 and 3 have beon explained 
by Heath’s hypothesis However, I think we all make 
extrapolations from our results and would like to postpone 
further discussions as to who ıs right and who is wrong 
until some more pertinent experiments have been per- 
formed 
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Effect of Chloramphenicol on the Uptake of 
Salts and Water by Intact Castor Oil 
Plants 


Tae antibiotic chloramphenicol has been found to 
mbibit accumulation of salt by slices of red beet tissue and 
carrot tissue without significantly affecting respiration’. 
This sudports the hypothesis that the mechanism of salt 
uptake is closely related to protem synthesis put forward 
by Steward and Millar*, as chloramphenicol 1s a specie 
inhibitor of protem synthesis 

Experiments have been carried out to determine the 
effect of chloramphenicol on the salt uptake of imtact 
plants Castor oi plants (Ricinus communis) were grown 
singly ın aerated culture solution m 500 ml polythene 
growth vessels The culture solution was similar to that 
describel by Stout and Arnon? except that ıt was diluted 
ten times and iron was present as chelate The concentra- 
tions of potassium, calcium and nitrate were 079 mM, 
050 mM and 038 mM respectively. The solution was 
renewed, daily durmg the growth of the plants In each 
experiment the uptake of the foregomg thres ions and 
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water by a single six-week old plant was followed first from 
complete culture solution, then from culture solution to 
which chloramphenicol (2 g/l) had been added and 
finally agam from culture solution alone Each experrment 
was of 12-h duration and the medium was dramed from 
the vessel for analysis and replaced with a fresh volume 
(250 ml) after a given period, usually 1 h. Uptake of 
water was determined from the decrease in volume and 
uptake of potassium, calcium and nitrate from the 
decrease in the amounts of these 1ons in the medium over 
the given period The cations were determmed with an 
EEL flame photometer and nitrate colorimetrically by the 
phenoldisulphonic atid method The temperature was 
kept constant at 25° C and a light intensity of about 750 ft - 
candles was given throughout each experiment 
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Table 1 EFFECT OF CHLORAMPHENICOL ON THE UPTAKE OF POTASSIUM, 
CALCIUM, NITRATE (ug equiv /h) AND WATER (g/h) BY TWO INTACT Ricinus 
communis PLANTS AT 25° C 


Time Plant 1 Plant 2 
(h) Medium K Ca NO, Water K Ca NO, Water 
1 Culture 45 30 68 10 65 4 139 6 
2 Solution 59 42 117 10 85 18 1389 6 
3 54 42 117 10 80 28 146 6 
4 Culture 22 18 79 9 21 10 48 6 
5 Solution -8 20 78 10 -3 2 -18 6 
6 + Chloram- 
phenicol 
2 g/l —6 26 32 10 —-5 4 40 8 
7 1 44 46 10 2 10 93 6 
8 Culture 16 40 4 10 35 12 101 5 
9 Solution 24 38 99 9 45 20 104 5 
li 42 34 56 7 — — — — 
12 25 48 67 8 46 22 82 5 


The results from two plants are shown m Table 1 
Chloramphenicol had a marked effect on the uptake of 
salt but the uptake of water was unaffected In both 
experiments uptake of potassium was stopped completely 
with chloramphenicol around the roots for 3h. Uptake 
of calcium and nitrate was partially reduced for plant 1 
and stopped completely for plant 2 These results, there- 
fore, support those obtained with disks and indicate that 
uptake of salt ın the ntact root ıs closely related to protem 
metabolism There was a recovery in uptake of salt on the 
removal of chloramphenicol from the medium in all 
cases although the i1tial levels were not always regaimed, 
probably because of the evening fall off m uptake through 
diurnal rhythm These expermments were started at 
9am and finished at 9pm, and uptake of salt 1s at its 
maximum at mid-day and minimum at mid-night m these 
plants In work to be published shortly‘, ıt has been shown 
that most of, and sometimes all, the potassium taken up 
by these plants ıs transferred to the vessels and so ıt 
appears that the mechanism of salt transport across the 
root 18s, like the accumulation of salt by the mduividual 
cell, affected by chloramphenicol The complete stoppage 
of uptake of salt by chloramphenicol leaving the water 
flux unaffected strongly suggests that passive mass flow 
of these ions in solution direct from medium to xylem 18 
not occurring in these plants 

I thank Prof P E Weatherley for his advice : 
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VETERINARY SCIENCE 


Prophylactic Activity of Suramin Complexes 
in ‘Surra’ (Trypanosoma evansi) 


SuRAMIN, being acidic in reaction, forms msoluble 
precipitates—called suramin complexes—with other tryp- 
anocides which are basic compounds lke antrycide 
dimethyl sulphate, ‘Berenil’ (di-(amidinopheny]l)-tri- 
azene(-N-1 3)diaceturate), pentamidine, ete Such com- 
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binations have been reported to have markedly reduced 
toxicity and considerably enhanced prophylactic activity 
Williamson and Desowitz! reported maximum decrease of 
five- and three-fold in the toxicity of suramim complexes 
of antrycide and ‘Bereni!’ respectively They found that 
surainin—antrycide complex protected cattle against 
Trypanosoma vivax and T congolense for at least 95-199 
days at dose rates of 10-40 mg/kg ofthe antrycide content 
Wilhamson* reported that rats were protected against 
T congolense for 53 and 11 weeks with suramin complex 
of antrycide (201 mg/kg) and ‘Bereml’ (129 mg/kg body- 
weight) respectively as compared with 14 weeks, 18 weeks 
and <4 weeks protection afforded by suramin (62 5 
mg/kg body-weight), antrycide dimethyl sulphate (7 8 
mg/kg body-weight) and ‘Berenil’ (50 mg /kg body-weight) 
respectively Simce then complexes of suramin have 
been. widely experrmented with in animal trypanosomiases 
in Africa Suramin complexes of antrycide dimethyl 
sulphate and ‘Beren1l’ were prepared after Wilhamson? 
and tried for their prophylactic activity against T evansi 

Rats and mice were inoculated subcutaneously with 
antrycide-suramin complex, prepared fresh at 50 mg/kg 
body-weight of the complex They were challenged in 
pairs with an intraperitoneal inoculum of about 2,000 
trypanosomes (T! evans) freshly collected from a rat 
showing intense parasitemia, blood of which was diluted 
in citrate-saline Rats received the first challenge 70 days 
after treatment, afterwards at fortnightly imtervals 
up to 254th day, then at 20-day intervals until the pro- 
tection broke down Mauce were challenged 45 days after 
treatment at weekly intervals up to the 170th day and 
then at 20-day intervals Suramin—‘Berenil’ complex 
at 50 mg/kg body-weight was myectetd ın mice only 
They were challenged in pairs on the 57 h day, 77th day 
and on the 81st day after the protective inoculation 

Along with each batch of challenge, an untreated rat 
and one untreated mouse were infected with the same 
dose of trypanosomes as used for infecting the protected 
animals These animals served as untreated mfected 
controls The survivors were observed until the end of the 
experiment, and the batches immediately preceding those 
in which trypanosomes broke through were examined 
for at least 30 days after being infected Tail blood of the 
challenged and control animals was examined fresh 
for trypanosomes daily for the first 15 days and after- 
wards at 3-4 day mtervals Ther tails were pricked with 
separate pins to prevent accidental re-infections Tryp- 
anosomes appeared in the tail blood of control rats and 
mice within 4 days of the infection and all of them died 
during the next 4 days 

The first break-through in the protection given by 
suramin—antrycide occurred in one of the two muce 
challenged 190 days after treatment, and in one of the 
two rats challenged on the 294th day of treatment The 
immediately preceding batch of mice and rats challenged 
on 170th day and 274th day respectively stayed negative 
At the time of break-through in mice, there were 10 
treated mice in stock which were simultaneously chal- 
lenged Five of them developed parasitemia within 10 
days whereas the rest of the 5 mice remained free of the 
parasites for 45 days after the challenge, when they were 
discontinued 

Protection with suramin—‘Berenwl’ complex first broke 
in the pair of mice challenged on the 81st day of the 
protective moculation The stock of 22 treated mce 
were infected, 18 developed parasitemia whereas 4 mice 
were yet negative for the parasites on the 48th day when 
the study was concluded 

Suramin—antrycide complex thus conferred solid pro- 
tection against T evansi for 274 days in rats and 170 days 
in mice ‘Therefore, the protection obtained with the 
suramin—antrycide complex 1s considerably longer than 
that reported for erther of the constituents, namely, 63 
days with antrycide prosalt under challenge of 5,000 
trypanosomes’, for 82 days with antrycide metho- 
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sulphate and for > 60 days with suramin under challenge 
with 10,000 trypanosomes‘, Suramim—‘Beren:l’ complex 
completely protected mice up to 57 days, and only one 
of the two mice challenged on the 77th day after treat- 
ment 

The encouraging result obtamed with suramim—antry- 
cide complex m the investigation recorded here suggests 
further investigations with 1t under greater challenges, 
as also trial with it ın large animals 

We thank Dr H D Srivastava, director of the Indian 
Vetermary Research Institute, for providing facilities 
for work and for permission to publish tho results 
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Mechanism of Early Sporidesmin Intoxication 
in Sheep 


In a recent publication! on the effect of sporidesmmn 
intoxication in sheop, attention was directed to the fact, 
based on histopathological evidencé, that enterohepatic 
disturbances precede biliary obstruction. Furthermore, 
the total liver lip:ds were found to be increased in the 
intoxicated group of animals 

This report outlines a more detailed investigation (to be 
pubhshed elsewhere) into the nature of these liver lypids 
In addition, the mechanism of the characteristic lpid 
changes induced by sporidesmin intoxication 18 consid- 
ered in tho hght of the available formation 

From a group of eight weaned lambs four animals 
received an oral dose of sporidesmm (1 mg/kg body- 
weight) All animals were killed two days after dosing 
The livers were excised immediately, sliced into strips and 
frozen in liquid nitrogen ‘They were then stored at 
—20° C until required for analyses The total lipids 
were extracted by means of a modification of the Bligh and 
Dyer procedure? Enghteen lipid components were isolated 
from each liver lipid extract by means of a combination of 
DEAE, siheie acid-siheate, and silicic acid column chroma- 
tography Identification was based on reverse-phase 
paper chromatography, infra-red spectrometry and chem1- 
cal analyses During the course of this investigation 1t has 
become evident that the liver triglyceride-levels of the 
intoxicated group of animals were increased about 100 
per cent above the triglyceride-lovels of the normal group 
No significant changes were found in the other hver lipid 
components 

There is adequate evidenco that the liver is the main 
source of circulating plasma triglycerides*-? Although 
fatty mfiltration of the liver can be induced by a wide 
variety of toxic substances and metabolites, the lipids 
accumulating in the hver are predominantly triglycer- 
ides®-13 Oral admimstration of hepatotoxins, such as 
carbon tetrachloride, also results in a rapid increase of 
liver triglycerides This has been interpreted as the result 
of a malfunction of a hepatic triglyceride secretory 
mechanism“ Many hepatotoxins appear to mbhibit or 
destroy one or more steps in the conversion and secretion 
of liver triglycerides to plasma lipoproteins The initial 
conversion, of plasma non-esterified fatty acids to liver 
triglycerides appears to be unaffected**:15 Whereas the 
hver trglyceride-levels rapidly sncrease as the result of 
the action of hepatotoxins, the plasma triglyceride-levels, 
ın general, become markedly decreased} In addition, 
because of their slower rates of metabolic turnover, the 
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plasma phospholipid and cholesterol-levels remain un- 
afiected ın the mbal stages 

It appears then that, on the basis of the prosent investi- 
gation and of previous work?16, the effect of early sporides- 
min intoxication (that is, two days after dosing) on the 
liver resembles the effect of other hopatotoxins 

Thus ın the clinical picture, described by Mortimer and 
Taylor’, the early first-phase symptoms of the diphasic 
response strongly suggest that a metabolic disturbance ın 
the liver triglyceride secretory mechanism is one of the 
contributing factors The phospholipid- and cholesterol- 
levels remain relatively unaffected in both hver and 
plasma, whereas the liver triglyceride-levels increase. 
However, if the early pathological situation mduced by 
sporidesmin intoxication mbhibited exit of triglycerides 
from the liver into the plasma, as well as their exit from the 
plasma imto the adipose tissue, a hypotriglyceridemia 
might not be observed even though the hepatic secretory 
mechanism 1s inhibited or destroyed Further work 1s in 
progress to determine the mechanisms which operate 
during sporidesmin intoxication 
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Correlation between the Reaction of Horses to 
a Pyrogen and their Immunological Responses in 
Antitetanic Serum Production 


In a series of observations on about 5,000 rabbits, it 
was found that they could be divided mto 3 groups 
accordmg to ther low-, medum- or high-temperature 
reactions to intravenous mjection of a standard dose of 
sodium nuclemate (Merck and Co Inc, USA., sodium 
salts of the acids from yeasts)'? In later experrments 
there was found to be a good correlation between the 
thermal reactions of mdividual rabbits to the pyrogen 
and the intensity of anaphylactic reactions, the measure- 
ment of the rise in temperature bemg determimed during 
the anaphylactic reactions? 

Similar relationships were demonstrated betwoen the 
thermal reactions to the pyrogen of mdividual rabbits 
and the degree of production of lytic antibodies (anti- 
sheep hemolysins)*:*, the mean hemolytic titres bemg 
1 1534, 1 2957 and 1 4317 respectively for rabbits with 
low, medium and high temperature reactions 

It 1s recognized that there 1s considerable variation ın 
both man and other anımals m respect of the roadmess 
with which individual members of a group can be mmu- 
mzed* To our knowledge, however, there have been no 
reports of mvestigations of a possible relationship between 
the temperature reactions of anmmals to pyrogens and the 
readiness with which they can be mmunized 
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Tho re somite presented here were obtained from investiga- 
ion of the relative individual production of tetanus anti- 
toxin by 29 horses, by examination of their sera in the 
course of their first series of immunizing injections, these 
horses: having been tested for their thermal reaction to a 
standard dose of the pyrogen (10 mg sodium nucleinate/kg 
ody- -weight) injected intravenously as a 10 per cent 
olutic m in pyrogen-free distilled water. 
‘procedure. adopted: in the test for reaction of the 
the pyrogen was to take the temperature of the 
an thr ne e occasions during the hour prior to the 
the sodium nucleinate, and the figure recorded 
al temperature was the mean.of the three 
Following the injection of the pyrogen, the 
2 of ‘the. animals were recorded every hour for 
maximal Tise in temperature was taken as the 
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which was seers to establish the degree of one: eed 
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equation for the regression line (Fig. 2) of Y (the 
itoxin titre in fl.u./ml.) on X (the response to pyrogen 
egrees C) is: 








Y = 1,340 X — 252 


This equation can be used to determine the probable 
toxin titre on the basis of pyrogen response. 
further work is planned in the hope that, if similar 
relations can be confirmed, it will be possible to use the 
thermal response, to the same or other pyrogens, as a 
guide for the selection of animals for the production of 
os other therapeutic sera or for the selection of homogeneous 
groups of animals for, as an example, potency tests of 
-| vaccines. 
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ENTOMOLOGY 


Some Differences in the Passage of Food 
through the Intestines of the Desert and 
o Migratory Locusts 


_ By means of an X-ray technique! a study of the passage 
of radiopaque foods through the intestine of the migratory 
ocust, Locusta migratoria migratoriodes R., and F., and 
he desert locust, Schistocerca gregaria (Forsk), has been 
made as a preliminary to work on the absorption of 
smach poisons. Two observa- 
ions o 
be 
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Fig. 1. Function of the § bend in the colon of Locusta, Tracings of 
radiographs of the gut contents of a locust that has received a barium 
meal are shown,. The density of the contents is proportional. to the 
amount of radiopaque substance present, The stages represented are: 
(a) appearance of the gut contents just before defecation: (b) appear. 


ance at defecation; (c) lumen of the central region of the colon is just 

beginning to contract (X); (d) lumen in the central region of the colon 

is occluded and. a fæcal pellet has been isolated (Y); (e) S bend be- 

ginning to reform. (Compare the relative positions of the anterior edge 

of the feecal pellet with the E of the food in the midgut. 
ih @, g ani a ' 


constricts to isolate the fæcal pellet (Fig. le), and almost 
simultaneously the S bend reforms (Fig. ld and le). The 
process is complete in about 15 sec at 30°C. The S bend. 
is present in both fed and unfed Locusta. The colon in 
Schistocerca also forms an S bend in a well-fed. insect, 
but in a hungry insect the S bend is reduced, the colon 
remaining almost straight. | hig 

Locusta starved for 3-4 days retain an S bend without 
there being any food in the intestine, but starved Schisto- 
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cerca do not retain the S bend, although, as Monchadsky 
and Skoblo® noted, some food residues do remam mn the 
mtestine. The disappearance of the S bend m Schesto- 
cerca may account for the normal retention of residual 
food through mability to produce discrete fecal pellets 
If the locust ıs poisoned by means of a benzene hexa- 
chloride sandwich‘ the entire contents of the mtestine 
may be ejected, at first as discrete pellets and finally as a 
contmuous rod, which suggests that the quantity of food 
in the mtestme normally controls the formation of the 
S bend 

Opening ito the antemor end of the midgut are six 
ceca, each cecum consists of an anterior and a posterior 
arm In Locusta mtestmal contents pass mto both arms 
(Figs, 2c and d) and sections cut through the cæca show a 
peritrophic membrane extending into them In Schvsto- 
cerca 1b 18 found that only the posterior arms of the ceca 
contain the mtestmal contents (Figs 2a and b), the 
anterior arms remainmng unfilled, a peritrophic membrane 
1s found ın the posterior arm The significance of this 
difference 1s at present unknown 


No 4903 


DEREK GOODHUE * 


Department of Zoology, 
Imperial College, 
London, 8 W 7 
* Present address Trinity College, Dublin 
? Goodhue, D , Radiography, 263 (1958) 


3 pea F O , Anatomy of the Mrgratory Locust (Athlone Press, London, 


a MEF and Skoblo, in Uvarov, B P, Trans Roy Soc, 99, 1, 1 


t Campbell and Filmer, Trans Fowth Intern Cong Ent 528 (1929) 


Feeding Adult Mosquitoes on Solid Sugars 


THAT mosquitoes may feed on flowers and sources of 
food other than blood has been observed many times 
Notable among these observations are those of Wesen- 
berg-Lund!, Haeger?, West and Jenkins’, and Sandholm 
and Price+ Mosquitoes which visit flowers in greatest 
numbers are various species of Aedes According to 
most of the observations recorded, the food consumed, 1s 
liquid or semi-hquid The only reference to mdicate that 
mosquitoes may be able to feed on dry food was found 
in a paper by Downs and Arizmendi on colonization of 
Mexican anophelmes ‘These two authors substituted 
powdered sugar for honey solutions which they normally 
supplied to the colonies and noted that females more 
readily took blood after having fed on powdered sugar 
They did not further elaborate on this part of their work, 
and there was no mention of how the powdered sugar was 
presented to the mosquitoes 

Interest ın the ability of mosquitoes to feed on solid 
sugars was raised by a recent chance observation made by 
me during the course of other experiments A female 
Culex ta sales Coquillett was observed to probe the nearly 
dry remains of an insect smashed on the windshield of an 
automobile This female probed so persistently for about 
05h that an experiment was conceived to test the abihty 
of mosquitoes to feed on dry or nearly dry material 

In an initial test, glass sides were coated with syrupy 
sucrose solutions to which had been added ordinary food 
colours C iarsalis readily mgested this sticky maternal 
and the colour of the syrup soon became apparent in their 
bodies The slides were then air-dried for several days at 
room temperature, until the sugar completely crystallized 
This ıs a variation of the technique used by Bartlett® 
to examine dry sugar ingestion by parasitic Hymenoptera 
Mosquitoes were placed in glass vials, the open ends of 
which were covered with the prepared shdes placed sugar- 
coated side down, or towards the mosquitoes Observa- 
tions on feeding were made by placing the assembly under 
a, dissecting microscope so that the mamipulations of the 
mouth parts could be seen through the glass Cover-slips 
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were substituted for the slides when observations were 
made at greater magnifications with a compound micro- 
scope 

The technique described here has enabled me to 
observe many male and female mosquitoes feeding on 
solidified, dry sugar A secretion flows from the mouth 
parts of the mosquito, and the sugar 1s ingested ın solu- 
tion Individuals have been observed to feed for as long 
as 30 min without apparent diminution of the flow of 
secretion The coloured sugar solution appeared to move 
from the periphery of the labella, across its surface 
and into a central groove The food colour could be seen 
to accumulate within the abdomen durmg the feeding 
process Dissection showed that the coloured material 
accumulated m the cesophageal diverticula 

The removal of the sugar durmg feeding left clear spots 
on the slides or cover glasses Forty or fifty mosquitoes, 
placed in a small cage, were able to removo nearly all the 
dry sugar from a heavily coated shde in 2-3 days A 
source of water was available in the cage at all tres 
There appeared to be no regurgitation m the mosquitoes 
under test since previously ingested food colours were not 
noticeable in the secretion when the mosquitoes were 
later fed on uncoloured sugar crystals This is not 
regarded as conclusive evidence, however 

Tt has been customary to describe mosquitoes as having 
piercing mouth parts According to these observations 
mosquitoes have sponging mouth parts as well The 
manner in which the mosquitoes dissolve and mgest 
dry sugar from the glass slides resembles the manner 
in which houseflies were observed to ingest sugar from 
shdes prepared in the same way 

The species of mosquitoes so far tested for ability to 
feed on crystallized sugar include the following C tarsalze, 
Culex pipiens L , Culiseta enornaia (Williston), Culiseta 
wncdens (Thomson), Anopheles freeborne Aitken, Aedes 
sverrensis (Ludlow), Aedes aegypti (L ), and Aedes taenio- 
rhynchus (Wiedemann) 

Many individuals of the different species of Culex and 
Ouliseia which have been tested readily fed on the dry 
sugars, while species of Aedes and Anopheles which were 
tested were not avid feeders on this material 

The fact that there 1s a flow of secretion, or secretions, 
through the tips of the mouth parts durmg solid sugar 
feeding may have practical application in certain kinds of 
diagnostic and nutritional studies The fluids which flow 
to the tips of the mouth parts for dissolving food may be 
collected and examined for pathogens Burtt’, for example, 
has exammed the saliva of tsetse fles for the presence 
of trypanosomes He collected the saliva by mterposmg 
microscope slides between the flies and the laboratory 
animals which they attempted to bite Dr M M J 
Lavoipierre, Hooper Foundation, University of Cahfornia 
College of Medicine, San Francisco, 1s at present trying 
the dry sugar feeding method to study the release of 
filarial worms from mosquitoes I have initiated an 
investigation of the feeding habits of field mosquitoes in 
relation to the kinds of substrates on which they 
rest 

I thank S F Bailey and Dr M M J Lavoipierre for 
advice This work was supported in part by US Public 
Health Sorvice grant #2831 
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Influence of Time of Addition of Antibiotic on 
the in vitro Life of Rumen Holotrich Protozoa 


EXTENDED maintenance ın vitro of rumen olgotrich 
protozoa has been reported by Coleman! Similar results 
have not been achieved with the rumen holotrich protozoa*. 
Coleman! suggested that to accomplhsh maintenance of 
the oligotrich protozoa satisfactorily, 1b was desirable to 
control the numbers of bacteria present rather than to 
elimmate them One of the prmeipal differences between 
oligotrich and holotrich protozoa is that the former ingests 
and then digests starch granules, while holotrichs utilize 
mamly soluble carbohydrates? In view of this fact, ıb 
would seem possible that competition between bactena 
and protozoa for available substrate may be greater in 
the case of holotrchs than with olgotrichs 

Recent experiments m this laboratory have shown that 
when streptomycin plus penicillin are added to a suspen- 
sion of rumen organisms prior to the addition of nutrients 
@ marked inhibition of gas production occurs over that 
observed when tho two are added simultaneously* 
Consequently, it seemed possible that adding antibiotics 
to holotrich cultures prior to the time nutrients are added 
to the cultures may provide more favourable growth con- 
ditions for the holotrichs An experiment to test such a 
possible effect was carried out 

Rumen contents were collected from four sheep which 
had been fed a basal pelleted ration plus corn Inoculum 
was obtained by a method simular to that described by 
Oxford’ The volume used was sufficient to provide a 
concentration of 20x 10* holotrichs per ml of culture 
media Jsotricha spp were predommant Cultures 
were maintamed both m 16 mmx 150 mm culture tubes 
and in tissue culture flasks having an area of 15 cm? 
Seven different media were used (Table 1); the final 
volume for each culture was 2 ml The incubation tem- 
perature was 39°C Depleted media were removed each, 
day by withdrawing the supernatant fluid after the cul- 
tures had been placed im an ice-bath for 3 mm Fresh 
media contaming nutrients were then added The cultures 
were gassed at all times with oxygen-free carbon dioxide 
Streptomycm, at a final concentration of 20 pg/ml of 
media, was added to half the cultures 1h before the 
media was changed As this streptomycin was removed 
with the depleted media, streptomycin (20 ug/ml) was 
added to all cultures when the media were changed 

The cultures were observed each day under a stereo- 
scopic microscope and the maximum Ife of the culture 
recorded ‘The results are shown in Table 2 Analysis of 
these results showed that the addition of antibiotic 
prior to the addition of nutrients significantly (P <0 001) 
extended the life of holotrichs in vitro 

In this experiment particulate material was not re- 
moved from the cultures, nor were they divided The 
maximum hfe obtained was 26 days (media 6) It will be 
of interest to determme whether division and/or removal 
of particulate material from the cultures will extend 
culture hfe longer It has been found in this laboratory 


Table 1 COMPOSITION oF MEDIA* 
1 2 3 4 5 6 7 
{100 4/100 {100 /100 /100 /106 = /100 
ml ml ml ml ml ml ral 


Basal media t t t t t t t 
Glucose 005g 005g 005g 005g 0 05g 005g 005g 
Casein hydrolysate 2ml 2ml 2m1 2ml — — woe 
Clarified rumen 

fmd — — 20ml 20ml ~- 20 ml a 
Distilled water 40 40 20 20 40 20 oe 
Solka floe]! — 650mg — 50mg — — oe 
Grass** — — m —- Omg 50mg od 


K Fropared under sterile conditions as described by Bryant and Robmson 
Te 
+ Based on the medla described by Bryant ef al (ref 8) 

+ Media desertbed by Coleman (ref 1) z 

§ Enzymatic ‘vitami free’ casem hy drolysate (NRC) 

$ Clanfied rumen fluid as desenbed by Bryant and Robinson (ref 6), but 
autoclaved 20 mm 

i] Ball-milled 3 days. 

** Ground m a Wiley mul using a 60-mesh sereen 
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Table 2 Maximum CULTURE LISE (DAYS) 
n Media 

Treatment $ 5 , 7 3 
Antibiotic prior 

oe a n mne 13 12 16 16 12 26 4 

asks ntibiotie w1 

nutrients 8 11 6 10 12 18 3 
Antibiotic prior 

Culture to nutrients 7 11 11 11 9 20 4 
tubes Antibiotic with 

nutrients 7 7 6 6 7 11 3 


that olgotrich cultures mamtamed for extended periods 
on media similar to that described by Coleman’ have a 
maximum life of approximately 30 days if debris is not 
removed and the culture is not divided 

The results presented here suggest that the inability to 
maintain holotrichs ın vetro may be due, ın part at-least, 
to ineffective control of bacterial competition for available 
substrate It will be of mterest to determime whether the 
rumen oligotrich protozoa can be more readily mam- 
tained using a sımılar technique 

Viable bacterial counts? were made on the 17th day, 
from culture flasks containing media 6, and these indicated 
that the concentration of bacteria was not markedly 
affected by the different antibiotic treatments However, 
Gram stains and motility tests on bacteria isolated from 
the, foregomg cultures suggested that the composition of 
the bacterial population was markedly affected, for 
example, organisms isolated from roll tubes contamng 
approximately 30 colonies showed that 9 out of 9 of the 
organisms from the culture receiving antibiotic before 
nutrients were non-motile while 7 out of 10 of the organ- 
isms from the cultures not recerving antibiotic early were 
motile’ 

Work 1s now in progress to identify presumptively the 
isolated bacteria and to maintain holotrichs en vetro for 
extended time periods It will be of interest to determine . 
whether the relationships mdicated here are cause or 
effect relationships D B PuRSER 
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Proteolytic Activity of Growth Media Filtrates 
from Non-pathogenic Species of Verticillium 


Taus production of proteolytic enzymes by mucro- 
organisms 18 widely recognized, and several have beon 
obtained from fungi In an attempt to identify the 
enzymatic activities of tho filtrates of the growth media of 
members of the genus Verteculzum, ıt was noted that 
filtrates of some non-pathogenic species of this group of 
fungi are able to lyse purified proteins and ovalbumin 
blocks The number of investigations dealing with the 
production of proteases in micro-organisms 18 low! 
Recently our interest has centred onthe genus Verticaleum 
as a part of our investigations on the lytic activity of a 
non-pathogenic strain of Vertieallaum hemilevae on uredo- 
spores of various rusts? The results reported hero are a 
consequence of some studies on the effectiveness of certam 
species of Vertecilawm controlling rust, as well as their 
wn vivo effect on the pathogenicity of these organisms 
To our knowledge, no results have been reported of the 
quantitative or qualitative aspects of proteolytic enzyme 
production by Verticilleum 

Cultures of Vertecillewum species were obtamed from 
Estagao Agronomica, National of Oeiras (Portugal), 
University College of Swansea, Oregon State University 
and some were isolated by us Forty strains of the follow- 
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ing species were considered in the survey Vertecilleum albo- 
atrum, V tricorpus, V dahliae, V migrescens, V laterstvum, 
and V hemlesae. The cultures, received im sold culture 
media, were transferred to a modified hquid ‘Czapek 
Dox’ media When Verticdlawm hemilerae is grown in a 
medium containing a protein substrate, very active pro- 
teolytic enzymes are elaborated into the medium These 
protemases rapidly degrade the incorporated protem 
Aliquots of 100 ml of media were distributed in Erlen- 
meyer flasks of 250 ml capacity and autoclaved A 
sample of culture was transferred to each fask Cultures 
were incubated at room temperature (25° C) and grew 
luxuriously m all cases After specific tıme (15-20 days), 
the contents of flasks were centrifuged at 5,000g for 15 
min. or filtered The proteolytic activity was readily 
demonstrable in most of the cases using these filtrates 
The amount of protemase produced was related to the 
amount of growth. Partial purification was accomplished 
using solid ammonium sulphate, the precipitate obtamed 
between 60 and 80 per cent saturation bemg collected in a 
refrigerated centrifuge and dialysed This preparation 
could be stored for several months at 5° C with little loss 
of activity Commercially available bovme fibrinogen 
(Armour), trypsme (B D H ), ovalbumin and casem. (Light 
and Co ) were used for the tests 

Test procedures were selected which would allow us to 
compare the enzymatic activity of each strain. The 
presence of substrate specific proteolytic enzymes was 
detected by the use of methods which measured gelatin 
liquefaction, casein digestion and lysis of egg albumen 
clots After incubation at 27° C for 6 h, the degree of 
digestion of casem and egg albumen was examined by 
standard techniques? A variety of procedures have been 
developed to detect gelatin hydrolysis by fungi: In the 
present study, the procedure of Pisano et al * was utilzed 
to measure gelatinase activity by the strains of Fertel- 
lum The method measures the liquefaction of a purified 
calfskin gelatinin a tube Casein digestion was measured 
by the method of Dworschack et al5 The amount of 
substrate, sodium casemate, remaiming after digestion was 
determined by precipitation with 5 per cent trichloro- 
acetic acid For further mvestigations protemase activity 
ón. casem substrate (1 per cent) was measured at pH 5 7 
and, 35° C following the method described by McDonald® 
The egg-white lytic ability of Vertscellaum species was 
determined using small cubic pieces of the coagulated 
protem in the growth media Erlenmeyer flasks contam- 
ing the culture were mcubated for two weeks at 28° C 
under static conditions The end-pomt was recognized 
by the digestion and disappearance of the solid albumen 
It was found that high gelatin lhquefaction ability was 
associated with high ege-white digesting abilities, suggest- 
ing no differences ın the character and composition of the 
proteolytic enzyme formed by the individual fungal 
strains 

Growth of the organism was measured at various bom- 
peratures The results suggest that optimum temperature 
for growth and enzyme production was between 25° C 
and 28° Œ The stimulation effect of various carbohy- 
drates and salts on the proteolytic enzyme formation on 
the organism growing in a minimal synthetic medium 18 
being investigated 

Attempts to obtaim protemase from non-proliferating 
cells of Vertiellaum hemilecae by incubating heavy suspen- 
sions mn hquid media for several hours were unsuccessful 
Consequently a study was made of the effects of time and 
temperature of mcubation and of composition of the 
media to determine if enzyme production could be effected 
independently and the results will be reported elsewhere 

Extracts from non-pathogenic straims (in Vertvedliwm 
hemilewae, and in much lower proportion from V laterstvwm) 
were found to show good activity against bovine fibrinogen, 
ogg albumen and casem The V. hemileiae was also able 
to hquefy gelatin AN the other species of Vertsculium 
tested did not show any activity on the same proteins and 
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were not able to digest gelatm It was also noted that 
optimum activity of the proteolytic strams was reached at 
one definite point durmg growth which corresponded to 
initial formation, of spores 

Dependence of protemase production on the presence of 
protein has been shown for some organisms”! but not for 
others? !° V hemlerae seoms to require the presence of 
protein in the growth medium for prote:mase production 
Synthotic peptides have not been tested as enzyme sub- 
strates The enzyme 1s greatly inhibited by thiol groups, 
cysteine, glutathione mercaptoacetate and mercapto- 
ethanol acting as potent imhibitors Sodium acctate 
stimulated while chelating agents greatly reduced enzym- 
atic activity This inhibition could not be relieved by the 
addition of various metalions Nutritional experiments 
indicate that the enzyme is not formed or only ın very low 
proportion when the organism 1s grown in mineral salts 
medium containing sucrose as carbon source 

Many organisms have been shown to elaborate protein- 
ases in direct relation to the amount of growth!, and 
Verizvelium hemilerae can be added to this group Excel- 
lent correlation was found between the amount of pro- 
teolytic activity exhibited by the Verticillewm species and 
the lytic effect observed on the rust 

As a result of this work, we can conclude that all the 
pathogenic species of Vertecallaum tested are pectolytic and 
non-proteolytic, in contrast withthenon-pathogenic species 
which show high proteolytic activity but lack pectolytic 
activity25:14, J A LEAL 
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VIROLOGY 


Effect of Basic Dyes on Host-cell 
Reactivation of Ultra-violet-irradiated Phage 


Srramvs of bacteria can be divided into two classes 
depending on their ability to effect dark repair of ultra- 
violet-induced damage to phage DNA! ‘Those strains 
which manıfest this ability are hert (host-cell reactivation 
positive) and those which show a reduced ability are 
her- (rof 2) Since post-irradiation exposure of bacteria to 
basic dyes reduces the ability to 1epair damage to their own 
DNA, presumably by himdermg replication’, a simular 
effect of these dyes on irradiated phage DNA might be 
expected Under these conditions, hert strains would then 
resemble ker- strains This possibilty has beon confirmed 

All experrments were performed with phage T1 The 
bactemal hosts were Escherichia cola strains B, B/r—a 
radio-resistant mutant, and strans Be, and B,-,.—two 
radio-sensitive mutants! Strams B, B/r and Bs, are 
hert and strain B;-, 18 her- (refs 5,6) Assays for plaque 
formation were performed by the agar layer technique, with 
Difco nutrient broth agar contaming 0 5 per cent sodium 
chloride as both layers. Crystal violet was added to the 
plating media before autoclaving, and acriflavine after 
autoclaving Two-tenths of 1 ml of overnight aerated 
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broth cultures contammg about 10° organisms per ml 
were used for plating Irradiation of T1 and subsequent 
dilution prior to plating were carried out in 2 per cent 
CH,COONH, The concentration irradiated was 1 5 x 108 
phages per ml Plaque counts were made after 2 h 
incubation of plates at 37° C followed by overnight 
incubation at room temperature The apparatus used for 
irradiation has been deseribed previously? Fractionated 
doses at a rate of 81 ergs/mm?/sec were given All 
exper:ments were performed under dim light to mimimuize 
both photodynamic action of the dyes? and photo- 
reactivation® 

Since basic dyes suppress the production of infectious 
particles by unirradiated phage! , preliminary experiments 
were done to determine the mmimum mhibitory concen- 
trations for phage T1 Reduction ım plaque formation 
was found when the concentrations of the dyes ın the 
plating agar were more than 5 ug acriflavine per ml and 
more than 8 ug crystal violet per ml (the former value 
in agreement with Foster’s value of 75 pg/ml (ref 10)) 
The concentrations used afterwards were kept below 
these mmima (Preliminary tests of adsorption of T1 m 
phosphate buffer prior to plating mdicated that both 
unirradiated and irradiated phages were more than 95 per 
cent adsorbed to all the bacterial hosts, regardless 
of the presence or absence of 1 pg acriflavine/ml of 
buffer In addition, the plaque count in all cases was 
not affected by a 15-min suspension of Tl in buffer 
containing 1 ug acriflavine/ml Thus ıb seems certam 
that in later experiments, where the phage was plated on 
dye-contaming agar, adsorption to the host was normal 
and no inactivation occurred prior to adsorption 

If dye-free agar is used, all the hert strains give the 
same survival curve for irradiated T1 (Fig 1) The 
decrease in slope at high doses has been interpreted? as 
due to repair of a portion of the ultra-violet-induced 
damage by a fraction of the host cells This fraction of 
cells 18 given by the extrapolated intercept of the final 
portion of the curve on the survival axis and ıs 30 per 
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Ultra-violet dose to F, (sec) 
Fig 1 Effect of crystal violet on survival of ultra-vJolet-irradiated 
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agar on the survival of 71 with stram Bea as host On the curve for 
10 gg/ml , open circles are for Bs- as host The crosses are for strain 
B,-, without acriflayine m the platimg agar 


cent, m agreement with previous reports? (Starvation 
of cells increases the fraction to 100 per centit) In 
contrast, when the ker- strain B;., 1s used as host, the 
T1 survival curve is nearly exponential and shows a very 
much greater rate of inactivation than that corresponding 
to the final portion of the curve obtained with hert hosts 

When. the platıng agar contains dye, the rate of nac- 
tivation increases markedly for the kert hosts but there 1s 
virtually no effect for the her- host (Figs 1 and 2) In 
the case of crystal violet at a concentration of 4 pg/ml, 
the effect ıs shghtly more marked when B,- 18 used as 
host than when B/ris used Of the two dyes, acriflavine 
is more effective At a concentration of 1 ug acriflavine/ 
mil , which corresponds to about one-third of the molarity 
for 4 ug crystal violet/ml , the phage survival curve, using 
B;-, as host, comceides with the curve obtamed by using 
the ker- Bs- stran A greater efficiency of acriflavine 
compared with crystal violet has also been observed for 
the photodynamic inactivation of pneumococcal trans- 
forming DNA! and of the T phages! and for the retarda- 
tion of mutation frequency decline and delay of mutation 
fixation in Æ cols after ultra-violet irradiation? 

The explanation originally proposed by Garen and 
Zinder for the mechanism of dark repair of ultra-violet- 
induced damage to phage was genetic exchange between 
homologous regions of phage and bacterial DNA? This 
hypothesis was attractive because the phages for which 
this type of repair ıs observed—P,,., and T-odd (except 
T5)—-are either temperate themselves or have mutants 
capable of establishing a lysogenic relationship of variable 
duration with thew hosts? In addition, the base ratios 
for the DNA of these phages is the same as that for the 
host DNA! However, more recent evidence has been 
interpreted to the effect that the mechanism of repair 1s 
enzymatic? 15 
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Table 1 Errecr or DYES ON REACTIVATING FRACTION OF BACTERIA 
Dyo Concentration Reactıvatıng fraction of strain 
ug/ml ) Byes Bir 
Crystal violet 0 86x 107 80x 10-7 
4 14x 10° 22x 40-1 
Acriflavine 0 30 x 10-1 m 
0 25 80 x 10- men 
0 50 40x 10° = 
10 (< 40 x 10° ?) “ae 


In view of these different hypotheses, one feature of 
the present results ıs of mterest Figs 1 and 2 show 
clearly that the dyes increase the slope of the final portion 
of the T1 survival curve According to present inter- 
pretation, this means a decrease in the fraction of the 
damage which can be repaired Presumably the dyes 
1educe the accessibility of damaged regions to the repair 
enzyme However, besides this effect, the fraction of 
cells which can repair also decreases (Table 1) This 
suggests that bacterial DNA 18 also necessary for repair 
and that its action 1s impaired by the dyes Since the 
Lepar enzyme is apparently constitutive and present at 
the time of phage infection?, the role of the bacterial 
DNA cannot be simply to produce ıt ın response to 
infection by irradiated phage Instead, the bacterial 
DNA must be actmg directly. Therefore ıt 1s possible 
that the two hypotheses regarding the nature of dark 
1epair are not mutually exclusive This would mean that 
repair by genetic exchange between phage and bacterial 
DNA occurs and 1s mediated by a ‘recombinase’ enzyme 
Since all ker~ strains reported so far show an increased 
sensitivity to ultra-violet radiation®?*.%16 the same 
mechanism of dark repair may rescue ultra-violet-irra- 
diated cells as well as ultra-violet-irradiated phages 

Since completing this work, we have learnt that the 
same possibility regarding dark repair has been derived 
from investigations of the recovery of diploid but not 
haploid yeast cells exposed to ionizing radiation The 
reader 18 therefore referred to these reports!?»18 

This work was performed under US Atomic Energy 
Commission contract A7(30-1)—2740 

Rost R. FEINER 
Rors F Hix. 
Radiological Research Laboratory, 
Department of Radiology, 
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GENETICS 


Stabilizing Selection and “Balanced 
Combinations of Polygenes’’ 


In a recent paper, Gibson and Thoday: suggest that 
their analysis of an experiment with Drosophila popula- 
tions submitted to long-term ‘disruptive’ and ‘stabilizmg’ 
selection on the number of sternopleural chætæ confirms 
the ideas of Mather?-§ that stabihzing selection can 
generate what is called “‘balanced combmations of poly- 
genes”. As Mather’s theories and Gibson and Thoday’s 
findings are important for our understanding of the 
maintenance of genetic vanabilty im natural populations 
1t seems worth while to make a closer comparison 
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Mather’s theses can be summazized in the followmg 
points (1) Quantitative characters (as, for example, 
chete number in Drosophila) are under the control of a 
large number of genes (polygenes) each with only a small 
effect compared to total variabihty and to the effects of 
non-genetic variation Therefore, their presence and 
properties can only be assessed by statistical methods and 
they are not amenable to classical Mendellan analysis 
(2) Polygenes have no pleiotropic action (3) In chromo- 
somes of wild populations, the polygenes are organized in 
combinations of alternating plus and minus genes 
(4) These ‘balanced combinations’ are built up under the 
influence of natural selection acting against dividuals 
with values deviating fiom the optimal mean value of the 
character The selective disadvantago of these individuals 
must be caused by the deviation in the quantitative 
character itself as the polygenes have no pleiotropic action 

Now Gibson and Thoday’s results demonstrate 
(1) Variability in sternopleural chætæ number ıs at least 
partially under the control of genes with large effects the 
presence of which 1s shown by essentially classical Mende- 
han methods (2) These genes have important pleiotropic 
actions which are revealed by the lethality of certain 
combinations of the genes concerned (3) The mam- 
tenance of the genes m ‘balanced combination’ 1s not 
caused by the action of natural selection for an optimal 
mean value of sternopleural chætæ number but 1s brought 
about by the pleiotropic action of the chætæ number genes 
which causes recessive or dominant lethality of the — — 
combinations and + + combinations respectively 

It wil be noted that the findings of Gibson and Thoday 
are at variance with Mather’s ideas on essential points 
Their model, however, shows some similarities with a 
situation described by Reeve and Robertson® where 
interacting recessive lethals seemed to be responsible for 
variation in body size 

A most important pomt is the mamtenance in repulsion 
hnkage of the genes affecting chretz number by their 
viability interactions mstead of by natural selection 
towards an optumal value of the character itself It seems 
relevant here to point out that the concept of ‘polygenic 
balance’ depends largely on experiments with chete 
number in Drosophila Now extensive experiments have 
shown that differences in this character do not have much 
selective value’? So polygenic balance for genes imfluen- 
cing this character must be based on a random distribution 
of the plus and minus genes along the chromosomes or on 
action of natural selection via the pleiotropic effects of 
these genes on characters which are more closely related 
to fitness The latter situation would result in a spurious 
cross-section of fitness for chætæ number® 

Mather? has pointed out that 1f polygenic balance for a 
character 1s caused by the action of natural selection for 
an optimal mean value of this character, the distribution 
of polygenes in the chromosomes must be totally different 
from that of modifiers for mutant expression Therefore, 
a different response to artificial selection on naturally 
vaniable characters (as, for example, chete number m 
Drosophila) and on the expression of mutants has been 
postulated by Mather However. selection on the expres- 
sion of the mutant czP (cubitus interruptus dominant)® in 
Drosophila shows the type of selection response which was 
thought by Mather? to be typical for the unravelling of 
‘balanced combinations of polygenes’ Since the inter- 
ruption of the 4th wing vein in cP, which was used as a 
quantitative character, does not exist in the normal wild- 
type fly, the distribution of its modifiers cannot be 
caused by natural selection actang on this character 
The sumilarity of response finds an easy explanation if 
genes governing a quantitative character are distributed 
at random along the chromosomes A random distribution 
will be found if the distribution of genes along the chromo- 
somes in general ıs a random one Alsoif the distribution 
of polygenes, for example, bristle number, 1s governed by 
the action of natural selection on more.:mportant plero- 
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tropic effects on various other characters the distribution 
of these genes will be at random relative to their action 


tl ber 
on bristle num W ScxHartoo 
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Transmission and Segregation of a Non- 
chromosomal Factor controlling Streptomycin 
Resistance in Diploid Chlamydomonas 


CHROMOSOMAL and non-chromosomal mutations to 
streptomyem resistance have been described m Chlamydo- 
monas revnhard= The chromosomal mutants, sr-1, are 
resistant to low levels of streptomyem (50-100 ug/ml ), 
possess a Mendehan pattern of inheritance, are closely 
linked or allelic, and lie m the left arm of linkage group 
IX Thenon-chromosomal mutants, sr-2, are resistant to 
high levels of streptomycem (500 ug/ml) and exhubit a 
uniparental pattern of inheritance When a mating 1s 
made between, wild-type cells (ss) and cells of an sr-2 
mutant, all the progeny mm each tetrad are, with rare 
exceptions, endowed with the resistance-level of the 
mating type plus (mtt) parent. The purpose of the 
present communication 1s to show that this pattern breaks 
down when diploids are made between sr-2 and ss cells 
and that a large proportion of the diploid clones segregate 
both resistant and sensitive cells during vegetative growth 

The method for obtamimg diploid cells m 0 remhards 
was recently devised by Ehbersold®, and only a brief 
description of the procedure will be presented here since 
1t will be described m detail elsewhere®:* In the present 
experiments, reciprocal matings were made between two 
non-allehe argmme-requrmg mutants according to the 
method of Ebersold and Levine? The two mutants, 
arg-1 and arg-2, complement im diploids"! and are located 
six map units apart m hnkage group I (ref. 7) The arg-2 
parent always carried the sr-2 mutation while the arg-1 
parent was always ss. In each experiment the cells were 
mated for 1 h and then the matmg mixture was plated 
directly on minimal medium supplemented with sodium 
acetate? The plates were meubated m the hght at 27°C 
for several days after which visible colomes had appeared 
on them 

Since the original mating mrxture had contaimed normal 
zygotes as well as diploid cells, the colonies mcluded 
prototrophichaploidrecombmants produced by germmated 
zygotes m addition to diploid cells Usually, the diploid 
colonies were larger than the colonies formed by the wild- 
type recombimants and they could be selected on this 
basis for further testmg The most hkely explanation of 
this phenomenon seems to be that the diploids begm to 
divide soon after bemg plated while the zygotes giving 
rise to wild-type recombmants probably do not begin to 
germinate for at least 36 h After a number of presumed 
diploid colonies had been isolated, they were tested for 
mating type and streptomycm resistance The mt gene hes 
in linkage group VI (ref 8) and assorts dependently of 
the arg mutants so that one half of the wild-type recom- 
binants are mtt and the other half are mi- Duploids, on the 
other hand, are always mt- ın phenotype probably because 
mi- 13 dommant to mtt (refs 5 and 6) Therefore, the 
mating type test could be used to estimate the propor- 
tion of diploids and wild-type recombmants isolated m a 
given experiment Fortunately, all colonies tested proved 
to be mt- m the expermments to be discussed In a number 
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Table 1 TRANSMISSION AND SEGREGATION OF STREPLOMYOIN RESISTANCE 
AND SENSITIVITY IN DIPLOIDS DERIVED FROM RECIPROCAL CROSSES BETWEEN 
gr-2 AND 83 CELLS 


Cross gr-2 mtt x es min ss mit x sr-2 mt- 
Experiment 2 3 1 2 3 
Percentage of ss cells 
in diploid clone 
100 5 55 12 185 2450 4450 6 70 
(3/54) (1/82) (8/179) (22/90) (12/27) (6/90) 
100-80 9 06 18 0 00 0 00 15 10 
(0/87) (1/58) (0/28) (0/12) (3/11) (8/57) 
80-60 510 3 72 850 1250 161 
(2/87) (2/53) (1/28) (2/12) (3/11) (5/57) 
60~40 765 1300 702 1250 151 
(3/87) 17/58) (2/28) (2/12) (3/11) (10/57) 
40-20 15 30 745 1050 1250 100 
(6/87) (4/53) (3/28) (2/12) (2/11 (21/57) 
a 18/37) dabo (1/28) GNH OID (16/57) 
1 
ie 80 504 88 60 6 26 00 8 26 
(18/87) (27/58) (11/28) (1/12) (0/11) (2/57) 


Figures not ın parentheses mdisate the percentage diploids m a given 
cross belonging to each of the categories hsted Figures in parentheses 
show the actual number of diploids m a given category and the total number 
of diploids examined In all crosses the sr-2 parent carried the arg-2 marker 
and the s¢ parent carried the arg-1 marker 


of cases presumptive diploids were tested further by 
crossing them to haploid wild-type mtt cells and screening 
the resulting tetrads for arginme-requirmg progeny The 
two argmme-requrmg mutants can be distmguished by 
testing them on ormthine-contamimg medium since arg-] 
will grow on either ornithine, citrulline, or argimine whereas 
arg-2 will only utilize arzmine’? These crosses showed 
that all the presumptive diploids carmed both the 
markers 

Two important pomts emerge m the experimental 
results (Table 1) First, 50-> 90 per cent of the diploids 
arising from reciprocal crosses between sr-2 and ss cells 
produce mixed clones contawung both resistant and 
sensitive cells This phenomenon cannot be explained by 
the assumption that the diploid nucleus 1s unstable smce 
1t has been found that three unlmked chromosomal 
markers do not segregate m a sumilar manner when the 
diploids are grown under non-selective conditions! 
Secondly, although 50 per cent or more of the diploid clones 
are mixtures of sr-2 and ss cells, a certam amount of the 
polarity characteristic of an ordmary cross 1s retamed 
Thus, m a cross of sr-2 mi- x ss mit up to 50 per cent of 
the diploid clones may be composed entirely of ss cells 
while less than 10 per cent are composed only of sr-2 
cells In the reciprocal cross the reverse 18 true 

If ıb 18 assumed that sr-2 and ss represent alternate 
mutational states of the same factor, then m a normal 
cross the transmission of the factor present m the mt- 
parent is usually blocked while the transmission of the 
factor present m the mtt parent 1s never blocked Dyploids 
probably arise because some function necessary for normal 
zygote formation 1s never realized Whatever this func- 
tion may be, the function which results m the uniparental 
transmission of the s -2 factor 1s also impaired or missing 
m most newly formed diploid cells As a result, the 
majority of diploid cells contain both ss and sr-2 determin- 
ants and these determmants segregate durmg subsequent 
mutotic divisions 

This work was carried out ın the laboratory of Prof 
Norman H Gules, Yale University, and was supported, by 
a Public Health Service trainmg grant (2G-397-C1) I 
thank Prof Guiles for providing the facilities and necessary 
space 

Nicnonras W GILLEĦEAM* 
Biological Laboratories, 
Harvard University, 
Cambridge, Mass 
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(Meetings marked with an asterisk are open to the public) 


Monday, October 2I 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, S W 1), at 5380 p m —Dr J Metinvier and Mr B J Hey- 
wood “Vamuidothion—a New Systemic Insecticide” 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, W C 2), at 630 p m -Mr 
R C Foss “Feedback” (Chairman’s Address) 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 5 W 7), 
at 815 pm—Mr Tom Harrisson ‘Inside Borneo” 


Monday, October 2]—Tuesday, October 22 


POWDER METALLURGY JOINT GROUP OF THE IRON AND STEEL INSTITUTE 
AND THE INSTITUTE OF METALS (at the Royal Commonwealth Society, 
Craven Street, London, W C 2), at 1115 am on Monday andi0am on 
Tuesday—Symposmm on “Residual Porosity in Powder Metallurgy” 


Tuesday, October 22 


SOCIETY OF CHEMICAL INDUSTRY, AGRICULTURE GROUP (at 14 Belgrave 
Square, London, S W 1), at 10 30 a m —Meeting on ““Ruminant Digestion” 


UNIVERSITY OF LONDON (at the Institute of Education, Malet Street, 
London, WC 1), a6 515 pm—Dr W D Wall “Learning to Think” * 


INSTITUTION OF CIVIL ENGINEERS (Gomt meeting with the BRITISH 
SECTION of the SocreTé DES INGÉNIEURS CIVILS DE FRANCE, at Great 
George Street, Westminster, London, S W 1), at 5 30 pm—Mr J Aubert 
*Rhéne—Rhine Navigation” 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
(at Savoy Place, London, W C 2), at 530 pm—Mr J F Coales, OBE 
‘Predictive Control” (Group Chairman’s Address) 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W O 1), at 5 30 g m-— 
Dr F J Prime “The Mechanical Properties of the Human Being’ 
(Second of eighteen lectures on “The Scientific Basis of Medicine” organized 
by the British Postgraduate Medical Federation }* 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University College, 
Gower Street, London, WC1), at 530 pm—Dr Jerry 8 Olson (Oak 
Ridge National Laboratory) “Movement of Radioactive Isotopes mm 
Natural Environments’ (Further lectures on October 23 and 25 )* 


INSTITUTION OF MECHANICAL ENGINEERS, PROCESS ENGINEERING GROUP 
{at 1 Birdeage Walk, Westmmster, London, S W 1), at 6 p m -Discussion 
on “The Appheations of Mechanical Seals m Process Engmeering”’ 


SOCIETY OF CHEMIOAL INDUSTRY, PLASTICS AND POLYMER GROUP (at 
14 Belgrave Square, London, S W 1), at 630 p m —Dr Smith 
‘Improvements ın Toughened Polystyrene and ABS” 


Wednesday, October 23 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIvIsion (at 
Savoy Place, London, W C 2), at 530 pm —Dr R C G Willams ‘“Elec- 
tronics—the Expanding Frontier” (Chairman’s Address) * 


BRITISH INSTITUTION OF RADIO ENGINEERS, RADAR GROUP (at the 
London School of Hygiene and Tropical Medicine, Keppel Street, Gower 
Street, London, WC1), at 6 pm—Mr A Harnson “Methods of 
Distinguishing Sea Targets from Clutter” 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, West- 
minster, London, S W 1), at 6 pm—Mr R C Bond “A Commentary 
on the Change from Steam Traction on Great Brifam’s Railways, and 
some Thoughts on the Future” (Presidential Address) 


INSTITUTE OF INFORMATION SCIENTISTS (at the Swedenborg Society Hall, 
20 Bloomsbury Way, London, W O 1), at 6 15 p m ——Prof Sir Lindor Brown, 
CBE,FRS “Reading the Literature of Science” (Presidential Address). 


Om AND COLOUR CHEMISTS’ ASSOCIATION, LONDON SECTION (at Manson 
House, 26 Portland Place, London, W 1), at 7 pm -Dr T G Green and 
Mr M Thomas ‘Organic Coatings for Metal Contaimers” 


SOCIETY FOR ANALYTICAL CHEMISTRY, BIOLOGICAL METHODS GROUP 
(in the Meeting Room of the Chemical Society, Burlington House, Piccadilly, 
London, W 1), at 7 pm—Meeting on “Assay of Virus Vaccines” Mr 
A J Beale “Manufacture and Control of Pohomyelitis Vacone”, Mr F 
Perkins “The Control Testing of Vaccines” 


SOCIETY FOR VISITING ScinnTists (at the English Speakmg Tmon, 
Dartmouth House, 37 Charles Street, London, W 1), at 780 p m Dis- 
cussion on “Soence and the City” Chairman Baron Fleck of Saltcoats 
KBE,FRS Speakers Dr H M Finmston, Mr E P Hawthorne and 
Dr J Y Dunworth 


Thursday, October 24 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University College, 
ae Street, London, W C 1), at 115 pm-—Dr W G Chaloner ‘ Fossil 
ayfever” 


CHEMICAL SOCIETY (in the Lecture Theatre, Middlesex Hospital Medical 
School, Cleveland Street, London, W 1), at 215 pm-~-Symposium on 
‘Peptide Chemistry” 


INSTITUTION OF CIVIL ENGINEERS, ENGINEERING MANAGEMENT GROUP 
{at Great George Street, Westminster, London, 8 W 1), at 530 pm-— 
Informal Discussion on “The Use of the Critical Path Method” introduced 
by Mr D J Armstrong 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medieme, Keppel Street, Gower Street, London, WC1), at 5 30 pm — 
Dr L B Strang “Changes m the Longs at Birth” (Third of eighteen 
lectures on “The Scientific Basis of Medieme”’ organized by the British 
Postgraduate Medical Federation )* 
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INSTITUTE OF REFRIGERATION (at the National College for Heating 
Ventilating, Refrigeration and Fan Engmeering, Southwark Bridge Road 
London, 8 E 1), at 6 p m —Prof S A Andersen ‘‘Coohng and Dehumd- 
ification of Moist Arr im Cold Stores” 


SOOLIETY OF INSTRUMENT TROHNOLOGY (at the Royal Institution, Albe- 
marle Street, London, W 1), at 6 pm-—Prof Dennis Gabor, FRS 
“Technology, Life and Leisure” (Thomson Lecture) 


ROYAL INSTITUTE oF CHEMISTRY, LONDON SECTION—KENT SUB-SECTION 
(at the Medway College of Technology, Horstead, Maidstone Road, Chat- 
ham), at 7 p m —Prof J C Tatlow “Aromatic Fluorocarbon Chemistry” 


INSTITUTION OF MECHANICAL ENGINEERS, HYDRAULIC PLANT AND 
MACHINERY GROUP (at Highbury Technical College, Dovercourt Road, 
Cosham, Portsmouth), at 7 30 p m —Mr A Gasıunas and Mr W P Lewis 

Hydraulic Jet Propulsion—a Theoretical and Expermental Investigation 
into the Propulsion of Seacraft by Water Jets” 


Friday, October 25 


ASSOCIATION OF APPLIED BIOLOGISTS, and BRITISH ECOLOGICAL SOCIETY 
(at the British Museum (Natural History), Cromwell Road, London, S W 7), 
at 10 50 a m-—Symposium on “Dispersal as a Factor im the Distribution 
and Regulation of Animal Populations, and its Economic Significance” 


ROYAL ASTRONOMICAL Socrery (at Burlington House, Piccadilly, Lon- 
eee Nag at 415 pm-—Sir Harold Jeffreys, FRES “How Soft is the 


INSTITUTION OF MECHANICAL ENGINEERS, THERMODYNAMICS AND FLUID 
MEOHANIOS GROUP (at 1 Birdcage Walk, Westmmster, London, S W 1), 
at 6 p m —Duiscussion on “The Impact of Fouling on Heat Transfer Design” 


Society OF CHEMICAL NDUSTRY, PESTICIDES GROVP (jomt meeting with 
the MANCHESTER SECTION, at the Literary and Philosophical Soctety, 
36 George Street, Manchester 1), at 630 pm—Mr G Edmund-Jones 
‘Crop Protection in Gotton”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 9 pm — 
Prof K W Cross “A Baby’s First Breaths” 


Saturday, October 26 


LONDON COUNTY Councm (at the Hormman Museum, London Road, 
Forest hate London, S E 23), at 3 30 pm—Dr F Hall ‘Animal Com- 
munication” 


Monday, October 28 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S W 7), 
at bP ae G Melvyn Howe “A National Atlas of Disease Mortality 
in the d 


BRITISH SOCIETY FOR THE HISTORY OF SCIENCE (m the Council Room 
of the Science Museum, Exhibition Road, London, S W 7), at 5 30 pm — 
Dr J L Russell “Kepler’s Planetary Laws 1609-66” 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, WC 2), at 5 30 pm —Duiscussion on “Solid State 
Nanosecond Techniques” opened by Mr A F Bof, Dr R E Hayes, Dr 
P Orman and Mr A R Owens 


INSTITUTION OF BLECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
(at Savoy Place, London, W C 2), at 530 pm—Ir R A Gruseels ‘“‘Self- 
Checking ın the SATCO Arr Traffic Control System” 


SOOrETyY oF CHEMICAL INDUSTRY, LONDON SECTION (at Shell Centre 
London, 8 E 1), at 6 30 p m —Scientific Film Evening 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned 

ASSISTANT EXPERIMENTAL OFFICER (if under 22 years of age a GCE 
in four subjects including English and Mathematics at “O” level and two 
scientific subjects, preferably chemistry and biology at “A” level, 1f over 
22 a pass degree, mcludimg chemistry, or an equivalent qualification), to 
assist in chemical and plant physiological research on storage of fresh foods 
-The Secretary Low Temperature Research Station, Agricultural Research 
Council, Downing Street, Cambridge (October 26) 

LECTURERS and ASSISTANT LECTURERS IN THE DEPARTMENT OF 
PsycHo.oagy——The Secretary, The Royal College of Science and Technology, 
George Street, Glasgow, C 1 (October 26) 

LECTURER or ASSISTANT LECTURER IN StTatistics—The Registrar, The 
University, Keele, Staffs (October 31) 

Post-DOcTORAL RESEARCH FELLOW IN THE SCHOOL OF NATURAL PHIL- 
osopny, St Salvator’s College, St Andrews, for work on relaxation time 
measurements in solid3 by spm-echo techniques—The Secretary, The 
University, St Andrews, Scotland (October 31) 

LECTURER IN BLECTRicAL ENGINEERING at the University of Canter- 
bury, New Zealand-——The Secretary, Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall Mall, London, 8 W 1 (New 
Zealand and London, November 1) 

ASSISTANT LECTURER (preferably with industrial and research experience, 
and prepared to become interested in research ın paper technology) IN THE 
DEPARTMENT OF PAPER SCIENCE—The Registrar, Manchester College of 
Science and Technology, Manchester 1 (November 2) 

DIRECTOR (with many years’ experience in theoretical and applied stat- 
istics and related disciplines at the post-doctoral level and adequate admin- 
istrative experience) OF THE INSTITUTE OF STATISTICS, University of Ghana 
~The Registrar, Umversity of Ghana, PO Box 25, Legon, Acera, or 
The Assistant Registrar (Overseas), University of Ghana, 15 Gordon Square, 
London, W C 1 (November 6) 

ASSISTANT DIRECTOR OF RESEARCH IN THE STATISTICAL LABORATORY, 
to engage 1m, and supervise, research m mathematical statistics, to under- 
take consulting work, especially m connexon with the physical sciences, 
and to help with the course for the Diploma in Mathematical Statistics— 
The Secretary, Appomtments Committee, Faculty of Mathematics, Arts 
School, Benet Street, Cambridge (November 9) 

ASSISTANT LECTURER (preferably with experience or special mterest in 
biochemistry and nutrition) IN THE AGRICULTURAL CHEMISTRY SECTION 
OF THE DEPARTMENT OF AGRIOULTURE—The Registrar, The Umversity, 
Leeds 2 (November 11) - 
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CHAIR OF CHEMISTRY—The Secretary, Royal College of Science and 
Technology, George Street, Glasgow, C 1 (November 15) 

JUNIOR LECTURER (preferably mterested m cytological or physiological 
aspects of vertebrate reproduction) IN ZooLoay—The Secretary, Ihe 
Medical College of St Bartholomew’s Hospital, West Smithfield, London, 
E C1 (November 18) 

CHAIR OF MECHANICAL ENGINEERING at Queen Mary College—The 
Academic Registrar, University of London, Senate House, London, WC 1 
(November 21) 

CHAIR OF CONTROL ENGINEERING within the School of Engineermg 
Scrence—The Secretary and Registrar, The University College of North 
Wales, Bangor, North Wales (November 25) 

CHAIR OF MicroBicLoGy—The Registrar, University College of South 
Wales and Monmouthshire, Cardiff (November 29) 

SCIENTIFIC OFFICER (Palzxontologist) (with a B Sc (Hon) or MSc with 
zoology and/or geology as leading subjects) with the New Zealand Geological 
Survey, Lower Hutt, to undertake research on the systematics and history 
of Tertiary mollusean fauna of New Zealand and thus to contribute to theit 
uso in stratigraphy——-The High Commissioner for New Zealand, New Zealand 
House, Haymarket, London, S Wi, quoting Ref No B 13/18/18/2758 
(December 18) 

ASSISTANT EXPERIMENTAL OFFICER (with at least a pass degree 1n agri- 
culture or equivalent) IN THE DEPARTMENT OF GRASS/ANIMAL ECOLOGY, 
to assist in the investigation of factors affecting the health and productivity 
of FE ts Secretary, The Grassland Research Institute, Hurley, Maiden- 

ead, Berks 

ASSISTANT LECTURER, Grade B (with a good honours degree in zoology, 
and preferably gome industrial and/or teaching experience), TO TEACH 
ZOOLOGY to GCE “A” level and BSc General Degree level-—-The Prin- 
cipal, South-East Essex Technical College and School of Art, Longbridge 
Road, Dagenham, Essex 

ASSISTANT LECTURERS and LECTURERS IN ELECTRICAL ENGINEERING 
with opportunities to specialize m any branch—The Secretary, Northampton 
College of Advanced Technology, St John Street, London, E C1 

GENETICIST (with a good honours degree), to work on developmental 
genetics and gene action in Drosopitla—The Secretary, Poultry Research 
Centre, Agricultural Research Coune’l, King’s Buildings, West Mams Road, 
Edinburgh 9 

HISTOLOGY TECHNICIAN, for a research programme concerned with the 
effects of radiation on tissues—The Secretary, The Medical College of St 
Bartholomew's Hospital, London, E C1 

LABORATORY ASSISTANT (with experience of animal house maimtenance 
and work in experimental physiology)}—The Secretary, Royal College of 
Advanced Technology, Salford, Lancs, quotmg Ref CHy/13 

LECTURER IN VETERINARY PHYSIOLOGY—The Registrar, The Univeraity, 
Liverpool, quoting Ref No CV/424 

LECTURER or ASSISTANT LECTURER (graduate m microbiology or m 
chemustry/biochemistry with training or experience m mucrobiology)—The 
Principal, National College of Food Technology, St George’s Avenue, 
Weybridge, Surrey 

LECTURER (with at least two years’ experience with a digital computer, 
a sound knowledge of the construction or modification of processors, and 
of the application of computers to the solution of technological problems) 
IN THE COMPUTER CENTRE—The Academic Registrar, Loughborough College 
of Technology, Loughborough, Leicestershire, quoting Ref 31/4 

RESEARCH ASSISTANT (physicist or mathematician, preferably post- 
doctoral, with an interest in observational science) at the Imperial College 
Field Station near Ascot, fora DS IR sponsored study of cloud- and ram- 
systems—-The Meteorology Department, Imperial College of Science and 
Technology, London, S W 7 

RESEARCH FELLOW IN ENDOCRINOLOGY IN THE DEPARTMENT OF 
ANATOMY, to study the mfluence of environmental and other factors on 
seasonal changes in the ferret—Dr W P Dallas Ross, The Department of 
Anatomy, The Medical School, Birmingham 15 

RESEARCH FELLOW (with a higher degree or other substantial research 
experience) IN HITHER THE DEPARTMENT OF ELECTRICAL ENGINEERING 
OR THE DEPARTMENT OF ELECTRONICS, for work on electrical materials, 
Toachines and apparatus, or on microwave and quantum electronics (in- 
eluding lasers)}—The Registrar, The University, Southampton 

SENIOR RESEARCH FELLOW (with an honours degree) AT THE ADVANCED 
SCHOOL OF AUTOMOBILE ENGINEERING, to carry out research, under the 
sponsorship of the Nuffield Foundation, into vibration in relation to vehicle 
te aa Registrar, The College of Aeronautics, Cranfield, Bletchley, 

ucks 

SENIOR TECHNICIAN (male over 21, with GCE “A” level chemistry and 
physics or equivalent, and several years’ experience in a biochemical or 
organic chemical laboratory) FOR A BIOCHEMICAL LABORATORY engaged 
m cancer research—-The Secretary, Institute of Nuclear Medicine, Middlesex 
Hospital Medical School, London, W 1 


REPORTS and other PUBLICATIONS 


(not included wn the monthly Books Supplement) 


Great Britain and Ireland 


Speers, Ltd Typimgin Style (Paper at Work, No 3—a Series of Spicers 
Gudes ) Pp 16 (London Spuicers, Ltd , 1963 ) 208 
Famy Planning Association 32nd Annual Report 1962/63 Pp 22 
{London Family Planning Association, 1963 ) {208 
Commonwealth Mycological Institute Mycological Papers, No 91 Bust 
Fungi IT On Oceraceae, Actinidiaceae, Adoxaceae and Aizoaceae By 
Geoffrey F Laundon Pp 19+2 plates 7s 6@ Mycological Papers, No 92 
Key to the Species of Phytophthora de Bary By Grace M Waterhouse 
Pp 22 7s 6@ (Kew Commonwealth Mycological Institute, 1963) (208 
Royal Institute of Chemistry Monographs for Teachers, No 7 Prin- 
ciples of Catalysis By Dr G C Bond Pp 52 (London Royal Institute 
of Chemistry, 19638} 6s 208 
Transactions of the Royal Societv of Edinburgh Vol 65, No 10 Some 
Specimens of Lagenorachis papio Kidston Associated with Stems of Patys 
By Albert G Long. Pp 211-224 -+plates 1-4 10s 6d Vol 65, No 11 
A Late Glacial Site at Loch Droma, Ross and Cromarty By W Kirk and 
E Godwin Pp 225-250-++platesland2 10s 6¢ Vol 65, No 12 Petro- 
logy and Petrogenesis of some Garnetiferous Peridotites. By Dr J M 
O'Hara and Dr E L P Mercy Pp 251-314 25s Vol 65,No 18 Inguria 
Nappe Northern Appennines By Sir Edward Balley and Dr W J 
McCallien Pp 315-334 12s 6d Vol 65, No 14 The Functional Mor- 
phology and Feeding Mechanisms of the Chydorid Cladoceran EFurycercus 
lamellatus (O F Muller) By Geoffrey Fryer Pp 335-382 17s 6d 
Vol 65, No 15 ‘The Periostracum of Mytilus eduhs By J F Dunachie 
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Pp $83-410+plate 1 108 6¢ (Edinburgh Royal Society of Edinburgh, 
1963 {208 


The Institution of Chemical Engmeers Regulations for the Admussicn 
of Student, Graduate, and Corporate Members, and for the Examination 
of the Institute Pp 12+28 (London The Institution of Chemical 
Engineers, 1963 } 208 

brit.sh Chemicals and Their Manufacturers 1963 The Directory of the 
Association of ritish Chemical Manufacturers Pp 230 (London Asso- 
eration of British Chemical Manufacturers, 1963 ) [218 

The Wildfowl Trust Fourteenth Annual Report, 1961-62 Edited by 
Hugh Boyd Illustrated by Peter Scott Pp 180+42 photographs (Slm- 
bridge The Wildfowl Trust, 1963) 178 6d net {218 


Other Countries 


Naticnal Academy of Sciences—National Research Council Publication 
No 1087 Umted States IGY Buibbography 1953-1980—an Annotated 
Bibhography of United States Contnbutions to the IGY and IGC (1957-1959) 
Compiled by Frank M Marson and Janet R Terner {A jomt project of the 
Library of Congress, The National Sence Foundation, ‘The National 
Academy of Sciences ) IGY General Report No 18, Apri] 1963 Pp vmt 
392 (Washington,DC National Academy of Sciences-—National Research 
Council 1963) 3 doilars [128 

Ceylon Admunistration Report of the Director of National Museums for 
1960-61 Pp 16 Rs -/45 Admmustration Report of the Director of 
National Museums for 1961-62 Pp 49 Rs 1/35 (Colombo Government 
Publications Bureau, 1962 and 1963 ) 128 

Occasional Papers of the California Academy of Sciences No 38, (July 
10, 1963) O1 Seepages on the Arctic Coastal Plain, Alaska By G Dallas 
Hanna Pp 18+1 plate No 39, (July 10, 1963) The Genus Calotarsa 
with special reference to © Insyms Aldrich (Diptera Platypezidae) 
By Edward L Kessel Pp 24+1 plate No 40, (July 10, 1963) A New 
Species of Giant Lima from Off Southern Califorma (Mollusca Pelecypoda) 
By Leo G Hartlen Pp 6 No 41, (July 10, 1963) Pastures of the Sea 
ae 3) A.Clemens Pp 8 (San Francisco Califorma Academy of noenee 

Organization for Economic Co-operation and Development—European 
Nuclear Energy Agency Fourth Annual Report of OK CD “Dragon” 
High Temperature Reactor Project Pp 160 (Paris Organization for 
Economie Co-operation and Development—European Nuclear Energy 
Agency, 1963 ) 128 

University of Cahforma Publications m Geological Sciences Vol 45 
Paleontology and Nonmarine Stratigraphy of the Cuyama Valley, Badlands, 
California Part 1 Geology, Faunal Interpretations, and Systematic 
Descriptions of Chiroptera, Insectivora, and Rodentia By Gideon T James 
Pp 1v+171 (8 plates) (Berkeley and Los Angeles University of California 
Press, London Cambridge University Press, 1963 ) 3 50 dollars F128 

Report and Accounts of the National Botanic Gardens of South Africa, 
(Kirstenbosch, Newlands, Cape, Karoo Garden, Worcester, and Harold 
Porter Botanic Reserve, Betty’s Bay), for the financial year ended 31 March, 
1963 Pp 32 (Kirstenbosch, Newlands, Cape National Botanic Gardens of 
South Africa, 1963 ) [128 

United States Department of Health, Education and Welfare Public 
Health Service The MEDLARS Story at the National Library of Medicine 
Pp vunt74 (Bethesda, Maryland US Department of Health, Education 
and Welfare, Public Health Service, 1963 ) [128 

Publications of the Dominion Observatory, Ottawa Vol 22, No 11 
Bibhography of Seismology, Items 14585-15345, January-June, 1962 
By J H Hodgson and F E Langli Pp 289-327 (Ottawa Queen's 
Printer, 1962 ) 1 dollar [128 

Bibhhographien des Deutschen Wetterdienstes Nr 13 <Agrarmeteoro- 
gische Bibhographie, 1961 Bearbeitet von Maximilian Schneider Pp 
m 253 (Offenbach aM  Belbstverlag des Deutschen biases ct 


963 } 

FAO-WHO-OIE Animal Health Yearbook, 1962 Pp vin+399 
(Rome Food and Agriculture Organization of the United Nations, 1963 ) 
15s , 3 dollars, 1050 Fr francs [128 

Canada Department of Mmes and Technical Surveys Geological Survev 
of Canada Geological Maps—Preliminary Semes Map 8-1963 Upsal- 
quitech Forks, New Brunswick Map 11-1963 Riding Mountam, Manitoba 
Map 20-1963 Sachigo River, Ontario and Manitoba (Ottawa Director, 
Geological Survey of Canada, 1983 ) [208 

United States Department of the Interior Geological Survey Geo- 
phyaeal Abstracts, No 197, June 1963 By James W Clarke, Dorothy B 

italiano, Virginia S Neuschel, and others Pp 11-+477-572 365 cents 
Index to Geophvsical Abstracts, 188-191, 1962 By James W Clarke, 
Dorothy B Vitahanoc, Virgima S Neuschel, and others Fp 651-820 
40 cents (Washington,DC Government Printing Office, 1963 ) [208 

Canada Mimistére du Nord Canadien et des Ressources Nationales 
Musée National du Canada Bulletin No 182 Saint-Pierre et Miquelon 
Une Mission Folhlorique aux îles Par Carmen Roy 192 (Ottawa 
Imprimeur de la Reme et Contrôleur de la Papeterie, 1963 ) 3 dollars [208 

Food and Agriculture Organization of the United Nations Freedom from 
Hunger Campaign. Basic Study No 3 Animal Disease and Human Health 
Pp vui-50 (Rome Food and Agriculture Organization of the United 
Nations, London H M Stationery Office, 1963 ) 28 6d , O 50dollars [208 

Canada Department of Northern Affairs and National Resources Na- 
tional Museum of Canada a nunropology Papers, No 8 Archaeological 
Survey Along the North Shore of Lake Superior By J V Wright Pp 9 
Bullet No 184, (Anthropological Serres, No 58) ‘The Donaldson Site 
By J V Wrightand J E Anderson Pp viui+118 (26 plates}. 1.50 dollars 
{Ottawa Queen’s Printer, 1963 } {208 

Uganda Government Annual Report of the Forest Department for the 
year ended 30th June, 1962 Pp vu+82 (Entebbe Government Printer, 
1963) Sh 86-50 [208 
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APPOINTMENTS VACANT 


ROYAL PERTH HOSPITAL 
WESTERN AUSTRALIA 
HOSPITAL MICROBIOLOGIST 
Applications for the above post are invited 
from medical graduates with suitable experence 
m Microbiology The Hospital Department of 
Microbiology 1$ under the control of the Director 
of Hospital and University Services im Micro- 

biology 

The successful candidate will be required to 
assist the Durector (Professor N F Staniey) m 
the administration of the routine laboratory and 
chnical services of the Hospital Department of 
Microbiology, to act in the absence of the 
Director, and to carry out special mnvestigations 
from time to time 

Royal Perth Hospital is the mam teaching 
hospital of the Medical School of the University 
of Western Australia The Hospital Department 
of Microbiology ıs well equipped, adequately 
staffed for the performance of all modern micro- 
biological techniques, functions in close associa- 
tron with the University Department of Macro- 
biology m the adjacent School of Medicine and 
the Virus Research and Diagnostic Laboratory of 
the Department of Public Health 


SALARY Within the range of £A3,800 to 
£A4,350 per annum, commencing rate according 
to qualifications and experience Salary will com- 
menog from the date the appoimtee takes up 
uty 

CONDITIONS OF SERVICE Include annual 
leave, long service leave (three months on full 
pay after each seven years service) and sick leave 
Study Jeave may be granted as a privilege for 
some special purpose approved by the Board 
Contribution to the State Superannuation Scheme 
is required, or alternatively, the Hospital would 
consider subsidizing the appointed officer’s exist- 
me commitments under an approved scheme or 
endowment policy 


TRANSPORT EXPENSES’ A travel grant 
equivalent to minimum First Class sea passage 
will be provided for successful applicant and 
family (under 16 years of age), together with an 
allowance of £8200 for the cost of removal of 
personal effects, etc (excluding furniture and 
motor vehicie), subject to a bond to remain im 
the Hospital’s service for a minmum penod of 
three years 

A memorandum of Information including 
further details of the Department of Microbiology 
18 available upon request 

Further information concerning Royal Perth 
Hospital and the State of Western Australia may 
be obtained from the Agent General for Western 
Cir Savoy House, 115 Strand, London, 

2 





Appheations un writing should include date of 
birth, qualifications, experience, present and pre- 
vious appointments, a lst of publications, a 
recent photograph and the names and addresses 
of three referees 


CLOSING DATE November 30, 1963 


Joseph Gniffith, 
ADMINISTRATOR 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF ANATOMY 
RESEARCH FELLOWSHIP IN THE 
PHYSIOLOGY OF REPRODUCTION 


Appheations are invited for a Research Fellow- 
ship in the Department of Anatomy (Professor 
Sir Solly Zuckerman, CB, FRS) to study the 
physiology of reproduction and ın parucular to 
investigate the control of fertihty ium primates 
and lower mammals The salary will be deter- 
muned according to qualifications and expenence 
FSSU and famuy allowance will be pad 
Ininally the appotntment will be for a period of 
two or three years, which may be extended 

Further particulars may be obtained from the 
Assistant Registrar, the Medical School, Birming- 
ham, 15, to whom apphcations, naming two 
referees, should be sent as soon as possible 
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AUSTRALIA — NEW SOUTH WALES DEPARTMENT OF AGRICULTURE 
CAREERS FOR PROFESSIONAL OFFICERS 


Applications are invited for the following positions in the New South Wales Department 


of Agriculture, Australia 
experience. 


t ECONOMICS RESEARCH OFFICERS 
(ref 234/A) Salary £A1,403 (three-year 
graduate), range £A2,123 Honours graduate 
or a four-year graduate with an appropriate 
degree commencing salary £A1,473 Pro- 
gression to £A2,393 subject to specified con- 
ditions Appointee required to undertake re- 
search in Agncultural Economics, Farm 
Management cr the Marketing of Farm 
Products Should possess a degree in Agri- 
cultural Economics, Agricu'tural Scrence, 
Economics or equivalent quahfications 
Headquarters Initially Sydney, but appointee 
may be required to serve in any part of New 
South Wales 


CHEMIST (TOBACCO RESEARCH) 


(ref 234/B) Division of Scrence Services 
Salary £A1,405 (three-year graduate), range 
£A2,305, four-year graduate commencing 
salary £A1,505 Progression to £A2,655 sub- 
ject to Special conditions Degree in Agricul- 
tural Science or Science and postgraduate ex- 
penence m organic chemistry essenval Ap- 
pointee required to undertake research, in 
association with other tobacco researc 
workers, into problems related to the pro- 
duction, manufacture and smoking quality of 
tobacco and may be given a period of tram- 
Ing in this specialized field Headquarters 
initially will be at the Department’s Science 
Services laboratories at Rydalmere, near 
Sydney, and facilities will be available for 
field trials Final location will probably be 
im a country tobacco growmg area 


AGRONOMISTS (ref 234;¢ Mmmum 
salary (graduates) £A1,473 (on-graduates) 
£A1,023 with progression to £A2,123 subject 
to meeting requirements Opportunities exist 
for further promotion to £A2,453 and be- 
yond Vacancies exist im pastures, weeds 
and crop research, general agronomy and ex- 
tension with field crops and vegetables 
Qualifications BSc Agr, BRural Sc, or 
Diploma of the Hawkesbury or Wagga Agri 
cultural Colleges or equivalent Must be pre- 
pared to serve in any part of the State 


VETERINARY RESEARCH 


OFFICERS ref 234/G) Veterinary 
Research Station, Glenfield Salary £A1,613 
with range to £A2,343 subsect to meeting re- 
quirements Opportunities exist for further 
progression to £A2,618 and beyond Quali- 
fications BVSc or equivalent essential, 
postgraduate experience in a vetermary diag- 
nostic or research laboratory desirable 
Duties Examination of specimens in connec« 
tion with stock diseases—one appointment 
will be im the field of bacteriology and patho- 
logy and the other in virology Opportumty 
to conduct research im these fields available 


SPECIAL LIVESTOCK OFFICER 

(Beef Cattle, Horses and Goats) (ref 234/H) 
Salary £A2,273 range £A2,453 Degree in 
Vetermary Science, Agricultural or Rural 
Science essential The position holds pros- 
pects for advancement Appointee may be 
required to serve m any part of the State 


CHEMIST (SOIL SURVEYOR) 

(ref 234/L) Salary £A1,405 (three-year 
graduate) range £A2,305 Honours gradu- 
ate or a four-year graduate commencing 
salary £A1,505 Progression to £A2,655 sub- 
ject to satisfying certain conditions Appli-~ 
cants should possess BSc (Agr), BSc, or 
equivalent degree qualification Duties would 
principally comprise carrying out soil surveys 
ın any part of New South Wales, preparation 
of data and draft maps from surveys, labora- 
tory work, and such other duties as may be 
A required Headquarters at Dhivyiston of 

Science Services, Rydalmere - 


Commencmg rate in each case according to qualifications and 


FRUIT RESEARCH OFFICERS 

(ref 234/D) Minimum Salary (graduates) 
£A1,473, (non-graduates) £A1,023 with range 
to £A2,123 subject to meeting requirements 
Opportunities exist for further promotion to 
£A2,453 and beyond Vacancies at Sydney, 
Alstonville Tropical Frurt Research Station 
(near Lismore) and the Lower Murray Re- 
search Station at Dareton Duties include 
investigations unto fruit growing problems 
associated with tropical, sub-tropical and 
deciduous fruits Degree in Agricultural 
Science or equivalent essential 


RESEARCH AGRONOMIST 


(Weed Control) (ref 234/E) Yanco 
Agricultural Research Station Salary £A1,473 
with range to £A2,123 subject to meeting re- 
quirements Opportunities exist for further 
progression to £A2,453 and beyond Ap- 
pointees will be required to undertake re- 
search on the control of weeds occurring 
mamiy under irrigation in the south-western 
districts of New South Wales Considerable 
scope for the apporntee to develop research 
with weeds mm rice, vegetables, wngated pas- 
tures or irmgation ditches Degree in Agi- 
cultural Science or its equivalent essential 


VETERINARY OFFICERS 

Division of Ammal Industry (ref 234/37) 
Salary £Ai,613 with range to £A2,343 sub- 
ject to meeting requirements Opportuntties 
exist for further progression to £A2,618 and 
beyond Degree in Veterinary Science or 
equivalent essential Duties Investigations 
m stock and poultry disease outbreaks , take 
regulatory action im cases of scheduled dis- 
eases Appointee must be prepared to serve 
anywhere n the State 


SENIOR RESEARCH OFFICERS 
(ref 234/K) Plant Nutrition and Cereal 
Chemistry, Tamworth Agricultural Research 
Station Salary £A2,455 range £A2,655. 
Prospects of progression to £A2,755 subject 
tO Meeting certan requirements Uf not 
possible to apport an experienced officer 
consideration may be given to appointing a 
Research Officer with commencing rate up to 
£A1,905 with prospects of further progression 
subject tO meeting requirements) Duties 
Plant Nutrnitron—the study of environment on 
uptake and utilization of nutrient elements by 
the major crops and pasture species grown 
in the northern part of New South Wales 
Cereal Chemistry—-original research mm cereal 
chemistry and routine quality evaluation of 
cereal samples from breeding and experiment 
plots Quahfications appropriate postgradu- 
ate experience desirable The recently estab- 
lished Research Station, situated seven mules 
from the City of Tamworth serves as a centre 
of agricultural research for a large section of 
the north-west of New South Wales Excel- 
lent facilities for research Appoimtees will 
be expected to provide research leadership 
and, where necessary, im-Service traming for 
jumor officers in their particular fields 


LECTURER IN MICROBIOLOGY 
(ref 234/F) Hawkesbury Agricultural Col- 
lege, Richmond Salary £A1i,403 with range 
£A2,123 subject to meeting requirements 
Opportunities exist for further progression to 
£A2,393 and beyond Applicants must possess 
appropriate degree of a recognized University 
and have ability to lecture and conduct ex- 
amunations and give practical instruction and 
demonstrate, where necessary, required to 
lecture in Microbiology in Agriculture, Food 
Technology and Dairy Technology Diploma 
Courses, and to share disciplinary and other 
College dutres with other Lecturers Cottage 
at moderate rental available withm four 
miles of College 


Please wmte for application forms to the New South Wales Government Offices, 56 Strand, 
London, W.C.2, quoting the reference number of the appointment in which you are interested 


THE CLOSING DATE FOR APPLICATIONS IS NOVEMBER 11, 1963. 


CHEMIST OR BIOCHEMIST REQUIRED IN 
Department of Chemical Pathology for work on 
metabolism of steroid hormones involving micro- 
chemical and radiochemical techniques Some ex- 
perience in chemical work preferred but recent 
graduate would be traimed Opportumty for 
study for higher degree-——Apply Secretary, St 
Mary’s Hospital Medical School, London, W 2 
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ENTERIC REFERENCE LABORATORY 
Technician wanted to assist m MRC supported 
research project, mainly concerned with bactenal 
polysaccharides Experience in chromatographic 
techniques an advantage NHS scales of pay 
according to qualifications and experience —Ap- 
plications to the Director, Central Public Health 
Laboratory, Colindale Avenue, N W 9 


October 19, 1963 
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IMPERIAL CHEMICAL INDUSTRIES LIMITED 





PETROCHEMICAL AND POLYMER LABORATORY 
REQUIRES (BETWEEN NOW AND AUGUST 1964) 


PHYSIGISTS, PHYSICAL CHEMISTS 
OR ENGINEERS 
to work on POLYMER PHYSICS 


The Petrochemical and Polymer Laboratory was formed in 1962 
to carry out long-range exploratory chemical research, and to 
assess the commercial possibilities of the products of this 
research Its ultimate strength will be 60 chemistry graduates 
and 10 Engineers together with about 25 graduates engaged in 
various aspects of physics The latter will give direct support to, 
and guidance of, the chemical effort and wil! seek fundamental 
information on the physics of polymers and petrochemicals 


The Laboratory will be similar to the good academic research 
laboratories as regards intellectual atmosphere, equipment and 
general facilities The publication of scientific work and com- 
munication with researchers elsewhere will be encouraged as 


much as possible, 


graduate 





In the physics department there are vacancies for two types of 


(2) Research workers experienced in the fundamental study of 


polymer melt flow or solid state physical properties They 
should be interested not only in the pure physics of polymers 
but also in the way properties are dependent upon chemical 
structure Candidates most likely to be suited to this work 
are Honours graduates in physics or physical chemistry 


(b) Physicists or technologists interested in correlating the 
behaviour of polymers in laboratory experiments with their 


performance in practical processes 


Examples of this work 


are the analysts of (a) screw extrusion ın relation to polymer 

visco-elasticity, or (b) the mechanical strength of a moulding 

in terms of the inherent strength of the polymer and the 

effect of thermal and shear history Candidates for posts in 

this field should be graduates in physics or related subjects 

and although some experience of such work would be an 
advantage, a more Important qualification ts an intelligent 

enthusiasm for the analysis of technological processing 


Applications quoting ref P/P26 should be made to The Labora- 
tory Head, IC] Ltd, Petrochemical and Polymer Laboratory, 
PO Box il, The Heath, Runcorn, Cheshire 


i 
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UNIVERSITY OF SHEFFIELD 


Applications are invited for two posts as Re- 
search Assistant to take part mm programmes de- 
signed to study (1) human chromosome abnorm- 
ality and associated disorder, and (2) chromo- 
some behaviour in normal and abnormal karyo- 
types Suitable for graduates with a first degree 
in the Biological Sciences or Chemustry Initial 
salary up to £1,100 per annum, according to 
quahfications and experience 

Please apply to the Secretary, Genetics Depart- 
ment, the University, Sheffield, 10, giving full 
details of qualifications and expenence and the 
names of two referees 


UNIVERSITY OF NOTTINGHAM 


Applications are invited for 4 Lectureship in 
Physics Candidates should have research exper- 
ence in nuclear magnetic resonance Salary scale 
£1,250 to £2,150 per annum, mutual salary ac- 
cording to qualifications and experience, plus 
membership of the Universities pension scheme 
and children’s a Jowance 

Conditions of appointment and = application 
form, which should be returned by Wednesday, 
November 27, 1963, from the Registrar 


Da m me p ` + “m Ty - a 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF ANATOMY 
RESEARCH FELLOW IN ENDOCRINOLOGY 


Apphcations are invited for a Research Fellow- 
ship in the Department of Anatomy (Professor 
Sir Solly Zuckerman, CB, FRS) to study the 
influence of environmental and other factors on 
seasonal changes m the ferret The salary will 
depend on qualifications and experience and will 
include FSS U and family allowance benefits 

Further particulars may be obtained from Dr 
W P Dallas Ross, the Department of Anatomy, 
the Medical Schoo), Birmingham, 15, to whom 
applications, naming two referees, should be sent 
as soon as possible 


SENIOR IL TECHNICIAN REQUIRED FOR 
work on tumour destroying virus in tissue cul- 
ture General tissue culture expenence neces- 
sary human cell culture expenence an advantage 
Salary £945 to £1,445 per annum according to 
age and experience -Written applications should 
reach Dr J G _ Bennette Courtauld Institute, 
Middlesex Hospital, London, W1 before 
November 1, 1963 
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UNIVERSITY OF CAPE TOWN 


SENIOR LECTURER OR LECTURER IN 
MATHEMATICAL STATISTICS 


Applications are iuvited from persons with 
special quahfications in Mathematical Statistics for 
the post of Senor Lecturer or Lecturer im the 
Department of Mathematics The present salary 
scales are Senior Lecturer, R 3,520 by R 120 to 
R 4,120 (£1,760 by £60 to £2,060) per annum 
Lecturer, R 2,680 by R 120 to R 3,520 (£1,340 by 
£60 to £1,760) per annum The salary scales are 
under review, and it 1s hoped that improved 
scales will be introduced from the beginning of 
1964 The initial salary will be dependent upon 
the qualifications and experience of the success- 
ful applicant, who would be expected to com- 
mence his duties as soon as reasonably possible 

Two copies of the application must be sent to 
the Secretary, Association of Commonwealth Uni- 
versities (Branch Office), Marlborough House, Pall 
Mall, London, SW 1 (from whom memoranda 
giving the general conditions of appoimtment, 
travel allowance on appointment, and detailed 
information about the department and its pro- 
gramme of teaching and,research in Mathematical 
Statistics should be obtained), not later than 
November 11, 1963 A third copy of the appli- 
cation should be sent direct by arma: to the 
Registrar, University of Cape Town, Private Bag 
Rondebosch, South Africa, to reach hum by the 
same date The University reserves the right to 
appoint a person other than one of the applicants 
or else to make no apporitment 


NATIONAL RESEARCH COUNCIL 


OF CANADA 
POST-DOCTORATE. FELLOWSHIPS 


Approximately 150 Fellowships will be awarded 
for 1964-65 by the National Research Council 
Of these, 40 will be tenable in National Research 
Counci laboratories, 15 m laboratories of the 
Department of Agriculture, 4 1n laboratories of 
the Department of Forestry, 15 ın laboratories of 
the Department of Mines and Technical Surveys 
4 m the laboratories of the Department of* 
Nattonal Health and Welfare, 2 in the Fisherres 
Research Board of Canada taboratories, 2 in the 
Department of Transport—-Meteorological Service 
of Canada laboratories, 8 in the laboratories of 
Atomic Energy of Canada Limited, and 60 in 
laboratories of Canadian universities 

Applicants should be not more than 35 years 
of age and should possess a PhD degree from 
a recogmized university, or expect to obtain such 
a degree before taking up an award (Candi- 
dates having equivaient research experience may 
be considered } There are no restrictions regard- 
ing nationality of applicants, but successful can- 
didates must meet all Canadian immigration 
requirements 

The annual stipend, which is free of income 
tax, 18 $4,000 for single Fellows and 35,000 for 
male Fellows who are married 

The fields in which Fellowships are avarlable 
im the laboratories of the National Research 
Counc, the Department of Agriculture, the 
Department of Forestry and the Department of 
Mines and Technical Surveys are described in 
greater detail in booklets that may be obtained 
on request, together with application forms 
Applicants who are interested in Fellowships in 
the universities may write directly to these insti- 
tutions, or to the National Research Council for 
information The fields of interest should be 
stated in the imtial maquiry in order that appro- 
pnate information may be supphed The closing 
date of the competition 1s January 15, 1964 

Inquiries should be addressed to 

Awards Officer, 
National Research Council, 
OTTAWA 2, Canada 


Chief Scientific Liaison Officer, 
National Research Council! of Canada, 
Africa House, 

Kingsway, 

LONDON, W C2, England 


UNIVERSITY OF SHEFFIELD 


DEPARTMENT OF PHYSICS 

Appheations are invited for two posts of Re- 
search Assistant to Professor N H March ten- 
able from January 1, 1964 One is a senior post 
for work on the angular distribution of charge in 
the unit cell of transition metals Applicants 
should have a PhY ın Theoretical Physics or 
equivalent research qualifications JInitsal salary 
according to age and experience not less than 
£1000 a year The other post 1s a junior one 
for work on the density matrix theory of mpuri- 
ties and imperfections m metals Apphkeants will 
be encouraged to read for a Ingher degree, and 
financial support at least equal to that of a 
Be IR postgraduate studentship will be avail- 
able 

Applications should be sent to the Registrar 
7 a University, Sheffield, 10, by November 9, 
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PHYSICISTS 


The AEI RESEARCH LABORATORY, RUGBY, 


18 


engaged on an extensive investigation of laser materials 


and applications of-lasers 


There are several opportunities 


for high quality physicists to participate 1n these investiga- 


tions 


Four specific vacancies are set out below but 


applications from any well qualified scientist keen to work 
in this field will be considered 


(1) A senior physicist to lead a team investigating the 
applications of lasers 


(2) 
(3) 


fluorescence 


A physicist for work on theoretical aspects of crystal 


A physicist to study semiconductor laser materials using 


resonance techniques 


(4) 


A physicist to investigate crystalline laser materials 


using mfra-red spectroscopic techniques 
Applicants should possess a good honours degree or Dip 


Tech 


research would be advantageous 


and relevant postgraduate academic or industrial 


Imtial salary will depend 


upon qualifications and experience Applications should be 


addressed to 
AEI 
RESEARGH 


DIRECTOR OF AEI RESEARCH LABORATORY, 
RUGBY, WARWICKSHIRE. 


THE GENERAL ELECTRIC COMPANY LTD. 
HIRST RESEARCH CENTRE 


Enquiries are invited from 


HONOURS GRADUATES 


in Physics, Electrical Engineering and Mathematics 


for (1) Research and Development in Lighting, mvolving the study of vision and its 
bearing on the design of installations, the measurement of optical, thermal, mechanical 
and electrical properties of materials, the experimental design and testing of equipment, 
and the pianning of special lighting applications (for land, sea and air), and (2) Work 
on Discharge Lamp Research discharge lamp circuitry and ballast design, and also on 
the fundamental aspects of discharge mn gases 

There is one opening for a candidate having a pass degree or HNC 


Appheants available now or later in 1963 should apply m writing to the Staff Manager 
(Ref B/913/G), 


THE GENERAL ELECTRIC COMPANY LIMITED 
Hirst Research Centre, Wembley, Middlesex 


NATIONAL COLLEGE OF FOOD 


TECHNOLOGY 
ST GEORGES AVENUE, WEYBRIDGE, 
SURREY 
Prnapal J D Mounfield, MSc Tech, PhD, 
FRIC 
Apphecations are invited from graduates in 
microbiology or m chemustry/Orochemustry with 
training or experience m microbiology, for a 
teaching post at the College Facthtes for re- 
search are available Appomtments may be made 
at Lecturer or Assistant Lecturer level Salary 
scales Lecturer, £1,670 by £45 to £1,895 per 
annum, Assistant Lecturer, £930 to £1,550 per 
annum Starting salary dependent on qualifica- 
tuons and experience 
Application forms (obtainable from the Col- 
lege), should be sent to the Prmcipal as soon as 
possible 








HORTICULTURE ADVISORY OFFICERS 
National Agricultural Advisory Service (Mrustry 
of Agriculture, Fisheries and Food) Sıx or 
more pensionable posts for men or women at 
least 20 on October 1, 1963 with degree in horti- 
culture (or closely related subject) NDH, or 
equivalent qualification, and at least one years 
full-time practical experence National salary 
scales Grade IV, £769 to £1,064, Grade III, 
£1,157 to £1,821 Starting salary may be above 
minimum in both cases Promotion prospects — 
Write Civil Service Commission, 23 Savile Row, 
London, W 1, for application form, quoting 
5766/63/7 Closing date November 12, 1963 (1) 





UNIVERSITY OF MANCHESTER 


Apphlicanons are invited for the posts of Lec- 
turer and Assistant Lecturer in the Department 
of Physics in the Faculty of Science The re- 
search interests of applicants should lie in the 
High Energy Phymes field, in which the Depart- 
ment has an active programme Duties to com- 
mence as soon as possible Salary scales Lec- 
turer, £1,250 to £2,150 per annum, minal salary 
according to quahfications and experience , Asstst- 
ant Lecturer, £1,000 to £1,150 per annom 
Membership of the FSSU and Chifdren’s 
Allowance Scheme 

Appheanons should be sent not later than 
November 15, 1963, to the Registrar, the Umiver- 
sty, Manchester, 13, from whom further par- 
ticulars and forms of application may be ob- 
tained = =Applications by airmail letter m the first 
instance will be received from overseas candi- 
dates, who should state the mames and addresses 
of at least three persons to whom reference can 
be made 


POST-DOCTORATE FELLOWSHIPS UNDER 
the National Research Council of Canada, 1n the 
following fields—~Physical Chemistry gas 
kinetics , combustion reactions by mass spectro- 
metry, enzyme kinetics , radiation, induced poly- 
merization , molecular structure by infra-red 
spectroscopy Organic Chemistry steroid hor- 
mones , synthesis and conformational problems 
Natural quinones , isolation and structure For 
particulars write to Paul A Giguére Director, 
Chemustry Department, Laval Uniwersity, 
Québec 10, Canada 
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AUSTRALIAN NATIONAL 


UNIVERSITY 
LECTURER IN BOTANY (GENETICS) 


Appheations are invited for appomtment to a 
new post of Lecturer in Botany (Genetics) in the 
School of General Studies of the University The; 
appointee wil be required to take up duty as 
early as possible in 1964 An interest and e 
perrence mo biochemical and/or physiologicz 
genetics is desired The salary range for Ie 


am, 


re 


‘ 


vod 
Wa 
t 


i 
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turer ıs at present £A1,750 by £A100 to £A2,45 ~ 
per annum Salary on appointment will be 1 ~ 


accordance with qualifications and expenenct 


A cost of hving allowance, at present £A31 pet .- 


annum, will be paid to an appointee within the 
range, except at the maximum Salares are’ 
under review 

Further information and the forms which 
should accompany an application may be obtained” 
from the Secretary, Association of Commonwealt! $ 
Universities (Branch Office), Marlborough Houx - 
Pall Mall, London, SW 1 Applications close iL 
Australia and London on November 25, 1963 ‘{- 












PILKINGTON BROTHERS LIMITED ad 
Glass Manufacturers, require ; i 
PHYSICISTS re 
to work i the Models Laboratory of 
Technical Development on Studies of 


furnace design 


The work involves the simulation of 
flows of molten glass and combustion gases 
using scale models, the designing of these 
models, planning of experiments and the 
supervising of assistant staff z 


The age range 1s 23 to 30 years and the 
successful applicant would probably have an 
honours degree ın physics, but applicants 
With other appropriate qualifications and 
experience of fluid dynamics would be con- 
sidered 


Please quote M L /3 ın applying to L P 
Laidlaw, Group Staff Department, Pilking- 
ton Brothers Limited, Grove Street, St 
Helens, Lancs 





UNIVERSITY OF CAPE TOWN/ 

PROVINCIAL ADMINISTRATION 

OF THE CAPE OF GOOD HOPE/ 
JOINT MEDICAL STAFF 


DEPARTMENT OF PHYSIOLOGY AND 
PHARMACOLOGY 


LECTURER IN PHYSIOLOGY 


Applications are invited for a newly created 
lectureship i Physiology at a salary within the 
range R 2,040 to R 3,480 (£1,020 to £1,740) per 
annum, depending on experience and qualifica- 
tions A medical degree or a higher degree in 
physiology or biochemistry 1s desirable Appli- 
cants should be prepared to assume duties on or 
soon after January 1, 1964 Applicants should 
state age, qualifications, experience, publications, 
and research imterests, and give the names of 
two referees whom the University may consult 

Two copies of the application must be sent to 
the Secretary, Association of Commonwealth Uni- 
versities (Branch Office), Marlborough House, Pall 
Mall, London, SW 1 (from whom memoranda 
giving the general conditions of appointment, 
travel allowance on appointment, and further in- 
formation about the department should be ob- 
tained), not later than November 11, 1963 A 
third copy of the application should be sent direct 
by arma to the Registrar, University of Cape 
Town, Private Bag, Rondebosch, Cape Town 
South Africa, to reach him by the same date 
The University reserves the right to appoint a 
person other than one of the applicants or else 
to make no appomtrment 


THE MEDICAL COLLEGE OF ST BAR- 
tholomew'’s Hospital, West Smithfield, EC1 
Applications are invited for the post of Junior 
Lecturer 1n Zoology tenable as from January 1, 
1964, or as soon thereafter as possible The suc- 
cessful apphecant will be required to assist ın the 
teaching of medical students and to carry out 
research Preference will be given to a person 
interested in cytological or physiological aspects 
of vertebrate reproduction The salary will be 
on the scale £1,000 by £50 to £1,150 plus £60 
London Allowance, together with Children’s 
allowance and membership of the FSS U— 
Forms of application, which should be returned 
not later than November 18 may be obtained 
from the Secretary of the Medical College 
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LEITZ U.V. Micro Beam instrument 
after Seidel 


[L] For experimental work in general physiology, growth 
physiology, cytophysiology and cytogenetics. 

[C] irradiation of sites to be determined 
microscopically, with U V beams from 

5myz x 5mu to 250 mu x 250 mu 

Ci Observation of the behaviour of cells after radiation 
damage or their reaction to certain wavelengths 











of the U V -range. 
L] Production of artificial pathogenesis. 


q » j > a C] Artificial mutations through the irradiation of 
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chromosomes in germinating or isolated cells, etc, 
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The Leitz production programme includes — 
Microscopes, Micromanipulator, 

fully automatic ORTHOMAT microscope camera, 
Photometer, Lecture hall projectors. 


(JE rA product of thoughtfulness and skill 


E LEITZ (INSTRUMENTS) LTD , 30 MORTIMER STREET, LONDON W.1. 
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PENNING CONTROL 
UNIT MODEL 1 


(a) Range 10°? to 10°° torr in two 
ranges 


J “4 +. t ome y aa 
A fen? an ow ae 
kde Q18 E 
s i a AR M: ad ato 
` or Ka eT E „ar 
ty e 


" 


(b) For use with Penning gauge head 
Type PG 1 


(c) Facility for external meter or 
recorder 


THERMOGOUPLE CONTROL §$THERMO-PEN CONTROL 
UNIT MODELS 1-2 and 1-6 UNIT MODEL 1 


a h ‘1 a) For use with Penning gauge Type PG 1 
( ) For use with Thermocouple gauge Type TC. ( ) snd Gwe Thermocouple ceases Type TC Í 


(b) Covers the ranges 10 to 1079 torr and 10°* 





(b) Range 10 to 1077 torr in one range 
(c) Model 1-2 supplies 2 heads so 10"9 toit 
(d) Model 1-6 supplies 6 heads 


(c) Mains operated. 
(e) Heads interchangeable without re-setting the 
control unit (d) Each circuit incorporates all the features of 


t 
(f) Battery operated and completely portable the above instruments 


(g) Mains operated units available on request 


OO r ee 
£52100 | ot 


INI h N LTD Kirk Road, Church, Accrington, Lancashire. Telephone 35611 
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GRANT 


INSTRUMENTS 


CAMBRIDGE 


JUNIOR 
THERMOSTATIG 
WATER BATHS 


20-—90'C + 1 C. JB1 ° £12-10-0°12' x 5° x & internal 






A new range of simple thermostatic baths with polypropylene tanks and stove-enamelled outer cases 


A copper-sheathed immersed-rod heater and liquid-expansion thermostat are mounted under a perforated 
stainless steel tray. The thermostat has a calibrated dial, and neon lamps show ‘mains on” and ‘‘heater on". 
Fluctuations inside flasks or test tubes do not exceed +0 2°C and differences between one flask and another 
are less than 0 I°C, 


These baths are also available as boiling baths with energy regulator in place of the thermostat (or as well as 
the thermostat) A wide range of lids and other accessories can be supplied for the baths. 
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JB5 ° £79-5-0 ° 23’ x 43° x 43’ internal 
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Automatically 


Vickers Automatic Counters and Sizers take 
the tedium out of counting and sizmg small 
particles, speed up the work, umprove accuracy 
and release skilled microscopists from routine 
work. These instruments are bemg used to 
count and size inorganic powders and aerosols, 
using either the original material or shadows 
obtamed by the evaporating aluminium tech- 
ngue They are also bemg used in cellular 
biological research, notably in the field of 
cancer and bacteriology. 

Scanning is by the wide track method. Using 
200 scans of 10 mm active regions per scan, 
an area of 50 mm.” 1s covered in 55 seconds 
with the Console model and ın 60 seconds with 
the Bench model. The size range covered 1s 
approximately 10 to 200% The machmes will 
be demonstrated ın our showrooms to suit 
your convenience. A Bench Medel is also 
available. Send for Brochure. 


VICKERS INSTRUMENTS LTD. igaya” 






Successors to Cooke, Troughton & Simms Ltd and C Baker Instruments Ltd 
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Freeze dried specimens o 
to embedded stage simply | 
and cleanly... , 
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‘SPEEDIVIG -PEARSE 
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Convenient and easy to operate @ Rapid thermo-electric cooling to —60°C @ 
No freezing mixture required for the freeze-drying process @ Integral wax 
embedding facility—-resin embedding accessory @ Specimens heated to 
embedding temperature by the same thermo-electric element @ Mechanical 
interlocks prevent mal-operation of thermo-electric element @ Rapid pump 
down to better than 001 torr (mm Hg) @ Gas ballast rotary pump safe from 
moisture contamination @ Direct observation of temperature and chamber pressure 


"“Speedivac” products and service are available internationally 
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THE W.LS.E. 
WILL PROVE INVALUABLE FOR 


Particle size analysis 


Diameter measurement of fibres, synthetic fibres, 
spun yarns, wires 


Measurement of transistor components and photo- 
graphic masks 


Measurement of many biological specimens and 
bacteria 


Dust control 


Measurement of diamond pyramid indents tn hard- 
ness testing á 


THE W.LS.E. OFFERS YOU 


A high degree of light transmission—it can be used 
for projection 


Versatility—the majority of microscopes will accept 
the W.LS E. 


Exceptionally quick, easy and accurate read-out from 
the combined counter and drum of the setting head 
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In the Watson Image-shearing Eyepiece, shearing 
is achieved by means of a dichroic beam splitter 
which gives colour differentiation of the beams 
with less than 3% light loss due to absorption. 
The shear ıs proportional both to the movement 
of the two mirrors in the system and the adjust- 
ment of the setting head from which readings are 
taken. The use of filters is normally unnecessary; 
a polarising filter may be used, however, to re- 
store colour balance where specimen staining 
interferes with relative image strength. The 
W.I.S.E. will fit most microscopes possessing 
RMS standard tube diameter, and direction of 
shear can be altered simply by turning the Eye- 
piece in the microscope tube. A graticule indicates 
direction of shear and defines a standard area for 
particle counting. For size distribution studies the 
W.I.S.E. can be pre-set and calibrated if required 
Overall magnification with the standard eyepiece 
supplied is x20. 


if you would like to know more about this outstanding new instrument, please write for full details to 


W. WATSON & SONS LTD - BARNET - HERTS 
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High Speed Ektachrome- | 
fast becoming invaluable in 
many research projects... 


High Speed ‘Ektachrome'’ is the fastest colour film 
made by Kodak. Rated at ASA 160, it brings 
black-and-white speed to colour photography. It 
has proved itself invaluable where coloured dyes 
are used as markers; in metallurgical analysis by 


flame propagation; in photo-recording where High Speed 
high-speed galvanometer traces overlap and need Ektachrome Fi lm 


to be identified by colour; in photo-elastic stress 
analysis; in Schlieren photography and in many 





other fields where high speed transients and Kodak Limited, Industrial Sales Division, 
identification by colour go together. Kodak House, Kingsway, London W.C.2 
W rite fe or details. ‘Kodak? and ‘Ektachrome’ are registered trade-marks. 
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Frequency response from 
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1s +2%. AC response 
up to 100 cps is +03 db. 


Price £350 


Fully descriptive leaflet on request 
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LIBRARY SERVICES AND THE SOURCE FOR INSPIRATION 


E the Returns from Unwwersities and Unwer sity Colleges 
m Recerpt of Treasury Grants, Academe Year 1961-62, the 
University Grants Committee contmues its recent practice 
of inmcludmg a general survey of the year Prommence 1s 
given in this survey to the appoimtment last June, with 
the Mmustry of Education, of a Library Committee, the 
terms of reference and the membership of which are set 
forth Both terms of reference and the membership have 
been the subject of some criticism, and the importance of 
the university library has been stressed im some recent 
discussion of umversity education It has, mdeed, been 
urged as one reason for concentratmg the university 
expansion on existing large universities that only such 
universities have any prospect of providing the essential 
library resources on an adequate scale 

It might be commented in this connexion that past and 
present parsimony has put almost all Britain’s existing 
university lbraries far behmd the university libraries of 
the United States m ther resources, nor do the returns 
mcluded in the present report from the University Grants 
Committee indicate any improvement or prospect of 
improvement IJnbrary expenditure m Great Britam as & 
whole remains at no more than 3 8 per cent of unrversity 
expenditure as compared with 38 per cent ın 1951-52 
and 40 per cent in 1959-60, and the total expenditure is 
now only £2 8 milhon compared with £988,000 in 1951—52 
and £2 35 milhon ın 1959-60 The total expenditure on 
books 1s httle more than £600,000 a year and on periodicals 
æ little more than £300,000; the combmed expenditure 
of all the universities for these purposes 1s only £640,000 
and £330,000, respectively Only at the University of 
Oxford does expenditure on books approach £100,000 a 
year, and at the University of Cambridge £50,000 a year, 
and only at eight other universities does ıb approach or 
exceed £20,000, apart from London Only some half- 
dozen, universities spend £15,000 on periodicals, and the 
combined expenditure of £330,000 compares with £118,000 
in 1951-52 

These figures are pertment ın that the new Library 
Committee ıs instructed “to consider the most effective 
and economical arrangements for meeting the needs of 
the Universities and the Colleges of Advanced Technology 
and central stitutions for books and periodicals, taking 
into account expandmg staff and student populations, 
the possible needs of other users, the growth of research, 
the rismg costs of books and periodicals, and the mn- 
creasing capital cost of hbrary accommodation”? There 18 
manifestly much past neglect and parsimony to be made 
good at costs which will be mevitably the higher for 
delay It 1s to be hoped the lesson has been learned 

The Committee was also ‘‘to assess how far greater use 
might with advantage be made of shared facilties, both 
between the imstitutions themselves and between the 
outside library systems and other institutions, and of 
modern methods of reproduction? If this part of its 
terms of reference imples recognition that university 
hbraries are an essential part of a national hbrary system, 
that may explain to some extent the membership of the 
Committee It will scarcely explain some of the omissions, 
and ıt 1s manifest to anyone who has the slightest acquaint- 


ance with library organization m Britam as a whole why 
the Committee, as at present constituted, fails to command 
confidence, respect and enthusiasm, not only among the 
staff of the university libraries but among the Standing 
Conference of National and University Libraries, the 
National and University Libraries Committee of the 
Library Association or the Association of Special Libraries 
and Information Bureaux Such confidence and respect 
are essential, however, if the Committee is to prove 
effective, and there ıs little m 1ts present membership to 
offset doubts as to its possessmg either the professional 
expertise and insight or the magination and drive which 
its work demands 

The most appropriate background agamst which the 
work of this new Committee 1s to be assessed 18, however, 
provided by the forthright address which Dr J N L. 
Myres, the Bodley’s Librarian, delivered as president at 
the annual conference of the Library Association on July 7 
Dr Myres quoted a comment from Mr R Vosper, of the 
University of Calforma, that Ilhnois, with 35 mnlhon 
volumes, was the largest State university library m the 
United States and the only one that had undertaken to 
compete with Harvard m the massive and persistently 
expanding support that ıs essential to hbrary excel- 
lence He asserted that unless Britaim’s university 
libraries, both new and old, were given this massive and 
persistently expanding support and had the pnority over 
other university needs, which Mr Vosper also claimed 
was so at Illinois, there was no possibility m the present 
acutely competitive condition of the mternational book 
trade that they would achieve or retain the value or the 
status necessary to make their universities worthy of the 
name, It 1s not simply a question of money, though the 
figures already quoted indicate sufficiently how poorly 
placed are the university lbraries of Britam to compete 
with the effect which this massive American buying of 
older books and manuscripts has had and still is having 
on the dwmdling sources of supply m Europe or on the 
general level of prices Dr Myres was thinkmg far more of 
the need for consistent and sustamed generosity m pro- 
viding library funds and of the overwhelming and urgent 
need for a far higher level of financial support for learned 
libraries generally m Britam 

Dr Myres began his consideration of the position of 
the university or learned lbiaty by referrmg to the 
challenge presented to statesmanship in the policy to be 
adopted ın providing hbraries for the new and recently 
created unrversities—a challenge which he urged con- 
fronted not only the newly appointed librarians and library 
authorities, but no less their vice-chancellors, the Univer- 
sity Grants Commuttee and the Treasury Dr Myres 
thought that there was grave risk that, m spite of appar- 
ently generous initial grants, the assumption might be 
made that the main 1equirement was to provide for the 
current needs of undergraduate study with a limited range 
of standard text-books, periodicals and works of reference, 
and that, for anythmg outside that range, recourse should 
be had to the borrowmg facilities already available ether 
regionally or nationally from older and better stocked 
collections Admittedly these new university libraries 
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will require all the assistance they can obtain in then 
early years from outside sources, and may take many 
years to create for themselves even the basic minimum 
stock which will justify their existence as learned hbi aries 

Even if Dr Myres 1s a little pessumistic as to the time 
required for that purpose, he 18 fully justified in his 
assertion that the notion that the needs of these hbraries 
beyond a certam pomt ought not to be satisfied perman- 
ently, or for a moment longer than 18 absolutely essential, 
by reliance on borrowmg from exstmg libraries, even 
from national loan collections such as the National 
Lending Iabrary for Science and Technology or an 
equivalent institution ın the humanities that may be 
created, 18 a dangerous delusion Dr Myres does not 
decry or mmumuze the value of such facilities He insists, 
nevertheless, that such facilities should never be regarded 
as an adequate substitute for the possession on the spot 
of books that are needed on that spot Moreover, no 
university library worthy of the name will ever be formed 
on the principle that anythmg ıt requires but does not 
possess need not be bought if ıt can be borrowed from 
elsewhere 

That principle needs assertion to-day and not simply 
in relation to the expansion of existing or the creation of 
new university hbraries but m regard to the development 
of an efficient and economically sound national library 
system It 1s of the first importance that the new Library 
Committee should brng home to the University Grants 
Committee that the only sound policy for a university 
library, on grounds of economy no less than efficiency, 18 
one that aims at providing within its own walls its own 
copies of everything which the members of the university 
need for the promotion of their own studies or the 
advancement of learnmg. Reasons of space or scarcity 
may impose the use of modern copying methods m place 
of onginals, but that does not mvalidate the principle, 
and clear thinkmg on this pomt 1s & first essential 

But the prmeiple reaches further and ıt 1s two-edged 
University hbraries are mmportant participants m the 
National Central Library’s present system, and most 
university hbrarians can tell of requests for the loan of 
books and other publications the cost of which 1s some- 
times no more than that of the postage and packing 
involved Government depaitments are notorious 
offenders m this respect, and unless a sense of proportion 
obtains and due vigilance is exercised, efficient loan 
systems could founder through unreasonable demands 
There 1s already some concern over the policy adopted 
by the National Lending Library for Science and Tech- 
nology, and this uneasiness was not removed by the talk 
which Miss Webb gave to Aslib last May on the new 
National Library of Science and Invention, of which she 
is to be in charge 

The new Library ıs to restrict its holding of periodicals 
to those less than 50 years old, the old volumes being 
transferred to the British Museum Library or to the 
National Lending Library for Science and Technology 
With the discontmuance of a loan service from the 
remains of the Science Museum Iabrary m London, 
access to the olde: periodicals, particularly open access, 
wil be considerably more limited or impeded This may 
be a serious matter for those working on the history of 
science, and it has its bearmg on the extent of the stocks 
which a university hbrary should hold and on the validity 
of & policy based on the alleged fact that a periodical article 
18 Only consulted once on average Averages are mis- 
leading and even worthless where the scholar 1s con- 
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cerned even if the basis of compilation is not open to 
challenge The only sound basis for determining policy 
as regards stocks of older periodicals and books, whether 
for loan or access, 18 in relation to a national schome 
which takes full account of the resources of all national 
institutions, mcluding those of the learned societies and 
universities, as well as of the public hbraries One cannot, 
for example, at the same time assert that msufficient use 
is made of existing knowledge and clam that the present 
records of use are necessarily a sound guide to future 
requirements 

Dr Myres, ın the concluding part of his address, was 
particularly concerned about the acquisition of research 
material in the face of American demand and resources 
It was the situation there that led him to conclude 
reluctantly that there was no will, in the quarters that 
control Britaim’s policy on the finance of higher education 
to provide the support which alone can build new unver- 
sity libraries worthy of the name, or enable the older ones 
to maimtain thew proper status m the world of learnmg. 
but there is little evidence to suggest that his fears 
generally are unjustified The unwillmgness of the 
University Grants Committee to earmark grants for 
hbrary purposes for fear of miterfermg with academic 
freedom 18 scarcely justifiable to-day, and if the appomt- 
ment of the new Library Committee means anything it 
should pomt a way around that difficulty Certamly, 
while Dr Myres was urging the Library Association itself 
to use some of 1ts own influence to impress those respon- 
sible for pubhc policy in this matter, his words should 
not escape the attention of either the new Committee or 
the Mimster for Science himself 

Nor is ıt sumply a matter of books and of buildings 
and equipment Of vital ımportance to the quahty of 
the service given by a university hbrary 1s the ability of 
its staff from the hbrarian downward The grounds for 
disquiet are no less substantial here While in the statutes 
for the new University of Strathclyde (see Nature, 199, 
1137, 1963) the university lhbrarian is given the status 
of professor and & place on the Senate, only a handful of 
universities as yet accord such recognition to their 
hbranan The scales advocated by the University Grants 
Commuttee are honoured ın the breach rather than m 
the observance Even ifthe university librarians generally 
were placed im the professorial grade with the appropriate 
salaries, many of them would still find it almost mpossible 
to attract and retain staff of the appropriate ability end 
enthusiasm in the existing salary situation—a position 
which, 1t should be noted, 18 equally characteristic of 
much of the pubhe hbrary service 

A satisfactory hbrary service for the universities and 
for the nation generally depends ın some measure on & 
more generous and enlhghtened attitude to the librarians 
and their staff As part of such a policy, a more rational 
attitude may well be requred to the organization of 
library work so that specially tramed or skuled staff 1s 
not wasted excessively on duties which require no special 
professional knowledge or aptitude Here, the responsi- 
bilities of professional bodies are mvolved and they have 
essential contributions to make, and for that reason alone 
the Minister of Education can scarcely allow difficulties 
over the reorganization of local government to delay 
midefinitely the action which was recommended more than 
four years ago m the Roberts Report on the Structure of 
the Public LInbrary Serowe n England and Wales (see 
Nature, 183, 1289, 1437, 1959) Two reports have smce 
been submitted to him, one on Inter-Inbrary Co-operation 
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in England and Wales* and one on Standards of Public 
Labrary Service in England and Wales +, each by a working 
party set up to examune the technical mplications of the 
Roberts Report 

The report concerned with standards scarcely requires 
discussion here, though it should be noted that this 
working party stresses the need for an objective approach 
to the public hbrary and its duties and once again 
emphasizes the importance of the public library as a 
gieat and developing national asset This conception 18 
fundamental to any adequate survey of the functions 
which pubhe hbraries should be expected to perform and 
to any reasonable national library system, of which such 
hbraries form an essential part Further, the workmg 
party recommends specifically that the pubhe hbrary 
should work ın close association with the hbraries of local 
technical colleges and of other educational institutions 
and with specialzed libraries ın other orgamzations It 
should be obvious, too, that the standards recommended 
by the working party on the grounds of hbrary efficiency 
should contribute also to the effectiveness of the mter- 
library co-operation m England and Wales with which 
the second workmg party was concerned 

The report of this workmg party recommends first that 
the existing eight regions of the library service should be 
reduced to four or five, each self-sufficient in certain 
types of material, and the Mimster of Education, Suir 
Edward, Boyle, mdicates m a foreword dated December 
1962 that he ıs asking the proposed advisory councils for 
England and Wales to consider the most appropriate 
relation between the English and the Welsh regions The 
report also recommends the replacement of the National 
Committee on Regional Library Co-operation by a joint 
committee appointed by these proposed Advisory Councils 
and reporting through them on all aspects of library 
co-operation It is also recommended that the regional 
councils and the National Central Library should con- 
sider the extent to which the holdings of university and 
other special hbraries should be incorporated ın regional 
catalogues as well as at the National Central Library 

It 13 m respect of the National Central Library that 
the report touches more particularly on those aspects of 
a national system that are of most interest to the univer- 
sity librarian or to the scientist, and 1t 1s here also that 
some dissent 1s recorded by members of the working party 
The workmg party visualizes public hbrary authorities as 
bemg made responsible in the foreseeable future for 30 per 
cent of the expenditure of the National Central Library 
It recommends consideration of the possibility of trans- 
ferrng responsibilty for the Government grant to the 
Library from the Treasury to the Mimister of Education 
as well as that the estimates of the Library should be 
prepared tri-annually The last proposal seems sound, but 
the idea that responsibility for the Library’s financial 
resources might be placed alongside that for the National 
Lending Library for Science and Technology or the 
new National Library of Science and Invention does 
not appear to have been considered 

There 18, however, a logical argument for that course 
pointing, moreover, to the Minister for Science, and im hne 
with thisis Mr F G B Hutchimg’s note of dissent regarding 
the cost of the National Central Library, the whole of 
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which, ın his view, should be met by the Treasury He 
rejects the suggestion of the earher Roberts Report that 
half the mcome of the National Central Library should 
come from sources other than the Treasury, pomting out 
that the Library 1s primarily a means by which books 
throughout the country are made available outside their 
locality The closest analogy ıs not with the National 
“Library of Scotland, as the Roberts Report suggested, but 
with the National Lending Library for Science and Tech- 
nology, which 1s entirely supported by Government funds 
Mr D T Ricknell also insists that financial responsibility 
for developing the work of the Library should he with the 
Treasury and adds that the whole service provided 18 
national in character and its further development should 
be regarded as a national responsibility 

These notes of dissent seem to be remforced by the 
working party’s findmg that no case has yet been estab- 
lished for a new National Lending Library for the 
Humanities to undertake work which would be mainly 
an extension of what the National Central Libary 1s 
already domg It recommends instead that the resources of 
the National Central Library for the purchase and storage of 
books should be considerably increased to enable it to remove 
many of the difficulties of research and supply m the 
field of the humanities The position would clearly be 
improved by a more generous policy in regard to univer- 
sity lbraries generally, both in respect of the service 
which they are able to render to the members of thew 
own community and the co-operation they are able to 
offer the National Central Library itself 

Meanwhile, these reports substantiate essentially Dr 
Myres’s plea for some more generous and realistic policy 
towards the university libraries both as such and as part 
of an adequate national system They mdicate the weak- 
ness of attempts to deal piecemeal with the system and 
the extent to which the responsibilities of the Minster of 
Education m this field are mterlocked with those of the 
Mimster for Science That pomt emerges very clearly 
also from the backgiound paper on science, economic 
growth and Government polcy presented to the Muinis- 
terial Meeting on Science in Paris, as mdeed in the report 
on Scrence and the Polhes of Government, which was 
prepared by the Advisory Group on Science Policy of the 
Organization for Economic Co-operation and Develop- 
ment for the same meeting (see Nature, 200, 199, 1963) 
The mmportance of the work of the Library Committee 
appointed by the University Grants Commuttee and the 
Ministry of Education could not be better demonstrated, 
and in this context the Minister for Science may well be 
expectod to take an even greater mterest than the Minister 
of Education 


BIOLOGY OF THE SEAS OF THE 
U.S.S.R. 


Biology of the Seas of the U SS R 

By Prof L Zenkevitch Translated by S Botcharskaya 
Pp 955 (London George Allen and Unwin, Ltd , 1963 ) 
160s net 


HE oceanic coasts of the USSR are washed by 

Atlantic, Arctic and Pacific waters This vast country 
also surrounds, wholly or in part, the greatest and the 
most mteresting and productive of all brackish water and 
inland seas the Baltic, Black Sea, Sea of Azov, Caspian 
and Aral Seas No other country has direct interest in 
seas so widely distributed or so diverse in salimty Apart 
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from the Baltic, the Barents Sea, the Sea of Japan and the 
Bering Sea, in all of which other countries have made and 
contmue to make major contiibutions, investigation of 
this large section of the seas of the world 1s entirely in the 
hands of Russian scientists working at 44 institutes and 
from more than 20 research vessels 

In this magnificent book, described in his preface as “a 
considerably amended and supplemented version of the 
second edition of my book T'he Fauna and Brological 
Productivity of the Sea, published ın 1947’, Prof L 
Zenkevitch reveals how great are the contributions which 
he and his fellow workers have made to the science of 
oceanography These enable him to paint a comprehen- 
sive picture of the conditions of life and the factors con- 
trolling productivity ın the 13 seas to which he gives 
separate consideration The Russian approach to bio- 
logical oceanography has always been quantitative As 
an imevitable consequence of the vast aieas with which 
they are concerned, they have had to pay initial attention 
to the wood as a whole, leavmg detailed consideration 
of the individual trees until later It is the biomass of 
plankton, of invertebrate benthos and of fishes and the 
controlling effect of regenerated or mflowing nutrients 
which form the dommant and always fascinating themes 
of this book 

The subject-matter 1s divided into northern, southern 
and far-eastern seas In each a prelimmary account 
covering general characters 1s followed by chapters dealing 
with the mdividual seas History of exploiation 1s 
followed by descriptions of geology, including submarine 
topography, hydrography, the nature and origm of the 
fauna and flora and productivity ın terms of plankton and 
benthos, leading finally to consideration of commercial 
fisheries 

In the northern seas we begin with the Barents Sea with 
its rich fauna of mixed Atlantic and Arctic origin and great 
productivity associated with the vertical mixing of 1ts 
waters along the polar front We then progress eastward 
by way of the White, Kara, Laptev and Chukotsk Seas 
By stages the influence of the Atlantic ıs reduced both 
qualitatively and quantitatively—im the White Sea the 
average benthic biomass drops to one-fifth The less- 
saline waters of the Kara Sea contam a umque high 
Arctic relict brackish water fauna Finally, ıncursion from 
the Pacific comes to influence the fauna of the Chukotsk 
Sea An admirable account of the Baltic concludes these 
descriptions of northern seas 

The southern seas are the enclosed seas and also those 
least known outside the USSR No marme or fresh- 
water biologist, indeed no biologist mterested m the effect 
of environment on hfe or on the distribution of living 
things, can fail to find matters of compelling interest in 
these chapters on the Black Sea Sea of Azov, Caspian and 
Aral Seas In his introductory chapter, Prof Zenkevitch 
traces the history of these inland seas and the origins of 
their fauna and flora To a relict community of maine 
Tertiary origin, much influenced later by exposure to 
fresh waters, have been added immigrants from fresh 
waters, from the Arctic and, more significantly in the Black 
Sea and Sea of Azov, recent invasions from the Mediter- 
ranean Although impoverished these faunas may be 
immense With a mere fraction of the faunal vanety of 
the Mediterranean, the Sea of Azov has a far greater 
productivity 

Even in the Black Sea, despite lack of oxygen m its 
depths, a postulated vertical circulation imphes far 
greater productivity than has been suspected In the 
Caspian the rmmense inflow of nutiients especially from 
the Volga has been more fully utilized ın terms of eventual 
production of fish by the deliberate introduction of Nerers 
diversicolor (not N succinea as originally thought) and 
other benthic invertebrates Mussels, barnacles, diatoms, 
fish and prawns, even a medusa and a crab from America, 
have all of recent years found then way mto these recep- 
tive waters 
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The final section, dealing with the Sea of Japan, Sea of 
Okhotsk and the Bermg Sea, has been added m this edition 
Here we are in the richest as well as in the deepest ocean. 
Zones of benthic lıfe are considered from the supralittoral 
to the profound depths of the Kuril-Kamchatka Trench 
The greater speed of growth of the Pacific, as compared 
with the Atlantic, cod ıs related to the much 1ıcher benthos 
and also to the shorter mugrations between feeding and 
spawning grounds The densest populations of herring in 
the world occur in the Sea of Japan where, after the mult 
has been shed, the waters are smoothed as though o1l has 
been poured on them Perhaps the richest of all feeding 
grounds for demersal fish and crabs lie on the western 
Khamchatka shelf The existence of an amphi-boreal 
fauna, of recent origi can “be considered’, Prof 
Zenkevitch writes, “as an immense experiment im acclim- 
atization by Nature herself—a conquest of vast new habi- 
tats, often more spacious than the original ones? It is an 
experiment which 1s being emulated by Soviet biologists 
responsible for movement of Pacific salmon and crabs to 
north Atlantic waters 

No short review can do anything approaching justice 
to this book, which opens windows on to such wide pros- 
pects of scientific knowledge It1is written by a complete 
master of the subject and has been extremely well trans- 
lated by Sophia Botcharskaya, there ıs only one obscure 
passage near the bottom of p 101 It contains 427 most 
illuminating figures with 329 tables, and concludes with 
some 50 pages of references and an excellent index I 
would regard this as the most important book on marine 
biology since the publication m 1912 of Murray and Hyort’s 
Depths of the Ocean C M YONGE 
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MORE DEVELOPMENTS IN PLANT 
ANALYSIS 


Moderne Methoden der Pflanzenanalyse 

Begrundet von K Paech und M V Tracey Fortgefúhrt 
von H F Ianskens und M V Tracey 6 Band unter 
mitarbert von B D Sanwal SBearbeitet von verschiede- 
nen Fachgelehrten Pp xxiv+512 (Berlin Springer- 
Verlag, 1963) 98 DM 


rT “HIS volume is the second of the supplementary 
volumes in the series Modern Methods of Plant 
Analysis As evidence of its quality, ıt 18 sufficient to say 
that ıt mamtains the high standard set by Volume 5 
The present number includes an extensive section on the 
general methods of enzyme chemistry, m which the new 
editorial combination of H F Linskens and M. V Tracey 
was assisted by B D Sanwal In all, there are 24 
separate articles, 14 ın German and 10 ın English 
Some of the aiticles, although useful, require I:ttle 
comment since they are essentially extensions to the range 
of compounds covered in the earlier volumes Thus, 
W Hemen deals with silicon compounds, H Stern with 
the determination of sulphydryl groups, U Beiss with 
phosphatides and glycohpids, F Bohlmann and W 
Sucrow with naturally occurring acetylene compounds, 
and M Hesse and H Schmid with natural chromones 
Other articles deal with products chaiacteristic of mdh- 
vidual species or plant groups Thus, R Braun describes 
the production, isolation and quantitative determmation 
of orchmol, an antibiotic formed by the tubers of a 
number of orchid species following incubation with the 
fungus Rhizoctona repens. An article by J R Hudson 
deals with the humulones, lupulones and other consti- 
tuents of hops § Shibata gives a comprehensive account 
of lichen substances, illustrated by 6 photomicrographs 
of crystals of hechen acids R Braun contributes an 
account of the toxins produced in plants by pathogen:c 
micro-organisms, and J Tobigke deals with phytoagglu- 
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tmms F Zilhken and R Lambert describe the isolation 
and analysis of bacterial cell walls 

In the section dealmg with enzymology, there are 
articles by W. Hemen on the detection of enzymatic 
activity and on the general characterization of an enzyme, 
by W. Hemen and H F Lmskens on the Thunberg tech- 
mque, by B D Sanwal on general methods of preparation 
and on enzymatic assays of amino-acids and keto-acids, by 
H G Boman and W Bjork on general aspects of enzym- 
atic purification and characterization, by H G Boman on 
the purification of enzymes, by F Bendall on the hibition 
and activation of enzymes, by G Pfleiderer on the enzy- 
matic determination of metabolites, and by E Hofmann 
on the analysis of enzymes in soil Individual groups of 
enzymes are dealt with ın the next volume, No 7 in the 
series 

As in the previous volume, certain articles will be of 
special interest to many plant physiologists In his 
account of kinetin and kinetin-lke compounds, C O 
Miller discusses the merits of the various bio-assay systems 
available An article by R Knapp on gibberellins m- 
cludes accounts of their chemical properties, of their 
occurrence in plants and of the chemical, physico- chemical, 
and biological methods available for their detection 

There ıs little need to stress the great value of this 
volume, and indeed of the entire series, to those con- 
cerned with almost any aspect of plant analysis All 
the favourable comments made in the earher review of 
Volume 5, about the printing and general production 
of the book, apply equally to the present volume 

A AZLLSOPP 


POLYCHAETE PHYSIOLOGY 


Annelids 
By R. Philips Dales Pp 200 (London Hutchinson 
and Co (Publishers), Ltd, 1963) 15s 


Toa book does not live up to the expectations of 1ts 
title which could, with minor deletions, have been, 
more appropriately, “Aspects of the Physiology of 
Polychaetes”’ 

Following a comprehensive introduction there are mne 
chapters, the first treatmg the general organization of 
the body with a proper emphasis on segmentation, 
and on the origm and fate of the ccelom and mesodermal 
tissues Thereafter there follow seven chapters, which, 
though sufficient ın their coverage of polychaete physiology 
and reproduction and development, pay but lp-service 
to the existence of any other group of Annelida or other 
branches of zoology 

If Chapter 3 on the evolution of polychaetes 1s armed 
at the student population 1t can have but scant appeal 
If students can make their way through the maze of farmly 
group names they will deplore the absence of substantiated 
fact What is the point of telling them that the goniadids, 
the Sphaerodoridae and Pisionidae are derivatives of 
Nephthydidae and Glyceridae without, at least, extensive 
morphological comparisons, with the aid of diagrams, mn 
view of the total lack of supporting embryological and 
paleontological evidence? This type of ill-considered 
assertion 1s repeated throughout this chapter Indeed, 
if a chapter on the evolution of Polychaeta 1s necessary— 
which I doubt—it 1s meoirect to say, “there are no fossils 
worth mentioning’ Very large populations of polychaete 
jaws are known from the Ordovician and the great variety 
of the polychaete fauna of the Cambrian Burgess shales, 
and the information on the past history of the group these 
provide should have been mentioned 

Chapter 9 deals with the origm and classification of 
the oligochaetes and leeches Presumably this ıs to make 
up for having given them comparatively little attention 
previously Students should note that the body of a 
leech 18 made up of 34 segments, 7 of which contribute to 
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the ventral anal sucker, not 33 and 6 as on p 181. Refer- 
ence 18 made in this chapter to the excellent and compre- 
hensive text-book by K H Mann, Leeches (Pergamon 
Press, 1962), as a source for the identity of British leeches, 
and readers should know that this work in fact provides a 
key for the identification of genera of marme leeches 
throughout the world and species of fresh-water leeches 
from central Europe, Britam and North America 

A surprising omission 1s that no chapters have been 
included. on distribution, either ecological or zoogeographi- 
cal Much recent and comprehensive work on marine 
pollution, encrustation, and zonation together with 
extensive soul and forest-fauna surveys have thus been 
overlooked, which would have been welcomed by student 
and research worker alike. 

Yet, perhaps, the major omission 1s that the important 
chromosome studies by Omodeo and Muldal on lumbrieid 
earthworms have been reduced to a nebulous sentence 
of some nmeteen words (p 179) and their respective 
works not even mcluded m the bibliography Finally, 
the one other place where reference to chromosomes 
appears (p 182) refers briefly to the leech work by 
Wendrowsky, which 1s also omitted from the bibliography 

N. TEBBLE 


AN OUTLINE OF HISTOCHEMISTRY 


Histochemistry 

Theory, Practice and Bibhography By Tibor Barka and 
Paul J Anderson Pp x+660 (New York and London 
Hoeber Medical Division, Harper and Row, Publishers, 
Inc, 1963) 1850 dollars 


HE authors have set out to provide a general outline 
of histochemistry, a concise practical and theoretical 
guide to histochemical methods, and a detailed bibho- 
graphy of methods and their applications The bibho- 
graphy 1s fairly extensive, consistmg of almost 5,000 
references, and m fact forms more than one-third of the 
whole book With the rapid growth of the subject this 
cannot fail to be of great value to workers m the field of 
histochemistry 
In the early part of the book the general techniques for 
preparation of tissue are surveyed, and cryostat, freeze- 
drying, and freeze-substitution methods are described 
In the case of the cryostat ıt ıs stated that ‘“‘serious 
morphological alterations are always encountered” (p 7) 
In spite of this, in the section devoted to demonstration of 
succime dehydrogenase, an enzyme confined to muto- 
chondria, 1t 1s stated that ‘cryostat sections of fresh tissue 
are necessary for the histochemical reaction’? Moreover, 
1t 1s known that cryostat sections can be regularly pre- 
pared m which neither mitochondria nor lysosomes show 
evidence of morphological damage (Bitensky, L, 
Brit J Cancer, 14, 696 (1960), Ciba Found Symp on 
Lysosomes, 362, Churchill, London, 1963) The authors 
realize that m histochemistry a critical attitude 1s neces- 
sary, but no mdication of the particular standards is given 
In discussing the methods for hydrolytic enzymes, ıb 18 
surprising that only passmg reference ıs made to the 
work of De Duve, that 1t only relates to acid phosphatase, 
and fails to mention the importance of the lysosome with 
reference to all acid hydrolases On p 205 a list of 
factors which may interfere with the demonstration of a 
particular enzyme 1s given Yet, on p 238 in the section 
dealng with acid phosphatase, techniques are recom- 
mended that result in at least 50 or 60 per cent inactiva- 
tion of the enzyme If strict criteria are to be observed, 
then such methods should surely be regarded as useless 
Again, on p 238 1b ıs stated that “thew demonstration 
(ie, acid phosphatases) m cryostat sections 18 unrealistic, 
even if hypertonic or ‘osmotically protected’ meubating 
solutions are employed” Other workers have found that 
locahzation of acid phosphatase can be constantly demon- 
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strated withm the lysosomes m cryostat sections of 
normal tissues which have been suitably treated 

In a work of this kind, whichis presumably mtended to 
encourage workers in histochemistry, 1t 1s disappomting 
to find that the authors regard the subject m such a narrow 
fashion It would appear that their mihal approach 1s 
purely morphological, and that 1s certamly no disadvan- 
tage When ıb 1s stated that “deriving rts theoretical 
foundations from chemistry, histochemistry remains a 
morphological tool”? (p 342) one feels that the extensive 
possibilities of the subject remam unexplored by the 
euthois This 1s decidedly surprismg for much attention 
has been directed to the demonstration of enzymes which 
are essentially dynamic m nature Agam on p 342 
they say that “finite measurement ıs not the mmediate 
goal of microscopic histochemistry”? The large number 
of biochemical comparisons made m recent years between 
normal and abnormal tissues have served to emphasize 
that while quahtative differences do exist they are greatly 
outnumbered by quantitative vanations It ıs hard to 
see how these differences can be identified 1f quantitative 
histochemistry is not developed Biochemistry has done 
much to advance our knowledge of the cell, but a precise 
localization of chemical components can be acheved 
only by histochemical methods Whether the method 
of study be the demonstration of carbohydrates, lipids, 
protems, or enzymes, or the rate of uptake of labelled 
metabolites, the arm 1s the same, namely, to piece together 
our information on the metabolism of the cell At the 
present time it 1s too much to hope that one discipline 
will provide the answer to any one problem, but it 1s quite 
certain that histochemustry in 1ts future and fuller develop- 
ment will play a vital part in the understanding of cellular 
physiology and pathology. It would indeed be sad 
if ıt merely demonstrated a number of new structures, 
the function of which could not be determmed 

GEORGE J CUNNINGHAM 


VIRUSES 


Advances ın Virus Research 

Vol.9 Edited by Kenneth M. Smith and Max A Lauffer 
Pp vm+312 (New York and London Academic 
Press Ine., Publishers, 1962) 92s. 


NE-THIRD of this number of Advances n Vuus 
Research ıs occupied by an article by St Groth 
called “Theo Neutralization of Viruses” The articlo 18 m 
fact more limited than this for ıt deals almost exclusively 
with the influenza viruses This makes ıt rather specialized, 
but ıt 1s written, m a lively and colourful manner so that 
the reader is carried along m the stream im spite of pos- 
sible disagreement with many of the obiter dicta The 
influenza viruses are an admirable vehicle for carrymg 
the general argument for they have an unusual number 
of measurable activities—infectivity ım several hosts, 
toxicity, an enzymic activity, and hemageglutmation—all 
of which are mhibited by suitable antibodies St Groth 
discusses the peculiarities and limitations of each type of 
measurement, the effects on them of virus and antibody 
heterogeneity, and, when possible, the mechanism of the 
action Wisely, each section is followed by a summary 
so that the reader unfamilar with work of this type can 
keep track of what he has been told 
The scope of the article by Porterfield on the arthropod- 
borne viruses, that 1s the vuuses that can multiply m both 
mammahan and arthropod hosts as distinct from those 
that are transmitted mechanically by arthropod hosts 1s 
somewhat simular The article is factual rather than 
interpretative, ıt shows the complexity of the antigenic 
structure of the viruses and the vamation m the hosta’ 
responses to them Non-specialists would have understood 
the article more fully if the editors had explamed the 
termmology, especially the system of units used It 
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ends with the comforting conclusion that there 1s no good 
evidence for the appearance of new viruses 1n this group 
though the antigenic components may regroup m suitable 
conditions 

The causative agents m a group of clinically rather 1l- 
defined mfections of the respiratory tract, and of some 
organs in the abdomen and elsewhere, in man and animals 
ale grouped together as the adenoviruses Hlectronmicro- 
grams of several members of the group show cosa- 
hedrons with rounded corners Brandon and McClean 
discuss both the structure of the virus particles and 
the reactions of the mfected host to them The story 
i fascinatingly complex with a cytopathic protein 
made by the infected host, at least thiee antigens that 
seem to be fragments of the mtact virus and, m long- 
established mfections, mtranuclear crystals that seem 
to be virus aggregates As the authors point out, this 
multiplicity of effects makes the group peculiarly suit- 
able for an investigation of the general nature of virus 
infection 

The article by Smith 1s more general m scope He 
gives a great deal of formation on what might be called 
the natural history of the arthropod viruses and shows 
that many of the old ideas about them are ill-founded 
They are by no means as host-specific as used to be thought, 
several can multiply in both msects and plants and cause 
pathological changes ın both hosts, and latency 1s so 
widespread as to render all claims for the chemical induc- 
tion of new virus infections suspect. The last phenome- 
non 18 particularly mteresting because an uncongenial 
environment, or even a change of diet, can make the 
latent virus patent ‘There seem to be no general differ- 
ences i morphology or chemical composition between 
arthropod vuuses and those of plants or mammals, 
but the arthropod host seems able to tolerate an unusually 
large amount of virus before ıt finally succumbs—the 
only analogies with this extensive replacement of host 
tissue by virus is found ın some of the infective mam- 
mahan warts, and in nitrogen-deficient plants 

Markham contributes a cheerful article on the nforma- 
tion that can be gamed about viruses by ultracentrifuga- 
tion He stresses that the mstrument is easy to use, the 
calculations easy to make, and that a great deal can be 
found out with even one run on unpurified material 
There 1s much shrewd and entertainmg comment here 
Those who were engaged m the early work on tobacco 
mosaic virus assumed that linear aggregation would have 
httle effect on sedimentation constant, they will therefore 
be surprised to learn that the fact that this 18 so 1s un- 
expected 

Ten years ago, few virus workers could tell a regular 
from a rhombic dodecahedron, but we are all Platonists 
nowadays and the icosahedron is our juju The signifi- 
cance of the regular solids (or the helix) 1s, however, widely 
misunderstood These stiuctures are likely to be common 
because they offer unusual opportunities for the formation 
of a stable shell Speaking anthropomorphically, for the 
sake of brevity, the two main problems confronting a 
virus are to find a system in @ host that can be deluded 
into synthesizmg virus, and to be stable enough to avoid 
the host’s scavenging systems We may therefore expect 
certain structures to appear often, as caffeine appears m at 
least 14 famıhes of plants and the benzene rmg (probably) 
in all organisms, though ıt serves many purposes and 1s 
made in many different ways That is a reaction to the 
final article, by Andrewes, on the classification of viruses 
We classify from a point of view and with an end in view 
At one pomt Andrewes agrees and says ‘taxonomy 18 an 
artificial business”, he seems nevertheless to be searching 
for a classification that will command the general agreo- 
mont that Limnean classification gets But satisfactory 
Linnean. classification summarizes the course of evolution, 
and there 1s no reason to assume that viruses, except 
within closely related groups, have undergone a similar 
process N W Prue 
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TECHNOLOGY AND ECONOMICS AND THEIR RELATION TO PUBLIC POLICY * 
By Tue Richt Hon LORD ROBBINS, C.B., F.B A 


Chairman of the Committee on Higher Education 


r: common with the Rector of the Imperial College of 
Science and Technology and mine other colleagues, I 
have already expressed my views on the subject of higher 
education and its futuref I therefore offer here a few 
reflexions on technology and economics m relation to 
public pohcy I shall deal first with technology per se, 
then with its relations with economics, then their joint 
status in regard to publie policy, and finally briefly with 
the uso of skills and knowledge they mvolve m the conduct 
of public business 

I do not need to spend time on the immense direct 
increase im our power to satisfy our various wants which 
13 due to technical progress One has only to travel 
m some backward area where the major operations of 
agriculture and construction are still done by hand or 
beast to realize how much we owe to the machine m this 
respect It is more interesting, I suggest, to contemplate 
the subtler influence on social structure and social relations 
which are due to technical change We have all heard of 
the social changes which have followed the discovery of 
methods of production bringing together large masses of 
workpeople m towns and in big factory installations 
The influence on contemporary polities of the introduction 
of television 18s a matter of common observation But I 
wonder how many people have reflected on the immense 
change m the social position of women which is due to 
the internal combustion engine—an invention which has 
equalized the power of the sexes to control the hghter 
types of vehicle and thus freed the physically weaker from 
dependence in this respect on husbands or coachmen 

Such mfluences are so continuous and so widespread 
that some have gone so far as to claim for them an almost 
exclusive status as ultimate historical explanation The 
history of tools 1s the history of mankind, 1t 18 sad. But 
although this may be a very healthy corrective to the 
histories which tend to explain all change m terms of the 
influence of kings or priests or politicians, 1t certainly goos 
too far, ın regard to both ‘detail and broad outlne Our 
tastes are not all conditioned by technical availabilities, 
it 18 a significant circumstance that the age of the electric 
razor should have witnessed a proliferation of beards 
The arts are not exclusively determined by present-day 
modes of production, m spite of certam museum labels of 
the Stalin era, the paintings of Cezanne are not “a charac- 
teristic product of the period of heavy industry” The 
broad structure of human society 1s certainly not only a 
by-product of mechanical convenience, the division of the 
Western World mto independent sovereign States and 
all the ups and downs which are the consequences thoreof 
are tragic examples of the fact that influences other than 
technology play their part ın human destiny It ıs true 
that the growth of States was aided by the mvention of 
gunpowder, and ıt may be that the mvention of the 
hydrogen bomb will eventually induce their consolidation, 
but if this happens—and the outcome 1s by no means 
certain—a great deal will have occurred in between which, 
m any sane view, cannot be mterpreted m terms of 
technological mfluences 

But whether or not technology has determmed the 
course of history m the past, ıt 1s sometimes said that ıb 
ought to determme ıt m tha future I do not think the 
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technologists have often made this claim they are usually 
much better balanced personalities than those who 
romanticize them But the idea of a world planned and 
run by technologists has swum before the eyes of many 
social visionaries, from St. Simon onwards One of the 
most forceful expressions of this occurs m Thorstem 
Veblen’s Zhe Engineers and the Price System, where, 
speaking of the modern mdustnal system, he asserts 

“It 1s a mechanically organized structure of technical 
processes designed, installed and conducted by production 
engineers Without them and their constant attention 
the industrial equipment, the mechanical apphances of 
industry, will foot up to jast so much junk The materal 
welfare of the community 1s unreservedly bound up with 
the due working of this mdustrial system and therefore 
with 1ts unreserved control by the engmeers, who alone are 
competent to manage it” |my italics] 

I am quite sure that this 1s a mistake As I shall be 
arguing later, I am very much m favour of the mereased 
employment of technologists in high places But i will 
not be ther knowledge as technologists which will determ- 
ine the ultimate decisions For the ultimate decisions 
involve problems which technology as such 1s quite 
unable to solve 

Consider for a moment @ very simple example—the 
problem of housmg construction Let us assume for 
purposes of discussion that the supply of houses 1s on a 
publhe basis so that there are no complications arising 
from the relation between the State and private enter- 
prise, and let us assume further that the amount of house- 
room to be provided has already been decided There 
remains, therefore, the question what techniques to 
adopt, and at first sight this might appear to be entirely 
technological But this ıs not so The techniques of 
house construction run through an almost infinite range 
of possibilities, from those which provide mud huts to 
those which provide buildings of almost limutless 
durability, from the provision of bare utility to the 
last sophistications of opulence Now, clearly, if no 
other considerations were involved, we should opt for 
maximum durability and maximum amenity, and, 
esthetics apart, the mformation we needed would be 
technological But actually we are at once confronted 
with the hard fact that the different kinds of labour and 
materials mvolved are also mvolved m hundreds of 
alternative forms of production, in factory construction, 
in shrpbuilding, ın the production of tractors and weapons, 
to say nothing of road building and agriculture, and that, 
m conditions of reasonably full employment, there are 
not enough to satisfy all these domands to the pomt of 
satiety Hence, if the general production plan 1s to be 
rational, account must be taken of such other uses 
Just to grve complete priority to the production of housmg 
units of the maximum durability and convenience would 
not be sensible The choice of techniques m any one 
branch of prodrction must therefore depend on the general 
availability of resources and thew allocation between 
different alternatives Now there is no purely tech- 
nological caleulus which can solve the allocation problem 
There ıs no technological prme:ple which by itself can tell 
us how much steel or how much labour to allot to this 
branch of industry and that 

Jt 13 here that economics has a contribution to make 
—although, as I shall be argumg later on, 1t is only a 
contmbution, not a final solution For 1b 1s one of the 
specific tasks of the economists to study the distribution 
of resources which are m hmuited supply; and 1b 1s his 


622 


business, given appropriate mformation regarding the 
possible range of techniques on one hand, and the condi- 
tions of demand for possible products on the other, to 
devise criteria of appropriate allocation. Given informa- 
tion of this sort, he ought to be able to show what propor- 
tions of existing resources should be allocated to house 
building and consequently which of the various techniques 
available 1t would be most suitable to adopt I would not 
wish to be thought to be saying that he can do this, for 
a host of difficulties 1s concealed ın the assumption that 
the relevant mformation 1s available But such at least 
is the kind of problem and the kind of solution with which 
his preseriptions are concerned 

Now the last thing I should want to do would be to 
suggest that all that scientists and technologists do 18 to 
supply parameters for our equations On a long view of 
history, who can question that technologists have done 
far more for humanity than anythmg which economists 
have been. able to do up to date? If the technologists 
kke this way of putting thmgs better, they can simply 
pay that the other factors which the economic calculus 
has to take mto account are simply so many necessary 
constraints on ther perfection I certamly would not 
quarrel with that at all, ıt would be just another way of 
bringing out the pomt that I am trymg to make that the 
two kinds of consideration, though related, are not identi- 
cal and that technical optima are not necessarily economic 
optime. For the technical optimum im any lme of pro- 
duction 1s achieved when, given the existing state of 
knowledge, the construction 1s as efficient as can be 
conceived, regardless of cost But the economie optimum 
is essentially related to cost—what you go without when 
you do one thing rather than another , 1t volves a balance 
of alternatives not technically related Hence, technical 
and economic optima can only comeide in a world m 
which there are no costs—that 1s to say, m a world m 
which the economic problem has ceased to exist This, 
to put ıt mildly, 1s some way ahead 

But economics too has its lymuts As we have seen, if it 
1s told what people want and in what quantities at different 
prices, 1t can combine this information, with the nforma- 
tion ıt gets from the various technologists, so as to depict 
the most economical use of the available resources But 
16 does not tell us why people want things, or whether 
they ought todo so Think for a moment of the problem 
of steel allocation Some of the steel will be wanted for 
goods which eventually find their way to the market, and 
if we are content with the results in that sector of the 
economy of allowmg people to spend their money accord- 
mg to their fancy, then market demands can be taken as 
ultimate data But some steel will doubtless be wanted 
for the production of weapons and warlike stores and some 
for the construction of schools and hospitals, and in such 
cases there 1s no market ın the final sense, and the decision 
what to produce and how much ıs essentially one which 1s 
a matter of political judgment 

In the case of defence, this 1s obvious But ıt is no less 
true with education and health Attempts may be made 
to measure the commercial return on teachmg and hospital 
treatment and, ın thew way, they have their uses But, 
if taken too seriously, they tend to ignore social conse- 
quences which are not at all susceptible of such measure- 
ment, yet which in the long run are even more important 
Even in the market sector, the decision to leave things 
to the play of mdividual and group demand ıs also 
in essence political It mvolves both an impheit accept- 
ance of the existing distribution of power to spend and 
an acceptance of the view that in this sphere the mdi- 
viduals concerned are the best judges of what 1s good for 
them I do not say that this 1s wrong On the whole, 
where private goods are concerned, I personally prefer 
markets to regulation and where the distribution of 
wealth is held to be unswtable, I prefer taxes and subsidies 
to rationing All that I am trymg to drive home 1s that, 
even here, economics 1s open-ended and by itself furnishes 
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no final guide to pohey Equally with technology, although 
on a different plane, ıt 1s mstrumental rather than ultimate 

Tf this 1s true, 1t follows that there are no easy solutions. 
Neither technology nor economics can provide the answers 
to the ultimate questions Where are we gomg? What do 
we want to do ? In so far as these can be answered m 
goneral terms, we must still depend on moral and political 
philosophy and on the vision of inspired thinkers In so 
far as day-to-day business 1s concerned, we are still at the 
mercy of what Adam Smuth described as that “insidious 
and crafty animal, vulgarly called a statesman or pohti- 
cian, whose counsels are directed by the momentary 
fluctuations of affairs’ They may be a somewhat dis- 
illusioning conclusion, yet it 1s difficult to see how ıt 
can be avoided In the last analysis decisions regarding 
human destiny rest on volitions and valuations which do 
not he within the compass of either of our respective 
techniques 

But at this pomt ıt 1s important that I should avoid 
misapprehension on the part of readers The fact that 
neither technology nor economics ın themselves can 
afford ultimate guidance concerning social choice and social 
action does not m the least mean that m commg to 
decisions of this sort the mformation they do provide 
can bo sensibly neglected The poltical philosopher 
who speculates on what shapes and contents of the 
desirable society is hkely to waste a good deal of time unless 
he takes account of what shapes and contents of societies 
are possible—as we can see from the intellectual wreckage 
of many philosophical Utopias and the pure futility of 
much of the exhortation which we have to endure from 
such quarters Moreover, the insidious and crafty anımal 
seeking to control “the momentary fluctuations of affars” is 
also hkely to land himself m all sorts of difficulties 1f he 
does not pay at least some heed to the technological and 
economic limitations of alternative stratagems 

Indeed, in a complex society such as ours, resting on 
advanced technology and mvolving the most mtricate 
and far-reaching economic relationships, the statesman 
who would seek to make fundamental decisions without 
some knowledge and advice of this sort 18 about as likely 
to succeed as a would-be artist who would take 1t on 
himself to carry out some vast decoration without a 
knowledge of the properties of pigments or the elements 
of perspective and drawing. He may succeed as some 
artists so deficient have succeeded But the success 1s 
mevitably in the nature of a fluke and carries with rb no 
guarantee of contmuity Or, if I may vary my simile, he 
is hke a would-be pilot of a modern aircraft who attempts 
to fly without knowledge of the capacity of his craft or 
appropriate navigational aids It ıs true that neither 
aeronautical engmeering nor navigational mstruments 
wil solve the ultimate questions where he wants to go 
But, given his ultimate goal, he will be lucky mdeed if 
he gets there without instrumental knowledge 

It ıs, therefore, a matter of considerable concern to all 
of us to see that the conduct of those who rule over us 1s 
sufficiently mformed by technological and economic 
knowledge As I seo things, there is a two-fold problem 
here There is the problem of ensurmg that there 1s 
available ın the machinery of Government a sufficiency 
of expert knowledge of this sort, and there 1s the further 
problem of seeing that the conduct of Government as such 
18 sufficiently informed by an awareness of the importance 
of such knowledge and its relevance to ultimate decisions 
so that ıt ıs called mto operation ın the appropriate 
context 

At the present day the first of these problems does not 
seem any longer to present imsurmountable difficulties 
Doubtless, there are all sorts of questions of detail which 
still await solution, and I should be the last to say that 
our provision in this respect xs adequate—it 1s still de- 
ficient m both fields But the need for technological 
and economic advice as such seems to me to be fairly 
generally acknowledged, and we must not complam too 
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much of a certain time-lag m meeting 1t, though we should 
all do our best in our respective ways to help to abbreviate 
it We must be careful, too, m makmg publ criticisms, 
that we get our facts right. It 1s a sad comment on the 
quahty of pubhe discussion of these matters that, at 
a time when various publicists are denounemg the poverty 
m this respect of the puble service m general and the 
Treasury in particular, more than half the top admini- 
strators in the Treasury have degrees or similar qualifica- 
tions as economists 

It 1s the second problem which worries me more the 
problem how to bring 1t about that the genera] conduct 
of public affairs and the state of mind of those who rule 
over us 18 sufficiently mformed of the relevance of tech- 
nology and economics and the powerful assistance they 
can give I think this problem ıs very important If the 
quahty of actual discussion m this respect 1s compared to 
what ıt might be, ıt 1s all too pamfully obvious what a 
long way there ıs to go But I do not see any simple 
answer As I have tmed to show earher, I do not thnk 
we shall get anywhere by pitching our claims too high— 
by contending that either technology or economics holds 
the key to human destiny For that would be false, and 
to rely on that kind of argument would simply provide 
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yet another pretext to the Philistines for not takmg us 
at our true worth In the long run I should hope muth 
from the presence m non-specialized jobs m the pubhe 
service and busmess of more persons with a technological 
or economic educational background; the moral value of 
that sort of trammg with rts objectivity and its humibty 
vis-a-vis the ultimate problems of the universe 1s still often 
insufficiently appreciated I think also that much can be 
done by patient participation by technologists and 
economusts m the public discussion of questions to which 
ther expert knowledge is germane The busmess of 
politics 1s much too serious nowadays to be left to the 
politicians I hope too that, as time goes on, teachmg 
m schools and universities will come to convey even to 
those who do not aspire to be experts m these fields some 
idea of their general relevance and the part they can play 
in human progioss 

But this brings me to the threshold of a subject which 
at the outset I deelared 15 my mtention to avoid I will 
conclude, therefore, by expressing my conviction that, 
m the creation of this broader understanding and this more 
enlightened outlook, the Imperial College of Science and 
Technology has a notable part to play, and my firm con- 
fidence that ıt will not fail to rise to the opportunity 
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N a recent book? I advanced a general proposition 
which may be summarized ın the followmg way 

(1) Anmals, especially ın the higher phyla, are variously 
adapted to control their own population denstties (2) 
The mechanisms mnvolved work homeostatically, adjusting 
the population density m relation to fluctuating levels of 
resources; where the limiting resource 18 food, as ıb most 
frequently is, the homeostatic system prevents the 
population from increasing to densities that would cause 
over-exploitation and the depletion of future yields. 
(3) The mechanisms depend in part on the substitution 
of conventional prizes, namely, the possession of territories, 
homes, hvmg space and similar real property, or of social 
status as the proximate objects of competition among the 
members of the group concerned, m place of the actual 
food itself (4) Any group of individuals engaged to- 
gether ın such conventional competition automatically 
constitutes a society, all social behaviour havimg sprung 
originally from this source 

In developmg the theme ıb goon became apparent that 
the greatest benefits of sociality arise from its capacity to 
override the advantage of the individual members m the 
interests of the survival of the group asa whole The kmd 
of adaptations which make this possible, as explained more 
fully here, belong to and characterize social groups as 
enitties, rather than ther members mdividually This 
in, turn seems to entail that natural selection has occurred 
between social groups as evolutionary units in their own 
right, favourmg the more efficient variants among social 
systems wherever they have appeared, and furthermg their 
progressive development and adaptation 

The general concept of mtergroup selection 1s not new 
It has been widely accepted m the field of evolutionary 
genetics, largely as a result of the classical analysis of 
Sewall Wright®-*. He has expressed the view that 
“selection between. the genetic systems of local populations 
of a species .. has been perhaps the greatest creative 
factor of all in makmg possible selection of genetic systems 
as wholes in place of mere selection according to the net 
offects of alleles” Intergroup selection has been mnvoked 
also to explam the special case of colonial evolution in the 
social insects®~’ 


In the context of the social group a difficulty appears, 
with selection, acting simultaneously at the two levels of 
the group and the mdrvidual It1is that the homeostatic 
control of population density frequently demands sacri- 
fices of the mdividual, and while population control 1s” 
essential to the long-term survival of the group, the 
sacrifices 1mpair fertilhty and survivorship m the mdvi- 
dual. One may legitimately ask how two kinds of selec- 
tion can act simultaneously when on fundamental issues 
they are working at cross purposes At first sight there 
seems to be no easy way of reconciling this clash of nter- 
ests, and to some people consequently the whole idea of 
intergroup selection 1s unacceptable 

Before attempting to resolve the problem 1t 1s necessary 
to fil ın some of the background and give ıb clearer 
definition. The survival of a local group or population 
naturally depends among other thmgs on the contmumg 
annual yield of its food resources. Typically, where the 
tissues of animals or plants are consumed as food, persistent 
excessive pressure of exploitation can rather quickly 
overtax the resource and reduce its productivity, with 
the result that yields are diminished ın subsequent years ' 
This effect can be seen ın the overfishmg of commercial 
fisheries which 1s occurring now m different parts of the 
world, and ın the overgrazing of pastoral land, which in 
dry climates can eventually turn good grassland mto 
desert Damage to the crop precedes the onset and 
spread of starvation in the explorting population, and may 
be further aggravated by ıt The general net effect of 
ove1-population 1s thus to duminish the carrying-capacity 
of the habitat 

In natural environments undisturbed by man this kind 
of degradation ıs rare and exceptional the normal 
evolutionary trend ıs in the other direction, towards 
building up and sustaming the productivity of the habitat 
at the highest attamable level Predatory animals do not 
m these conditions chronically depress their stocks of 
prey, nor do herbivores rmpair the regeneration of their 
food-plants Many'‘animals, especially among the larger 
vertebrates (including man), have themselves virtually no 
predators or parasites automatically capable of misposing 
of a population surplus if ıt arises 
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tive agencies that makes it valuable, 1f not m some cases 
mandatory, that animals should be adapted to regulate 
their own numbers By so domg, the population density 
can be balanced around the optimum level, at which the 
highest sustamable use 1s made of food resources 

Only an extraordmary circumstance could have con- 
cealed this elementary conclusion and prevented our 
takmg ıt immediately for granted Some eight or more 
thousand years ago, as neolithic man began to achieve 
new and greatly enhanced levels of production from the 
land through the agricultural revolution, the homeostatic 
conventions of his hunting ancestors, developed there as in 
other primates to keep population density m balance 
with carrying-capacity, were slowly and imperceptibly 
allowed to decay We can tell this from the centrally 
important place always occupied by fertility-lumiting and 
functionally sumilar conventions in the numerous stone- 
age cultures which persisted into modern times® Since 
these conventions disappeared nothing has been acquired 
m ther place growmg skuls ın resource development 
have, except momentarily, always outstripped the 
demands of a progressively mcreasmg population, there 
has consequently been no effective natural selection 
against a freely expanding economy. So far as the regula- 
tion of numbers 1s concerned, the human race provides a 
spectacular exception to the general rule 

A. secondary factor, tending to obscure the almost 
universal powers possessed by animals for controlling 
their numbers, 1s our everyday famulianty with msect and 
other pests which appear to undergo uncontrolled and 
sometimes violent fluctuations m abundance In fact, 
human land-use practices seldom leave natural processes 
alone for any length of tame vegetation 1s gathered, 
the ground 1s tilled, treated or wngated, single-species 
crops are planted and rotated, predators and competitors 
are destroyed, and the animals’ regulating mechanisms 
are thereby, understandably, often defeated In the 
comparably drastic environmental fluctuations of the 
polar and desert regions, similar population fluctuations 
occur without human imtervention 


The methods by which natural anımal populations curb ` 


ther own mease and promote the efficient exploitation 
of food resources melude the control of recrurtment and, 
when necessary, the expulsion and eimmation of unwanted 
surpluses The mdividual member has to be governed 
by the homeostatic system even when, as commonly 
happens, this means his exclusion from food m the midst 
of apparent plenty, or detention from reproduction when 
others are breeding The recruitment rate must be 
determined by the contemporary relation between popula- 
tion density and resources, under average conditions, 
therefore, only part of the potential fecundity of the group 
needs to be realized m a given year or generation 

This 18 a conclusion amply supported by the results 
of experiments on fecundity versus density in laboratory 
populations, m a wide variety of animals meluding 
Crustacea, insects, fish and mammals, and also by field 
data from natural populations’. But 1t conflicts with the 
assumption, still rather widely made, that under natural 
selection there can be no alternative to promoting the 
fecundity of the mdrvidual, provided this results in his 
leaving a larger contribution of surviving progeny to 
posterity® This assumption is the chief obstacle to accept- 
ing the principle of intergroup selection 

One of the most important premises of intergroup 
selection is that animal populations are typically self- 
perpetuating, tending to be strongly localized and per- 
sistent on the same ground This is illustrated by the 
widespread use of traditional breed:ng sites by birds, 
fishes and animals of many other kinds, and by the subse- 
quent return of the great majority of experimentally 
marked young to breed sn their natrve neighbourhood 
It 1s true of non-migratory species, for example the more 
primitive communities of man, and all the long-distance 
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two-way migrants that have so far been expermentally 
tagged, whether they are birds, bats, seals or salmon, 
have developed parallel and equally remarkable navigating 
powers that enable them to return precisely to the same 
pomt, and consequently preserve the mtegrity of thon 
particular local stock Isolation 1s normally not quite 
complete, however Provision 18 made for an element of 
pioneermg, and infiltration mto other areas; but the gene- 
flow that results ıs not commonly fast enough to prevent 
the population from accumulating heritable characteristics 
of its own. Partly genetic and partly traditional, these 
differentiate ıt from other simular groups 

Local groups are the smallest racial units capable of 
contmuous existence for long enough to undergo evolu- 
tionary differentiation In the course of generations some 
die out, others survive, and have the opportunity to 
spread into new or vacated ground as ıt becomes available, 
themselves subdividing as they grow In so far as the 
successful ones take over the habitat left vacant by the 
unsuccessful, the groups are in a relation of passive 
competition Ther survival or extmetion is partly a 
matter of chance, arising from various forms of force 
majeure, including secular changes ın the environment, 
for the rest ıt ıs determined, in general terms, by heritable 
qualities of fitness 

Gene-frequencies within the group may alter as time 
passes, through gene-flow. drift (the Sewall Wright effect), 
and selection at the individual level Through the latter, 
adaptations to local cond:tions may accumulate Popula- 
tion fitness, however, depends on something over and 
above the heritable basis that determmes the success as 
individuals of @ contimuing stream of independent mem- 
bers It becomes particularly clear in relation to popula- 
tion homeostasis that social groups have highly important 
adaptive characteristics in their own right 

When the balance of a self-regulating population 
is disturbed, for example by heavy accidental mortalty, 
or by a change ın food-resource yields, a restorative reac- 
tion 18 set in motion If the density has dropped below 
the optimum, the recruitment rate may be increased ın a 
variety of ways, most simply by drawing on the reserve 
of potential fecundity referred to earlier, and so raising 
the reproductive output Immigrants appearmg from 
surrounding areas can be allowed to remain as recruits 
also If the density has risen too high, aggression between. 
individuals may build up to the point of expelling the 
surplus as emigrants, the reproductive rate may drop, 
and mortality due to social stress (and in some species 
cannibalism) may rise These are typical examples of 
density-dependent homsostatie responses 

Seven years of investigation of the population ecology 
of the red grouse (Lagopus scoticus) near Aberdeen, by 
the Nature Conservancy Unit of Grouse and Moorland 
Ecology, have revealed many of these processes at work?° 
Their operation in ths case depends to a great extent on 
the fact that mdividual members of a grouse population 
living together on a moor, even of the same sex, are not 
equal in social status Some of the cock birds are suffe- 
ently dommant to establish themselves as territory owners, 
parcelling out the ground amo.«g them and holding sway 
over it, with a varymg intensity of possessiveness, almost 
the whole year round During February—June their mates 
enjoy the same established status 

In the early dawn of August and September mornings, 
after a short and almost complete recess, the shaps of a 
new territor:al pattern begins to be hammered out In 
most years this quickly identifies a large surplus of males, 
old and young. wh ch are not successful in securing any 
part of the ground and consequently assumo a socially 
inferior status They are grouped with the hens at this 
stage as unestabl shed b rds, and day by day thor security 
18 80 disturbed by the dawn aggressive stress that almost 
at once some begin to get forced out, never to return 
By about 8am each day the passion subs des ın all but 
the most refractory territorial cocks, after which the moor 


VoL, 200 


no 4007 November 16, 1963 


reverts to communal ground on which the whole popula- 
tion can feed freely for the rest of the day As autumn 
wears on and turns to winter, the daily period of aggression 
becomes fiercer and lasts longer; birds with no property 
rights have to feed at least part of the tıme on territorial 
ground defended by owners that may at any moment 
chase them off More and more are driven, out altogether; 
and since they can rarely find a safe nook to occupy 
elsewhere ın the neighbourhood, they become outcasts, 
and are easily picked up by hawks and foxes, or succumb 
to malnutrition Females are included among those 
expelled, but about February the remaining ones begin to 
establish marital attachments, and at the same time, quite 
suddenly, territories are vigorously defended all day 
Of the unestablished birds still present in late winter, some 
achieve promotion by filing the gaps caused by casualties 
in the establishment Some may persist occasionally 
until spring, but unless a cock holds a territory exceeding 
& minimum threshold capacity, or a hen becomes accepted 
by a territorially qualified mate, breeding 18 mhibited 

Territories are not all of uniform size, and on average 
the largest are held by the most dominating cocks More 
important still, the average territory size changes from year 
to year, thus varying the basie population density, appar- 
ently in direct response to changes m productivity of the 
staple food-plant, heather (Calluna vulgaris) As yet this 
productivity has been estimated only by subjective 
methods, but significant mutual correlations have been 
established between annual average values for body-weight 
of adults, adult survival, clutch-size, hatching success, 
survival of young, and, finally, breeding density the follow- 
ing year As would be expected with changing densities, 
the size of the autumn surplus, measured by the propor- 
tions of unestablished to established birds, also varies 
from year to year 

There are increasing grounds for concluding that this 18 
qute a typical organization, so far as birds are concerned, 
and that social stratification into established and unestab- 
lished members, particularly ın the breeding season, 18 
common to many other species, and other classes of 
animals In different circumstances the social hierarchy 
may take the form of a more or less linear series or peck- 
order. Hherarchies commonly play a leadmg part m 
regulating animal populations, not only can they be made 
to cut off any required proportion of the population from 
breeding, but also they have exactly the same effect m 
respect of food when ıt 1s ın short supply. According to 
circumstances, the surplus tail of the Iherarchy may 
either be disposed of or retamed as a non-participating 
reserve 1f resources permit 

It 18 not necessary here to explore in detail the elaborate 
patterns of behaviour by which the social hierarchy takes 
effect The processes are infinitely varied and complex, 
though the results are simple and functionally always the 
same. The hierarchy 1s essentially an overflow mechan- 
13m, contmuously variable in terms of population pressure 
on one hand, and habitat capacity on the other In 
operation ıt ıs purely conventional, prescribing a code of 
behaviour When a more dominant individual exerts 
sufficient aggressive pressure, usually expressed as threat 
although frequently ım some more subtle and sophisticated 
form, his subordmates vield, charactenstically without 
phvs:eal resistance or even demur It may cost them their 
«ole chance of reproduction to do so, 1f not their lives 
The survival of the group depends ón their compliance 

This has been taken as an example to illustrate one type 
of adaptation possessed by the group, transcending the 
individuality of its members It subordinates the 
advantage of particular members to the advantage of the 
group, its survival value to the latter is clearly very 
great The hierarchy as a system of behaviour has m- 
numerable vanants in different species and different phyla, 
analogous to those of a somatic unit like the nervous or 
vascular system Like them, 1t must have been subject to 
adaptive evolutionary change through natural selection, 
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yet ıb is essentially an ‘organ’ of a social group, and has 
no existence if the members are segregated. 

A simple analogy may possibly help to bring out the 
significance of this point <A football team ıs made up of 
players individually selected for such qualities as skull, 
quickness and stamina, material to their success as 
members of the team The survival of the team to win 
the championship, however, is determined by enturely 
distinct criteria, namely, the tactics and ability it displays 
in competition with other teams, under a particular code 
of conventions laid down for the game There 1s no 
difficulty in distinguishing two levels of selection here, 
although the analogy 1s otherwise very imperfect 

The hierarchy ıs not the only characteristic of this kind. 
There are genetic mechanisms, such as those that govern 
the optimum balance between recombination and hnkage, 
in. which the benefit 1s equally clearly with the group rather 
than the individual Without leaving the sphere of 
population regulation, however, we can find a wide range 
of vital parameters, the optima of which must similarly be 
determined by intergroup selection Among those dis- 
cussed at length in the book already cited! are (1) the 
potential life-span of individuals and, coupled with it, 
the generation turnover rate, (2) the relative proportions 
of hfe spent in juvenile or non-sexual condition (meluding 
diapause) and i reproduction, (3) monotely (breedmg 
only for a single season) versus polytely, (4) the basal 
fecundity-level, mcluding, in any one season, the question 
of one brood versus more than one 

These and similar parameters, differing from one species or 
class to another areinterconnected Their combined effects 
are being summed over the whole population at any one 
time, and over many generations in any given area It 1s 
the scale of the operation in time and space that precludes 
an immediate experimental test of group selection An 
inference that may justifiably be drawn, however, 18 
that maladjustment sufficient to imterfere persistently 
with the homeostatic mechanism must either cause a 
progressive decline in the population or, alternatively, a 
chronic over-exploitation and depletion of food resources: 
in the end either will depopulate the locality 

There still remains the central question as to how an 
immediate advantage to the individual can be suppressed 
or overr dden when it conflicts with the interests of the 
group What would be the effect of selection, for example, 
on individuals the abnormal and socially undesirable 
fertihty of which enabled them and thei hereditary 
successors to contribute an ever-increasing share to future 
generations? 

Initially, groups contaming individuals like this that 
reproduced, too fast, so that the overall recruitment rate 
persistently tended to exceed the death-rate, must have 
repeatedly extermmated themselves in the manner just 
indicated, by overtaxing and progressively destioymg 
their food resources Tho earliest adaptations capable of 
protecting the group against such recurrent disasters must 
necessarily have been very ancient; they may even have 
been acquired only once in the whole of animal phylogeny, 
and in this respect be comparable with such basic morpho- 
logical elements as the mesoderm, or, perhaps, the 
celom Once acquired, the protective adaptations could 
be endlessly varied and elaborated It ıs inherently 
difficult to reconstruct the origin of systems of this kind, 
but genetic mechanisms exist which could give individual 
breeding success a low heritabilty, or, m other words, 
make ıt resistant to selection This could be relatively 
simply achieved, for example, 1f the greatest success norm- 
ally attached to heterozygotes for the alleles concerned, 
creating the stable situation characteristic of genetic 
homeostasis? 

A. more complex system can be discerned, as it has 
developed in many of the higher vertebrates where the 
breeding success of individuals 1s very closely connected 
with social status This connexion must necessarily divert 
an enormous additional force of selection into promoting 
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social dominance, and penalizing the less fortunate sub- 
ordinates in the population that are prevented from 
breeding or feeding, or get squeezed out of the habitat. 
Yet it 1s self-evident that the conventional codes under 
which social competition is conducted are in practice not 
jeopardized from this cause selection pressure, however 
great, does not succeed in promoting a general recourse to 
deadly combat or treachery between rivals, nor does ıb, 
im the course of generations, extinguish the patient com- 
pliance of subordinates with their lot 

The reason appears to be that social status depends on 
a summation of diverse traits, mcluding virtually all the 
hereditary and environmental factors that predicate 
health, vigour and survivorship in the individual. While 
this ıs favourable to the maimtenance of a high-grade 
breeding stock, and can result in the enhancement through 
selection of the weapons and conventional adornments 
by which social dommance ıs secured, dominance itself 1s 
again characterized by a low heritability, as experiments 
have shown In many birds and mammals, moreover, 
individual status, quite apart from its genetic basis, 
advances progressively with the individual’sage Not only 
are the factors that determme social and breeding success 
numerous and involved, therefore, but the ingredients can 
vary from one successful individual to the next A sub- 
stantial part of the gene pool of the population 1s likely to 
be involved and selection for social dominance or fertility 
at the individual level correspondingly dissipated and in- 
effective, except in elimmating the sub-standard fringe 

Such methods as these which protect group adaptations, 
including both population parameters and social struc- 
tures, from short-term changes, seem capable of preventing 
the rise of any hereditary tendency towards anti-social 
self-interest among the members of a social group Com- 
pliance with the social code can be made obligatory and 
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automatic, and ıt probably 1s so in almost all animals 
that possess social homeostatic systems at all In at least 
some of the mammals, on the contrary, the mdividual has 
been released from’ this rigid compulsion, probably 
because a certain amount of mtelligent mdividual enter- 
prise has proved advantageous to the group In man, 
as we know, comphance with the social code 1s by no 
means automatic, and ıs remforced by conscience and the 
law, both of them relatively flexible adaptations. 

There appears therefore to be no great difficulty in 
resolving the initial problem as to how intergroup selec- 
tion can override the concurrent process of selection for 
individual advantage. Relatively sumple genetic mechan- 
isms can be evolved whereby the door is shut to one form 
of selection and open to the other, securing without conflict 
the maximum advantage from each, and since neighbour- 
ing populations differ, not only in genetic systems but in 
population parameters (for example, mean fecundity} 
and in social practices (for example, local differences in 
migratory behaviour in birds, or m tribal conventions 
among primitive men), there ıs no lack of variation on 
which intergroup selection can work. 
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LTHOUGH the relationship of natural environmental 
physical forces to human behaviour has always been 
# matter of general mterest and speculation, there has 
been a paucity of systematic investigations in this con- 
nexion among modern scientific workers Buettner!, ina 
critique of the literature bearing on correlations between 
biochmatological parameters and human health and 
behaviour, pointed to the general confusion in the field 
as well as to the very limited unequivocal findings con- 
sisting of the establishment of two ‘potentially harmful’ 
weather types The hterature in the field of geomagnetic 
parameters and human behaviour 1s more restricted im 
quantity and in significance of findings 
Possibly the most ambitious pertiment investigation 18 
that of Dull and Dull? In an analysis of approximately 
40,000 cases over a period of 60 months they demonstrated 
graphically a clearly observable relationship between the 
67 magnetic storms occurring during this time, and the 
medence of nervous and mental diseases and suicides 
Their results, however, were not subjected to statistical 
treatment Berg, reviewing the literature pertaining to 
the relationships between environmental geophysical 
parameters and the human population, concluded that 
firm evidence for or against such relationships 1s still 
lacking 
The relative mdifference of the behavioural scientists to 
this problem may possibly be due to the lack of that type 


of theoretical framework which could permit the mter- 
relationship of the two parameters to be derived as a 
logical consequence There has been, however, a growmg 
appreciation of, and body of empurical findings related to, 
one circumscribed aspect of the overall area, the biological 
effects of magnetic fields!-*, particularly with reference to 
infra-human organisms A parallel related concern has 
been the investigations mto the electrical organizations 
of the livmg organism Thus, in a review of recent work 
in the relationship between direct current electricity and 
living organisms’, 1t was suggested that the direct-current 
electrical system of the organism could be conceived as a 
control system which could be influenced by external force 
fields These considerations led to a pilot investigation® 
which examined the relationship between gross manifesta- 
tions of extreme human psychological d:sturbance and 
natural magnetic field intensity The psychiatre admuis- 
sions to two Syracuse, New York, hospitals were corre- 
lated with K-indox® sums as measured at the Fredericks- 
burg Magnetic Observatory, Virginia, for approximately a 
four-year period The statistically significant correlation 
ratios obtamed for non-hnear relationships, n, of 0 26 
and 0 27 suggested that at least soma relationship exists 
between the ne:dence of psychiatric disturbance and some 
geophysical parameter associated with the magnetic field 
The investigation reported here 1s an extension of the 
pilot work utilizing & larger sample of psychiatric hospital 


No 4907 November 16, 1963 


admissions and, as advised by Bartels”, a lmear measure 
of the magnetic field tensity, ak, the equivalent 3-h 
range, lather than the quasi-logarithmic scale of K- 
indices In addition, ap, the planetary counterpart to 
ak was used 

Daily adm ssions to seven central New York State 
psychiatric hospitals and to the Psychiatric Service of a 
Veterans Admuustration General Medical and Surgical 
Hospital during July 1, 1957-October 31, 1961, were 
obtained Transfers from other psychiatric mstitutions 
were excluded Total admissions meluded ın the data 
are 28,642 

For the same period of time K-indices, as determmed 
at the Fredericksburg Magnetic Observatory, were 
obtained from the Coast and Geodetic Survey, US 
Department of Commerce The K-index, as described by 
Bartels’, reflects the amplitude, a, of the most disturbed 
component of the magnetic field, measured every 3 h 
The values of a are customarily condensed, for convenience 
of reporting, mto a quasi-logarithmie scale for K, ranging 
from 0 to 9 In this work each 3-h K-index was recon- 
verted into the equivalent 3-h range, ak, by means of a 
table of Bartels!*, thus providing a linear measure The 
eight daily values of ak were then summed to arrive at a 
daily ak sum 

The planetary 3-h K-indices, Kp, as furnished by the 
US Department of Commerce, Bureau of Standards, 
Central Radio Propagation Laboratory, Boulder, Colorado, 
were also reconverted mto 3-h equivalent planetary 
amplitudes, ap, and then summed to obtain a daily ap 
sum. 

It was decided to examine 7-, 14-, 21+, 28- and 35-day 
time-periods to correlate with the corresponding periods of 
the geomagnetic parameters for the followmg reasons 
First, the time between onset of psychiatric disturbance 
necessitating hospitalization and actual admission varies 
with a host of uncontrollable factors, not the least of which 
are differing hospital admission procedures It is also 
impossible to specify a prior: the most meaningful duration 
and extent of geomagnetic event Secondly, inspection 
of the hospital admission data readily revealed one artefact 
among the many possible contributors to the number of 
uncontrolled variables ın the crude measure of this para- 
meter Every Sunday was marked by a striking drop in 
admissions, undoubtedly reflecting differmg admission 
policies and procedures The selection of the afore- 
mentioned time-periods thus provided a constant number 
of Sundays when all the possible 7-, 14-, 21-, 28- and 
35-day intervals were examined 

To obtain the 7-, 14-, 21-, 28- and 35-day values, 
the number of adm:ssions for every possible consec- 
utive 7-, 14-, 21-, 28- and 35-day period was summed 
and correlated with the geomagnetic parameter sums for 
the corresponding periods Thus 7-day periods yielded 
7 correlations obtained from using days 1 through 7, 
8 through 14, 15 through 21, etc , for the first correlation, 
then days 2-8, 9-15, 16-22, ete , for the second correlation, 
and continuing on in similar fashion to the seventh 
correlation which used days 7—13, 14-20, 21-27, ete 
This provided 3 correlations with 226 pairs of comparisons 
(N), and 4 with 225 pairs The other time-periods were 
treated similarly, thus giving 3 correlations with N’s 
of 113 and 11 correlations with N’s of 112 for the 14-day 
periods, 10 correlations with N’s of 75 and 11 with N’s 
of 74 for the 21-day periods 17 correlations with N’s 
of 56 and 11 with N’s of 55 for 28-day periods, and 10 
correlations with N’s of 45 and 25 with N’s of 44 for the 
35-day periods 

In order to compare admissions to the greater intensities 
of geomagnetic disturbance, a listing of the prmerpal 
magnete storms from July 1, 1957, until] October 31, 
1961, :dentified by the Fredericksburg Magnetic Observa- 
tory. Virginia, was obtained from reports contained im the 
Journal of Geophysical Research and International Geo- 
physical Year Bulletins The number of days of storm 


NATURE 


627 


in the 7-, 14-, 21-, 28- and 35-day periods were then 
correlated with the hospital admissions for the correspond- 
ing time-periods 

The product moment correlation coefficients, r, derived 
from the comparison of total geomagnetic activity para- 
meters, as reflected in ak and ap, with hospital admissions 
are neglig.ble in magnitude regardless of time-period used. 
Table 1 presents the correlation coefficients obtamed from 
the comparison of the 7-, 14-, 21-, 28- and 35-day periods 
of hospital admissions with the number of days of magnetic 
storm for the corresponding periods of time The corre- 
lations between the number of days of magnetic storm 
and admissions for 7-day periods can be considered as 
neghgible The 14 correlation coefficients obtained by 
using the 14-day periods range from +0077 to +0 221, 
the latter figure being statistically significant (P < 0 05) 
The correlations of the 21-day periods range from +0 116 
to +0305 with 5 statistically significant (P < 0 05) 
coefficients The 28-day correlations range from +0 167 
to +0 332, and 13 are statistically significant (P < 0 05) 
The 35-day correlation coefficients range from a low of 
+0 222 to an unexpected high of + 0 345, and 11 are statis- 
tically significant (P < 0 05) 


Table 1 CORRELATIONS BETWEEN DAYS OF MAGNETIO StoRM AND PSY- 
OHIATRIO HOSPITAL ADMISSIONS 
Admussion 

periods No of 7’s Range Median r 

7-day 3(N = 226) + 4(N = 225) —0010-+0 122 +0 043 
14-day 8(N = 113) + 114 = 112) +0 077-+0 221 +0 117 
21-day IN = 75) + ILN = 74) +0 118-+06 305 +0 182 
28-day 17{N = 56) + 11(N = 55) +0 167-+0 332 +0 261 
35-day 10(N¥ = 45) + 250.V = 44) +0 222-+-0 345 +0 279 


The use of unscreened heterogeneous hospital admissions 
as a measure of alteration in human behaviour 1s admut- 
tedly crude The host of uncontrolled variables makes this 
ai best a gross approxumation to psychological disturbance 
in the human population at large If one becomes 
intrigued with etiological considerations there are then 
the further problems of the unknown. time-period between 
occurrence of geomagnetic event and its significant effect 
on the organism, and the specification of tho duration 
and extent of meaningful geomagnetic events Since the 
purpose of this work was simply to investigate whether 
any relationshtp could be found to exist between geo- 
magnetic parameters and human behaviour, 1t was hoped 
that some of the effects of the uncontrolled variables ın 
the behavioural parameter could be crudely minimized 
by randomization withm a large sample, and that the 
problem of unknown. time for effect of geomagnetic event 
could be attenuated in part by the use of 7-, 14-, 21-, 28-, 
and 35-day time-periods ‘The results indicate that statis- 
tically significant low to marked linear relationships exist 
between geomagnetic parameters and a gross measure of 
human disturbance These relationsh'ps are evident 
when the measure of the geomagnetic paramster 1s 
restricted to those periods of higher disturbance which 
can be categorized as magnetic storms The total range of 
of geomagnetic activity, as reflected ın planetary (ap) 
and more local (ak) natural magnetic field intensity para- 
meters, does not reveal any significant relationship with 
psychiatric hospital adm ssions 

The use of the five tims-periods provides no definitive 
information about the optimal time between geomagnetic 
event and onset of psychological disturbance or time to 
achieve hospital admission However, inasmuch as the 
magnitude of the maximum correlation tends to merease 
with the size of the time-period used 1b suggests in part, 
that the optimal tıme may be closer to thirty-five days 
than seven days In part, ıt probably also reflects the 
attenuation of transient artefacts inherent ın the hospital 
admission data È 

Although correlational investigations shed but little 
light on causal relationships, they nevertheless do provide 
a fertile field which can yield more significant testable 
hypotheses In view of the diversity of the two variables 
under investigation and the grossness of the measures, 
the present investigation offers correlations of a surprising 
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magnitude In general, the tentative conclusion of the plexity of psychopathology specifically, and perhaps 
pilot study can be reaffirmed a significant relationship generally in all human behaviour 

has been shown between psychiatric disturbance as Buettner, K.J K, Fed Proc ,16, 631 (1957) 

reflected in hospital admissions and natural magnetic field *Dull,T,and Dull, B , Deutsch med Wschr , 61, 95 (1935) 

intensity In any interpretation of this relationship ıt ` Berg, H , Arch Phys Ther , 6, 216 (1954) 

should be cautioned that ıt 1s beyond the scope of this : Pao D , Pappajohn, K , and Plavnieks,I M , Fed Proc ,21,5, Part 2 
investigation to determine whether the more meaningful s Becker, R O , Med Electron Bwl Eng ,1, 293 (1963) 

geophysical parameter ıs magnetic field intensity per se, "Becker, R O, NY State J Med , 63, 2215 (1963) 


or some other geophysical parameter intimately associated 7 be os Ay e k Bachman, © H ,and Friedman, H , N Y State J Med , 62, 
withit Speculatıvely, the results are in keepmg with the , Becker, R O , Bachman, © H , and Friedman, H , paper read at Intern. 


conception of the behaviour of an organism being signific- Cont, High Magnetic Fields, Mass Inst Tech , Cambridge, Mass (Nov. 
= t 

antly influenced, through the direct-current con rol * For a complete deseription of the technique of scaling K-mdices see ref 11. 

system, by external force fields Attention ıs thus 1 Bartels, J, Annals Intern Geophys Year, 4, 227 (1957) 

mvited to a hitherto neglected dimension m the com- u Bartels, J , Annals Intern Geophys Year, 4, 215 (1957) 


SATELLITE GRAVITY MEASUREMENTS AND CONVECTION IN THE MANTLE 
By Pror S K. RUNCORN 


Physics Department, University of Newcastle upon Tyne, and Jet Propulsion Laboratory, California Institute of Technology 


HE discovery of non-axal and odd axial harmome represent the distribution of the oceans and continents 

terms in the Earth’s gravitational field from surface with those of the gravity observations and found that no 
gravity observations! and, more recently, from the orbits correlation exists, so that a strong argument against 
of satellites’, has been widely mterpreted as showmg that convection seemed to have been found (Jeffreys: had 
the Earth’s mantle possesses a finite strength and that in shown, on any reasonable isostatic hypothesis, that the 
consequence the occurrence of convection currents m the gravitational attraction of the continental masses would 
mantle 1s excluded The argument 1s that if the mantle be annulled by the deficiencies of mass supporting them 
acts as a fluid over periods of millions of years and con- below to about a mulligal ) 
vection currents are occurring m 1t, the contments should Because of their wave-lengths, the sources of the low 
he over the descending currents Munk and MacDonald? harmonic gravity anomalies are reasonably located in the 
compared the coefficients of the spherical harmonies which deeper parts of the mantles These gravity anomalies 
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Fig 1 Dotted lmnes are the ocean rises’, thin lmes are contours of geoid surface! (im metres) (numbers given in centres of contour show 
positions and values of gravity highs and lows) 
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Fig 2 Horizontal flow distribution for a fifth degree sectorial harmonic convection current, Horizontal velocity components are proportional 
to lengths of arrows 


must arise from deep-seated mequalities of density in the 
mantle, which, 1f flow were to be ruled out because of 
the finite strength of the mantle, result from events in 
the remote past of the Earth For example, it has been 
recently suggested’ that they are the scars left in the 
Earth by the breaking away of the Moon This line of 
reasoning depends on a belief that the mterior of the 
Earth can retain strains over 10° years Until I recently 
suggested an alternative explanation®, there seemed to be 
incontrovertible support for this view from the case of 
the Moon, the differences in the moments of inertia of 
which are thirty times those to be expected if the Moon 
were m hydiostatic equilibrium This non-hydrostatic 
bulge towards the Earth of about 2 km 1s interpreted by 
Jeffreys! as a fossil tidal bulge, left from the period 
(10° years ago) when the Moon was much, closer to the 
Earth The internal stress difference required to support 
this bulge 1s 20 bars It does not seem to have been 
recognized by the proponents of these views that ther 
explanation of these departures from hydrostatic equi- 
librium in the interiors of the Moon and Earth (that 
the mantlos have finite strength over 10° years) invokes 
remarkable mechanical properties To cause the bulge on 
the Moon to subside completely, a stram of 10- would be 
required Ifthis has not occurred in 3 x 10° years, ıt means 
that the creep rate must have been less than 10-2 sec-! 
Thus what ıs demanded of the Earth and Moon are creep 
rates of less than 10-?* see-! under stresses of about 5 per 
cent of the breaking stress of rocks at ordinary tem- 
peratures Itis remarkable that our geophysical colleagues 
have not made widely known to engineers their techno- 
logical breakthrough ım discovering a material which, at 
elevated temperatures, has a creep rate only one millonth 
milhonth of those encountered ın the laboratory 

The explanation of the low degree harmonics of the 
Earth’s gravitational field and the bulge on the Moon 
may more plausibly be sought ın thermal convection’ ®, 


An order of magnitude argument establishes the reason- 
ableness of this solution for the Earth I? showed that 
if a value for the viscosity of the mantle 1s taken of 
1071 poise, and the velocities of the convection currents 
are inferred from the rates of displacement of the con- 
tinents the temperature differences between the rising 
and fallmg streams on the equipotential surfaces are of 
the order of 1/3° C. Taking a volume coefficient of 
expansion for the mantle of,3 x 10-5 per °C, the deficiency of 
mass per unit surface in the uprismg volume compared 
with the downgoing one 1s about 5x 108 g/cm? This gives 
a gravity anomaly of the order of 10-? cm/sec’, or 30 m 
in geoid height, which are the values given by Joffreys 
and those who have reduced the satelhte gravity observa- 
tions (see Fig 1) 

But, as already explained here, Munk and MacDonald’s 
negative correlation of the topography of the Earth with 
the satellite gravity anomalies has been a stumbling 
block Further, although convection has been used to 
explain the ocean ridges, the convection currents being 
supposed to rise under the ridges, ıt has not been clear 
what relationship the satellite gravity observations have 
to these essentially lnear features It ıs the purpose of 
this communication to point this out 

Convection currents in a sphere or spherical shell may 
best be described using spherical harmonic functions 
S,(8,9) when, 6 1s co-latitude and ọ ıs the longitude The 
northward and eastward horizontal velocity components 


a and, saan respectively As 
an example, Fig. 2 shows the horizontal velocity pattern 
for the fifth degree sectorial harmonic, which is thought to 
be promment ın the present flow m the mantle?! It will 
be seen that there are five lines of longitude from which 
flow diverges these would be lines along which tension 
would develop causing the formation of the central rifts 


in the rises, which have been found in the Atlantic and 


are proportional to 


eo 
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Carlsberg mdges. But, because of the fact that the diverg- 
ence of the velocity vector ıs zero, the components of 
flow along a ridge line cannot be zero all along the ridge 
This is clear fiom Fig 2, which shows that along the ridge 
m the southern hemisphero there 1s a southward component 
of flow parallel to the ridge and in the northern hemisphere 
a northward component Only on the equator at inter- 
vals of 36° of longitude does the horizontal flow completely 
varnish These are above the mam rismg and fallmg 
columns of fluid 

It 1s thus necessary to determine from the ocean bottom 
topography where theso points are before examining if 
they have any relation to the negative and positive 
gravity anomalies The ocean rise 1s therefore a line from 
which flow diverges but having, m general, a component 
of flow along ıt The positions of the rising columns are 
therefore to be located at the mtersection of two oceanic 
rises For at this pomt the foregoing condition for an 
ocean rise, that is, that the velocity perpendicular to it 
1g zero, results in zero horizontal velocity Fig 1 shows 
the distribution of the ocean rises after Menard® There 
are five clear cases where the ridges bifurcate or sharply 
change direction: (1) the imtersection of the Pacific 
Antarctic rise with the rise running northwards into New 
Zealand, (2) the branching of the mid-Indian Ocean rise, 
(3) the join of the north and south Atlantic rises, associated 
with the east-west fractures near the equator, (4) the 
jom of the East Pacific rise with the Pacific Antarctic 
rise, and (5) the northern extremity of the East Pacific 
rise in the Gulf of Cahforma, 

Izsak}® has recently published a map showing the 10-m 
contours of the satellite geoid heights These are ovals 
surrounding four points of maximum and five of mmimum 
gravity Fig 1 shows the nine positions of these maxima 
and minima, their magnitudes and the contours sur- 
rounding them It will be seen that a good correlation 
exists between the five pomts of minimum gravity and 
the five pomts of uprising currents determined from the 
topography As this satellite gravity map ıs based on 
only those harmonic terms up to and including the fourth 
degree and as the fifth ıs of equal importance with the 
third and fourth m the spherical harmonic expansion of 
the Farth’s topography, the correlation 18 as good as 16 18 
reasonable to expect Doubtless the inclusion of higher 
harmonic terms will move the points of maximum and 
minimum gravity to some extent 
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On ths view we would naturally associate the positive 
anomalies with the descending currents and therefore 
with zones of compression The two zones of positive 
anomaly in south Europe and the Andes agree with this 
expectation very well The elongated positive anomaly 
between the mid-Pacific and the East Indies" covers a 
region of strong compression discovered by Vening 
Meinesz and the Tonga trench The positive anomaly 
south of South Africa is of considerable interest, for 
httle ıs known of the topography of the ocean floor 
in this region and pomts the neod for mvestigation 
there 

It will at once be objected that the Tertiary mountain 
chains other than the Alps and Andes are not associated 
with positive anomalies However, we must recall that 
on the theory of contmental diift some continents have 
moved considerable distances in the past mullion years 
Paleomagnetic evidence suggests that both India and 
Australa have moved considerable distances northward 
in this time Both are now north of negative gravity 
anomahes and will still bo experiencing & further north- 
ward force which may explain the Himalayas Similarly, 
North America les between two regions of uprising 
currents which must be exerting compressive forces which 
may have a fundamental connexion with the Rocky 
Mountain orogenies 

I thank Dr H W Menard and Dr R W Girdler for 
many discussions on the significance of the ocean ridges and 
Dr J H Parry and Mrs B Gray for help with Fig 2 I 
was stimulated to think about the problem presented by 
the gravity data discussion durnga U § National Science 
Foundation conference on artificial satellites at the 
Virginia Polytechnic Institute, Blacksburg, Virginia, and 
with Dr R Kershner and his colleagues at the Apphed 
Physics Laboratory, Silver Springs, Maryland 
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OBITUARY 


Dr. WJ. Dowson 


WALTER JOHN Dowson, who was widely known for 
his research and teaching ın plant pathology died recently 
in. Cambridge at the age of seventy-six His career had 
been unusually full and varied Originally a Scholar of 
Christ’s College, Cambridge he obtained first-class honours 
in the Natural Sciences Tripos, and followed this by two 
years’ research in Germany Then in 1913 he went as 
Government mycologist to Kenya, where he 1s remem- 
bered for his work on control of the coffee leaf rust fungus, 
Hemileia vastairıx In 1920 he returned to Great Brntain 
as mycologist to the Royal Horticultural Society at 
Wisley, where he published work on a variety of diseases 
caused by fungi In 1928 he went abroad again, this time 
as Government plant pathologist ın Tasmania, where his 
buman quahties and professional ability combmed to 
make him a great success with the growers 

The year 1932 marked a significant divide in Dowson’s 
professional hfe, for the twenty years remammg until 
his official retirement, he was to be both a university 
teacher and a more specialized research worker in a field 
that he was to make peculiarly his own As a student at 


the Cambridge Botany School, he had early attracted the 
attention of Piof F T Books When, around 1932, a 
generous benefaction from the Rockefeller Foundation 
enabled a University Sub-Department of Mycology to be 
established within the Botany School, Brooks secured the 
appomtment of Dowson as a University lecturer and as 
his colleague in the new Sub-Department From that 
time until Biooks’s retirement from the chair of botany 
in 1948, the two of them were responsible for all the 
teaching and research in mycology bacteriology and 
plant pathology carried out in the Botany School, and 
both will long be remembered by thew former research 
students, now all over the world 

After consultation with Brooks on his return to Cam- 
bridge, Dowson decided to take up the investigation of 
plant diseases caused by bacteria—at that time a decidedly 
neglected branch of plant pathology This was a far- 
sighted decision, for the next twenty yoars and more, 
Dowson and his research students added greatly to our 
knowledge of these diseases He was not content to 
confine himself to bacterial-diseases ocenrrmg in Britain 
but extended his investigations to tropical plant patho- 
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gens, and carried on a voluminous correspondence with 
plant pathologists all over the world Third-year students 
at the Cambridge Botany School benefited by a facility 
not available elsewhere in Britain—a comprehensive 
course of lectures and practical work devoted to bacterial 
pathogens of crop plants Dowson’s book, Manual of 
Bacterval Plant Diseases, first published ın 1949, was the 
direct outcome of this course, as the most concise and 
readable text on this group of pathogens, it enjoyed a 
wide success In 1957 a second edition was published, 
this tume by the Cambridge University Press, under the 
title Plant Diseases due to Bacteria 

When. Brooks retired from the chair of botany ın 1948, 
Dowson. became the second director of the Sub-Depart- 
ment of Mycology, and continued as such until his own 
retirement in 1952 He did not retire from research, 
however, but continued active in laboratory work and in 
publication almost to the time of his death eleven years 
later He will be remembered not only for an mmpresstve 
contribution. to his own subject, but also as a man who 
was inspired by lasting enthusiasm for his work purely 


NATURE 


631 


for its own sake His scientific merit was recognized by 
the University of London through ıts award of the D Se 

degree; later, he also obtained the Se D.. of Cambridge 

He did not, perhaps, receive his full share of the material 
benefits and public recognition to which his scientific 
achievements had undoubtedly entitled hm For this, 
there could have been two reasons First Dowson only 
began his best woik after reaching the age of forty-five, 
and his international reputation came considerably later. 
Secondly. he was an extremely modest and even some- 
what diffident man , people who did not know hmm or his 
work well were somewhat surprised to be told that his 
system of classification for plant pathogenic bacteria 
had gained such ready acceptance What Dowson per- 
haps lost m his reluctance to thrust himself forward, he 
undoubtedly gained in human relationships A most 
kindly man, with an ever-ready and generous interest mn 
the affairs of other people, he never lost the common 
touch which had made him as popular with the apple- 
growers of Tasmania as with a generation of students at 
Cambridge S D GARRETT 


NEWS and VIEWS 


The 1963 Nobel Prize for Physics and Chemistry 


ONE-HALF of the 1963 Nobel Prize for Physics has been 
awarded jomtly to Prof Maria Goeppert-Mayor, profossor 
of physics in the University of California, and Prof 
J Hans D Jensen, professor of theoretical physics in the 
University of Heidelberg, the other half has been awarded 
to Prof Eugen P Wigner, professor of mathematical 
physics in Princeton University The Chemistry Prize 
has been awarded jointly to Prof Karl Ziegler, of the 
Institute for Carbon Research, Mullhem-Ruhr, and Prof 
Giulio Natta, of the Institute of Technology, Milan 


The Royal Society of London: Medal Awards 


THE following awards of medals have been made by the 
President and the Couneil of the Royal Socoty The 
Copley Medal, to Sir Paul Fildes, formerly director of 
chemical bacteriology at the Medical Research Council, 
for his pioncer contributions to bacteriology, The Davy 
Medal, to Dr E J Bowen, Aldrichian praelector m 
chemistry at the University~of Oxford, for his distin- 
guished work on the elucidation of photochemical reac- 
tions, and for his study of fluorescence and phosphores- 
cence in relation to the molecular processes concerned, 
The Hughes Medal, to Prof E C Williams, professor of 
electrical engmeering in the University of Manchester, for 
his distinguished work on early computers, The Lever- 
hulme Medal (which was founded in 1960 by the Trustees 
of the Leverhulme Trust Fund to mark the occasion of 
the tercentenary of the Royal Society), to Dr A J P 
Martin, director of the Abbotsbury Laboratories, Ltd, 
for Ins distinguished and fundamental discoveries in 
chromatography and its application 


Rutherford Memorial 


UNDER the terms of the scheme to commemorate the 
late Lord Rutherford of Nelson, the following appoimt- 
ments have been made Sux George Thomson, formerly 
Master of Corpus Christ: College, Cambridge, as Ruther- 
ford Memorial Lecturer, to locture m August 1964 m 
New Zealand Mr H S Tan, formerly of Imperial College 
of Science and Technology and later at the Post Office 
Research Station, Dollis Hill, to hold a Rutherford 
Scholarship for three years from September 1963, to carry 
out research im the department of physics, McGill 
University, in solid-state physics 


Research Professorship 


THE title of a Royal Society Research Professor has 
been given to Dame Honor Fell, Messel Research Fellow 
from 1931 until 1943 and Foulerton Research Follow since 
1943 Dame Honor Fell, who 1s director of the Strange- 
ways Research Laboratory, Cambridge, 1s well known for 
her work m the field of cell biology 


Visiting Professorship 


Dr A M. Lworr, of the Institut Pasteur, Paris, has 
been appointed to be the Royal Society Visiting Professor 
for the academic yoar 1964-65 He 1s expected to take 
up appointmont in April 1965 and to work m the division 
of virus research at the National Institute for Medical 
Research, Mill Hill, London, NW7 Dr Lwoff, who 1s 
a Foreign Member of the Royal Society, is distinguished 
for his work on the morphology and nutritional require- 
monts of Protozoa, and for his researches on lysogenic 
bacteria and bacteriophage Recently he has become 
interested m the growth of animal viruses and in normal 
defences agamst virus replication 


Guests 


ACADEMICIAN E N Pavrovsru of the Academy of 
Sciences of the USSR and his daughter Dr, Irena 
Bykhovskaya-Paviovskaya arrrved m London on October 
31 for a stay of three and a half weeks as the guests of 
the Royal Society, collaborating with the Bntish Council 
The visits have been arranged under the agreement 
between the Royal Society and the Academy, which 
provides for the annual exchange visits of five senior 
scientists Pavlovsku became an Academician in 1989, 
and in 1944 he beeame an Academician of the Academy 
of Medical Sciences of the USSR He ıs director of the 
Institute of Zoology and Parasitology of the Academy, 
heutenant-general of medical services, president of the 
Geographical Society of the USSR and an Honorary 
Fellow of the Royal Society of Tropical Medieme and 
Hymene While m Britam, Academician Pavlovsku 
and his daughter will visit universities and other 
scientific mstitutions ın London, Edinburgh, Lrverpool 
and Cambridge They will both deliver a series of 
lectures 
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Imperial College of Science and Technology, University 
of London 


Tue day after the publication of the Report of the 
Comraittee on Higher Education, Lord Robbins, the 
chairman, was the Special Visitor at the annual Com- 
memoration Day ceremony of Imperial College held 
recently ın the Royal Albert Hall (see p 621 of this issue). 
That the College itself 1s poised on the threshold of a new 
epoch and ready to accept another challenge 1s evident 
from the report by Sir Patrick Linstead, the Rector The 
initial target of 3,000 full-time students has been reached. 
The figure includes 1,175 postgraduates and 120 women 
students New targets will soon be set and double the 
number of women will be welcome The academic staff 
now numbers more than five hundred and has been 
strongly reinforced at all levels, particularly at the top, 
where the recruitment of several outstandmg men con- 
trasts with gloomy utterances on the emigration of 
scientists 

A radical change ın the structure of the College 1s that 
20 per cent of the students are in residence compared 
with 8 per cent last session More than sıx hundred 
students live within a quarter of a mile of the Queen’s 
Tower of the College At the beginning of the term, 
H R H The Princess Margaret launched the great addition 
to the residential and social facilities ın Prmece’s Gardens. 
A, most welcome anonymous benefaction of a quarter of 
a million pounds will make ıt possible to build the next 
hall of residence in. the same srea, where a long-term plan 
is gradually taking shape The main task of demolition 
13 over Two major building projects were finished last 
year—the Civil Engineermg building and the South Side 
building im Prince’s Gardens Four large academic 
building projects are now ın hand 


Dunn Nutritional Laboratory, Cambridge: 
Dr. L. J. Harris 


Dr Lestre J Harris, who became the first director of 
this laboratory on its inception by the Medical Research 
Council in 1926, retired on August 29 A native of Liver- 
pool, and a graduate of the University of Manchester, 
he went to Cambridge as a young research student under 
the late Sir Frederick Gowland Hopkms There he soon 
won distinction, and m 1925 the Meldola Medal of the 
Institute of Chemistry, for his pioneer work m applying 
the theory of titration curves to ammo-acids, polypeptides 
and protems His mgenuity enabled hum to distmguish 
clearly between zwitterion and non-zwitterion molecules 
After his appomwntment at the Dunn Nutritional Laboratory 
his interests were concentrated on vitamims He originated 
the assessment of human nutritional status, by saturation 
tests, and also the bradycardia test, with rats, for thiamin 
deficiency He developed chemical methods commonly 
used for the assay of ascorbic and nicotinic acids, dis- 
covered ‘monkey pellagra’, and made illuminatmg 
mvestigations with rats on the mechanism and psycho- 
logy of appetite During the Second World War he 
supervised jont work between the Medical Research 
Council and the Food Investigation Board on methods 
for the preservation of foods, usually by dehydration, 
without the excessive destruction of their vitamins He 
played a large part in the foundation of the Nutrition 
Society (Great Britam), of which he was the first honorary 
secretary (1941-47) and later president (1953-56) He 
was also a jomt founder and secretary-general (1946—60) 
of the International Umon of Nutritional Sciences, a 
body which has held six nghly successful triennial con- 
presses, most recently ın Washington (1960) and Edm- 
burgh (1963) His semi-popular book, Vitamins on Theory 
and Practice, has been widely read and translated into 
several languages To mark the completion of his long 
period as director, Dr Harris was presented, by present 
and past members of his staff, with his portrait, pamted 
m oils by Mrs B J Miles 
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Dr. E. Kodicek 


Dr Econ Kopicex has been appomted to succeed Dr 
Harris Dr. Kodicek has been working at the Dunn 
Nutritional Laboratory since 1939. He graduated M D. 
m Prague m 1932 and later became assistant physician 
at the Department of Internal Medicine at Charles 
University. In 1938 he was appomted physician-in- 
charge of the Endocrmological Out-patient Unit In the 
game year he was awarded the Diploma of Specialist for 
Diseases and Metabolic Disorders Dr. Kodicek came to 
Britain in 1939 as a Scholar of the Society for the Pro- 
tection of Science and Learnmg He obtained the Ph D 
degree of the University of Cambridge m 1942 for lus 
thesis Biochemical Studies on Nicotine Acid The same 
year he was appointed a member of the Scientific Staff of 
the Medical Research Council. During the War he took 
part ın imvestigations on the effects of dehydration on 
the vitamm B content of foodstuffs and was a member 
of various Government sub-committees Since the War, 
Dr Kodicek has carried out experimental work on a wide 
range of topics which have included bacterial metabolism, 
and the effect of ascorbic acid deficiency on wound 
healng He has also made investigations mto the nature 
of bound micotimic acid and its relation to the patho- 
genesis of pellagra More recently, Dr Kodicek has made 
an exhaustive study of the distribution and metabolism 
of vitamin D in the animal body, this work was greatly 
facilitated by his successful synthesis of “C-labelled 
vitamm D Dr Kodieek has been a visttmg lecturer to 
@ number of universities in the United States and was 
elected a Commuttee Member of the Biochemical Society 
i 1961 


Inorganic Chemistry in the University of Sheffield 
Prof. R. Mason 


Pror RonaLtp Mason, who was recently appomted to 
the newly established chau of morganie chemistry ın the 
University of Sheffield, took up his duties there on 
October 1 Dr Mason began his scientific career by 
taking & first degree at University College, Cardiff, and 
thereafter studied under Dame Kathleen Lonsdale at 
University College, London, obtamimg his doctorate m 
1953 ın crystallography For the next seven years he was 
Research Fellow of the British Empire Cancer Campaign 
in the Department of Chemistry at University College 
and undertook research work into the structure of bio- 
logically active molecules, X-ray studies of thermal 
vibrations and the applications of quantum chemustry to 
problems in molecular biology From 1960 he was lecturer 
in inorganie chemistry in the Imperial College of Science 
and Technology, London Huis more recent work has been 
concerned with structural mvestigations on a variety of 
transition metal complexes. notably those where there ıs 
both c- and x-bonding, and on paramagnetic anisotropies 
of single crystals of tetrahedral cobalt(II) species, potas- 
sium ferricyanide and di-7-cyclopontadienyl nickel and 
thei relation to the electron distribution m these com- 
plexes Ho has also had a continuing mterest m energy 
and charge migration phenomena ın molecular sohds and 
biological systems 

Prof Mason is the author of some fifty research papers 
and co-editor of the series Advances n Crystallography, 
Advances in Radiation Biology (to appear shortly) and of 
Physical Processes on Radiation Biology, and he has been 
visiting research professor m the Department of Bio- 
physies at Michigan State University and visitor to the 
Brookhaven National Laboratory, Upton, Long Island 
The understanding of modern morganic chemistry 16 
especially dependent on structural analysis, and Prof 
Mason’s expert knowledge in this area, coupled with his 
theoretical background and broad interests, should enable 
his new University to develop a thriving school of con- 
temporary morganic research m the widest sense 
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The Rockefeller Foundation 


A STATEMENT, Plans for the Future, issued by the 
Trustees of the Rockefeller Foundation, indicates that, as 
was foreshadowed in the recent annual report of the 
Foundation (see Nature, 200, 97, 1963), during the fore- 
seeable future the Foundation’s efforts will be concen- 
trated in five areas of pressing need Three of these—the 
strengthening of that part of the present programme which 
is directed to human nutrition, and volving increasing 
the quahty and quantity of food, as well as the search for 
new knowledge leading to more efficient use of land and 
water resources, initial research on the population 
problem, mcluding programmes on the dynamics and the 
stabilization of populations, and strengthening selected 
centres of learning in the emergent nations—were specific- 
ally mentioned in that annual report To these are now 
added programmes designed to give increasing numbers 
of citizens better educational opportunities to develop 
thew full potential and to take ther rightful place ın 
society Moreover, programmes are included to aid cul- 
tural development m the humanities and the creative 
and performing arts, using selected colleges and univer- 
sities as the principal media In its efforts toward these 
five goals—provision of an adequate food supply, stabil- 
ization of population, the traming of promising individuals 
and development of institutions ın areas where lack of 
leadership retards progress, advancement of equahty of 
opportunity for all, and cultural development—the 
Foundation will, as ıt has traditionally done, seek to 
sharpen definitions of the problems and to support 
promising pilot projects which may open the way for 
greatly expanded organized effort 
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The Nuffield Foundation Science Teaching Project 


Criticism of school science courses 1s nothing new. 
Changes in content and a more expermmental approach in 
the teaching have been advocated m many quarters for 
decades The present wave of dissatisfaction has swept 
into Europe from across the Atlantic and with ıt has 
come the idea of a combined operation to set science 
teaching on a now path The Nuffield Foundation Science 
Teachıng Project 1s one such operation, and the first 
Progress Report gives some idea of its scope (Pp u1+40 
London The Nuffield Foundation, 1963) It aims, 
imitially, to produce a range of teaching resources—texts, 
teachers’ guides, visual aids, apparatus and laboratory 
notes—for each of four courses These are biology, 
chemistry and physics for 11—]6-year-olds and science for 
9-13-year-olds Stress is laid on the encouragement of 
critical enquiry Some indication 1s given of the approach 
planned and one is pleased to note that, while subject- 
matter is to be selected for 1ts relevance to “the under- 
standing of science as ıb 1s to-day” and with the educated 
layman in mind, there 1s a recognition of the danger of 
building up “a picture of science by authority’ The 
chemistry section underlines the need for clear distinction 
between experimental fact and theoretical explanation, 
a distinction too easily blurred in the chase for modern 
knowledge, and a simular feeling 1s expressed in the biology 
section by reference to the practical evidence on which 
generalizations are based Preparation has been made 
for trving out materials ın schools, and a list of these, 
the teachers and others involved ın the project, ıs included 
The appearance of the actual teaching materials will be 
awaited with mterest 


Economic Growth and Manpower 


THE report of the 1963 spring conference of the 
British Association for Commerce and Industral 
Education presents the preliminary findings of a group of 
economists who, for the past two years, have been con- 
structing a computable model of the British economy at 
the Department of Applied Economics of the University 
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of Cambridge (Pp 55 London British Association for 
Commerce and Industnal Education, 1963 10s) The 
objective of the group 1s to mvestigate the problems of 
mecreasing the rate of British economic growth As the 
work progresses every effort 1s bemg made to discuss its 
various aspects with those engaged in practical activities 
so that the results are both realistic and consistent As 
one of its contributions to National Productivity Year, 
the Association provided a platform for discussion of the 
results which are now beginning to emerge from the 
group’s calculations Prof R Stone, P D Leake profes- 
sor of finance and accountancy in the University of 
Cambridge, stated that “If we are to reach the goal 
proposed by the National Economic Development Council 
we need to see clearly, quantitatively and with as 
much notace as possible, what is expected of cach of us . 
A small group cannot produce a finished picture im one 
go from published information. ıt needs the help of other 
groups and individuals engaged ın practical hfe, who alone 
can contribute the necessary range of knowledge and 
experience But all this knowledge must be organized with- 
in a coherent framework Until a framework oxists, 
the task of organization cannot be started’? The threo 
economists who followed at the conference covered (a) 
Industrial outputs in 1970—how the model ıs used to 
estimate the levels of output which each industry will 
have to attain by 1970 ıf the programme of growth 18 to 
be realized (b) Industrial requirements for manpower ın 
1970—estimates under (a) interpreted mto manpower 
requirements for thirty-one mdustries (the estimate for 
1970 ıs 21 482 million as opposed to 20,469 million in 
1960) (c) The composition of manpower requirements— 
the spectrum of skills; labour skills in 1951, ın 1961 and 
in 1970. Each paper ıs accompanied by appropriate 
diagrams, 


Fauna Conservation 


THE latest issue of Oryx (7, Nos 2 and 3, August 1963) 
contains reports on several species of mammals that are 
thought to be m need of special protection because of 
their dimimished numbers A survey in southern Nepal 
by E P Gee shows that the population of Indian rhino- 
ceros in the adjacent valleys of the Rivers Rapti and Rue 
is now increasmg The estimated number of 300 rhino m 
Nepal in 1959 dwindled to 160 in 1961 owmg to increased’ 
poaching during a time of political unrest By 1962 after 
the re-establishment of more settled conditions the number 
had rsen to 185 The author recommends additions to 
the area of the national park, vigorous suppression of 
poaching, and the encouragement of tourism, as measures 
to ensure the conservation of the species <A paper by 
Dr and Mrs Coln Bertram states that the manatee 1s 
now seen less frequently in the waters of British Guiana 
than formerly, but that its status 1s not easy to assess 
because the animals are shy and difficult to observe, the 
increasing use of power boats may be driving them from 
some reaches of the rivers Research ıs needed mto the 
biology of the manatee particularly its breeding, about 
which almost nothing 1s known Manatees are efficient 
clearezs of canals and channels choked with aquatic 
vegetation, but their introduction into other parts of the 
world to clear more open waters cannot be practicable 
until much more ıs known about them Barbara Harrisson 
gives an interesting account of the attempt to return to 
the wild orphaned orang-utans seized from illegal cap- 
tivity. The experiment has achieved some success owing 
to the zeal and devotion of Mrs Harrisson, but the real 
way to conserve rare animals m the wild 1s to leave them 
alone and ensure that nobody interferes with them 


Radioactive Contamination of Food in the United 


Kingdom 


TEE annual report for 1962-63 of the Agricultural 
Research Council Radiobiological Laboratory, Wantage, 
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has recently been pubhshed (ARCRE 10 Pp x+108 
London Agricultural Research Council Obtaimable from 
HMSO 7s 6d net) It 1s the tenth in the serios of 
reports on the Laboratory’s work on radioactivity in the 
diet The Radiobiological Laboratory has continued to 
measure the levels of .odine-131, strontium-89, strontium- 
90, exsium-137 and barium-140 ın foodstuffs ın the 
United Kingdom ‘The major effort was devoted to milk, 
samples bemg regularly examined from dopots which 
handle moro than 40 per cont of Biitatn’s total production 
The average ratio of strontium-90/calcrum m milk was 
12 picocuties/g im 1962, about 13 pe /g for the twelve 
months to the end of March 1963, and about 15 pe /g for 
the twelve months to the end of June Those levols 
reflect the increased rate of fall-out in 1962, and at the 
end of the year the twelve-month average was about 
20 per cont greater than the previous highest value 
recorded in 1959 following the 1958 nuclear tests The 
average **Sr/Ca ratio m the total mixed diot in 1962 was 
10 pe /g, which was about 60 and 10 per cont higher than 
m 1961 and 1959, respectively, but was still less than 
8 per cent of the ‘cautionary’ working-lovel of 130 pe /g 
recommended by the Medical Research Council How- 
ever, not all the components of the dict reflected the 
increased rate of fall-out ın 1962 In particular, the 
S7r/Ca ratio for flour was below that for the previous 
year due to the delay between the harvest of grain and 
the consumption of the flour The values rose, however, 
m the 1962 crop, which did not enter the diet until 1963 
The levels of 1odine-131 m milk for the first sıx months of 
1963 continued to be below the hmut of detection (11 pe f) 
The average for the twelve months to the end of June 
was below 15 per cont of the Medical Research Council’s 
recommended ‘cautionary’ level of 130 pe /l 


One-sided Tolerance Limits and Variables Sampling 
Plans 


A MONOGRAPH recently published by the Sandia Cor- 
poration contains a wide selection of tables based on the 
non-central £ distribution (SCR-607 Factors for One- 
sided Tolerance Lamits and for Variables Sampling Plans 
By D B Owen Pp 412 Albuquerque, New Mexico 
Sandia Corporation. Available from Office of Technical 
Services, Department of Commerce, Washington 25, 
DC, 1963 5 dollars) Previous work m this field has 
thus been extended and, in some cases, corrected. Sam- 
pling from a normal distribution 1s considered throughout, 
the principal tables are desgned for use with acceptance 
procedures (single-sample variables sampling plans) 
described ın the author’s abstract as follows “The 
probability is y that at least a proportion P of a normal 
population is below % + ks, where Z has a normal dis- 
tribution with mean u and variance so*/n and fs?/jo? has 
an [independont] chi-square distribution with f degrees of 
freedom” Typically y and P are fixed according to 
manufacturer and consumor interests Values of k are 
tabulated for suitable values of y, P and the sample sizes 
nandf Other apphcations include tho power of Student’s 
t-test and “expected coverage tolerance hmits’” The 
tables are balanced by a valuable commentary In this, 
Dr Owen explams very clearly how to use the tables, 
he discusses various approximations ansing in their con- 
struction, and he gives the mathematical dorivations on 
which they rest Dr Owen claims that the variables 
sampling plans discussed are to be preforied in particular, 
when the protection of the consumer 1s of primary wntorest 
and the costs of items are high He does not argue this 
point, but the reader who feels at all doubtful is free to 
seek reassurance by sampling the bibliography of some 
eighty items 


The Night Sky in December f 


New moon occurs on Dec 16d 02h 07m u'r and full 
moon on Dee 30d llh 04m The following conjunctions 
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with the Moon occur Dee 18d 14h, Venus 05°S , Dec 
20d 14h, Saturn 2° N., Dec 24d 08h, Jupiter 4°N In 
addition to these conjunctions with the Moon, Mercury 1s 
m conjunction with Mars on Dec. 7d 03h, Mercury bemg 
14°85, and Mercury with Mars on Dec 30d 05h, Mercury 
bemg 2°N There 1s a total eclipse of the Moon on Decem- 
ber 30, invisible at Greenwich Mercury 1s an evening star, 
but is not well placed for observation Venus ıs an 
evening star, setting at 17h 15m, 17h 40m and 18h 30m 
on Dec 1, 15 and 31, respectively Its stellar magnitude 
is —34, its distance decreases during the month from 
141 to 128 million miles, and the visible portion of the 
apparent disk decreases from 0 914 to 0862 Mars ıs too 
close to the Sun for observation Jupiter sets at 2h 20m, 
lh 20m and 0h 25m on December 1, 15 and 31, respectively 
It 1s m Pisces, its stellar magnitude is — 2 2 and its distance 
fiom the Earth on December 15 ıs 425 millon mules 
Jupiter is stationary on December 6, after which 1t resumes 
its eastward motion among the stars Saturn sets about 
4h after the Sun, but conditions for observation are now 
becoming unfavourable Occultations of stars brighter 
than magnitude 6 are as follows, observations being made 
at Greenwich Dec 2d Ih 20 6m, Tau (D), Dee 2d 2h 
190m, 0 Tau (R), Dec 29d 2h 18 6m, 106 Tau (D) D 
and E refer to disappearance and reappearance, respect- 
ively. The Germmid meteors are active durmg December 
9-14, with maximum on December 13, the radiant ıs 
near R A 7h 28m, Dec +32°, and conditions for observa- 
tion are favourable The Ursid meteors are active 
durmg December 20-22, with maximum on December 22, 
the radiant is near RA 14h 28m, Dec + 76°, and condi- 
tions for observation are favourable The winter solstice 
occurs on Dee 22d 14h 


Announcements 


Pror © F A PANTIN, professor of zoology m the 
Univorsity of Cambridge, president of the Marme Buo- 
logical Association and a member of the Nature Con- 
servancy, has been appointed chairman of the newly 
constituted Trustees of the British Museum (Natural 
History) Prof Pantim, who was awarded the Royal 
Medal of the Royal Society m 1950, and was President of 
the Linnean Society from 1958 until 1960, is distinguished 
for his work in marine biology and experimental zoology, 
and. well known for his mterest in providing the broadest 
posstble basis for future specialists 


At a general monthly meeting of the members of the 
Royal Institution held on November 4, the Right Hon 
Lord Brabazon of Tara was appomted honorary professor 
extraordinary of the Royal Institution Lord Brabazon 
has been a Member of the Institution for twonty years 
and was president for fifteen yoars from 1948 until 1963 
He was succeeded as president by Lord Fleck 


A MEETING of the Plant Phenolics Group on ‘“Poly- 
saccharides” will be held at the School of Pharmacy, 
London, on January 7 Further mformation can be 
obtained from Mr A H Wilhams, Research Station, 
Long Ashton, Bristol 


A COLLOQUIUM on “The Decomposition and Ignition of 
Peroxides”’, organized by the Combustion Institute, will 
be held m the University of Oxford on January 7 Further 
information can be obtained from Dr W G Parker, 
Department of Chemistry, College of Advanced 
Technology, Birmingham 4 


THe 1964 Winter Gordon Research Conferences on 
“Polymers” and “Electrochemistry Eloctrode Reactions” 
will be held m Santa Barbara, California, durmg January 
27-February 7 Further information can be obtamed 
from the director of the conferences, Dr W George Parks, 
University of Rhode Island, Kingston, R I 
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THE ROWETT RESEARCH INSTITUTE FOR ANIMAL NUTRITION 
GOLDEN JUBILEE 


HIS year the Rowoett Institute celebrates its origin 
in 1913, when a Jomt Committee of the Umversity 

of Aberdeen and the North of Scotland College of Agricul- 
ture was formed for the prosecution of research m animal 
nutrition The late Prof E P Cathcart, who m 1913 was 
a lecturer in the Institute of Physiology ın the University 
of Glasgow, was first approached and accepted the offer 
to go to Aberdeen to start this research work Later, he 
decided to take a chair of physiology m the University 
of London and, when mtimatmg lus change of mind, 
recommended that Dr John B Orr be offered the post 
Thus, Dr Orr became the first duector of what not long 
after grew ito the scale of an mstitute, and m this 
capacity he served until his retirement m 1945, when he 
was succeeded by Dr D P Cuthbertson, also from the 
Institute of Physiology, Glasgow, but who had been 
seconded at the time to the Medical Research Council 
During its fifty years, therefore, the Institute has had 
only two directors 

The Governing Body of the Institute 18 now tripartite, 
with five persons appomted by each of the followmg 
University of Aberdeen, North of Scotland College of 
Agriculture and the Secretary of State for Scotland The 
Principal and Vice-Chancellor of the University 1s its 
chairman 

Followmg his retirement ın 1945, Sır John Orr became 
the first director-general of the Food and Agriculture 
Organization of the United Nations The need for the 
creation of such an organization owed much to Orr’s 
vision and his previous researches culmmating m his 
book Food, Health and Income Orr had also been 
responsible for a large-scale demonstration of the nutritive 
value of milk for children, and the evidence from this and 
comparable trials was largely responsible for the intro- 
duction of the milk and finally the meals-m-schools 
scheme He had felt that so much useful knowledge had 
been acquired about animals that ıt was tyme it was 
applied to man himself 

The Commonwealth Bureau of Animal Nutrition does 
not share the Jubilee that the Rowett Institute 18 cele- 
bratmg ıb ıs only thirty-two years old, but, as m some 
ways an offshoot of the Institute, 1t shares its history and 
celebration, for Orr was its first director, followed in more 
recent years by Dr I Leitch and Dr D Harvey The 
present director of the Institute is consultant director to 
the Bureau and editor-m-chief of rts publication, Nutrition 
Abstracts and Reviews 


The early and subsequent history of the Institute, its 
Reid Library, its farm—the Duthie Experimental Stock 
Farm-—and its residential hall—Strathcona Club—are deo- 
scribed in a unique volume entitled Progress in Nuirition 
and Alhed Sciences, which 1s edited by the present director 
and, published by Oliver and Boyd at the modest price of 
50s for its 452 pages (Nature, 200, 201, 1963) Ths 
provides an account of the present resoarch work 
of the Institute m relation to the existing state of 
knowledge, and some account 1s also woven mto it 
of the past research of the Institute A few distinguished 
ex-members of staff have contributed topics not at 
present bemg mvestigated at the Institute There are 
thirty-nine chapters Among the significant topics 
dealt with are those which have been ın recent years 
the continumg concern of the Institute These are 
the physiology, biochemistry and microbiology of diges- 
tion, particularly ın the ruminant, the nutritional 
significance of the ‘nen-protem mitrogen’ fraction of 
plants, physiological mdividuality, mmerals m relation 
to the skeleton, the teeth and functionmg of the nervous 
system, mammalan glycosidases and their mhibition, 
growth and reproduction, family diets, infection and 
resistance The Insitrtute’s present contribution to 
our better understanding of the nutrition of dairy 
cattle, sheep and their shelter, poultry and pigs and 
the recent system for mtensive beef production intro- 
duced in Britam by the Institute are also described 
The Institute continues to assist m defining where the 
application of man’s scientific knowledge of agriculture 
to world needs can best be directed 

The present staff of the Institute numbers two hundred 
and fifty persons, of whom some fifty-five belong to the 
scientific officer class Dr R L M Synge, Nobel prizo- 
man, 1s probably its most distinguished member of staff 
He has written a challenging article on the state of our 
ignorance concerning the nutritional role of the con- 
stituents of the non-protem fraction of plants at this 
pomt m time 

Theo Institute publishes each year an annual report 
which 1s free to universities, colleges and non-commercial 
research organizations 

At its Founders’ Day Dmner ın this year of ıts Golden 
Jubilee, the Secretary of State for Scotland, the Right 
Hon Michael Noble, gave the principal speech and pro- 
posed a toast to “The Founders” 

D P. CUTHBERTSON 


VEGETATION OF THE HUMID TROPICS 


SYMPOSIUM on the vegetation of the Humid 
A Tropics was held at Kuching, Sarawak, during 
July 2-10, 1t was sponsored jointly by the South-east 
Asia Science Co-operation Office of Unesco and the 
Government of Sarawak, and was attended by some 36 
participants coming from most of the countries of South- 
east Asia, a8 well as from Europe, the United States and 
Australia The United States was represented by Dr 
F R Fosberg of the Pacific Vegetation Project, Washing- 
ton, chairman of the Humid Tropics Committee of 
Unesco, and by Dr George Gillett of the University of 
Hawan; participants from the United Kingdom were 
Sir George Taylor. director of the Royal Botanic Gardens, 
Kew, Mr P Greig-Smith, reader in botany at the Univer- 
sity College of North Wales, Bangor, and Prof P W. 
Richards. Mr L. Mattsson, director of the South-east 


Asia Office at Djakarta, was the official representative 
of Unesco This symposium was the third of & series on 
tropical vegetation organized by the South-east Asia 
Office of Unesco and followed those held at Tj:awi, Java, 
in 1958, and at Goroka, New Guinea, m 1960 (see Nature, 
189 24, 1961) 

The present policy of the South-east Asia Science 
Co-operation Office ıs that each symposium should have 
one or more principal themes, as well as giving experts on 
tropical vegetation the opportunity of discussing their 
work and problems with colleagues whom of necessity 
they cannot meet very often At the Goroka symposium, 
the Proceedings of which have recently been, published *, 


* Unesco Science Co operation Office for South-east Asia and Admunis- 
tration of the Territory of Papua and New Gumea (Government Printer, 
Canberra, 1963) 
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the emphasis was on the impact of man on the vegetation of 
the humid tropics At the recent symposium at Kuching 
the chief themes were recent advances m tropical ecology 
and the appheation of quantitative methods to the study 
of tropical vegetation Although according to the pro- 
giamme the latter topic was the subject of only one 
morning’s session, 16 was in fact a recurrent theme, both 
ım the regular sessions and im the less formal, but no less 
ammated, discussions ‘out of hours’ The papers presented 
to the symposium indeed covered a wide field, from the 
“Entropy Concept in Ecology” (F R Fosberg) to the 
“Ecology of Pitcher Plants (Nepenthes)? (B E Smythies), 
and provided a cross-section of the main fields of activity 
in present-day tropical ecology 

Sir Alexander Waddell, Governor of Sarawak, declared 
the symposium open at an maugural session in the after- 
noon of July 2, under the chairmanship of Mr B E 
Smythies, conservator of forests, Sarawak In his speech 
the Governor stressed the rmportance of ecological research 
to a country such as Sarawak, much of which consists of 
undeveloped land covered with forest and other vegeta- 
tion in a relatively natural state He also quite mghtly 
directed attention to the considerable contribution to 
research on tropical vegetation which ıs being made by 
the staff of the Sarawak Forest Department 

The one session devoted entirely to quantitative methods 
was opened by Mr P Greig-Smith, who strongly emphas- 
zed the importance of statistically reliable samplng 
procedures and directed attention to some of the pitfalls 
which surround attempts to apply quantitative methods of 
description and analysis to plant communities ag rich in 
species and lacking in homogeneity as the forests of the 
humid tropics, he also discussed the problems involved in 
the selection and delimitation of sample plots, The type 
of quantitative method to be used must be modified, Mr 
Greig-Smith considered, to suit both the nature of the 
vegetation to be studied and the ultimate object 
m view This opening paper led to a' long and lvely 
discussion in which many modern techniques such 
as ‘plotless samplng’, gradient analysis, etc , were con- 
sidered 

This paper was followed by two others dealing with 
related problems Dr P S Ashton gave an account of 
his work (shortly to be published as an Oxford Poresiry 
Memovr) on the Mixed Dipterocarp forests of Brunei 
The forests of this small country—no larger than an 
English county—are extraordinarily rich ın species, 
there are more than 150 species of large trees belonging 
to the family Dipterocarpaceae alone Dr Ashton has, 
however, successfully used a modification of Bray and 
Curtis’s ordination technique and shown that the varying 
composition of the forest community reflects very sensi- 
tively the innumerable small variations ın topography, 
sou and local chmate This paper high-hghted the 
extreme complexity of some plant communities of the 
humid tropics, but also gave reason for hoping that 
relatively simple quantitative techniques might prove 
adequate in providing a firm basis for correlating the 
endless and seemingly random variations of forest composi- 
tion with the factors of environment The last paper in 
this session was read by Mr A J Vincent of the Forest 
Research Institute, Kepong, Federation of Malaya, and 
was entitled “Tropical Rain Forest Ecology What Does 
the Forester Need to Know About It and How Should He 
Put the Necessary and Sufficient Knowledge on a Quanti- 
tative Basis ’’? As might be guessed from its title this 
paper was valuable in bringing the somewhat academic 
approach to tropical ecology which had prevailed earlier 
in the discussion mto relation with practical realities in 
the newly independent countries of south-east Asia at the 
present day 

Quantitative problems of other kinds were raised in 
several other papers notably in one by Mr D I Nichol- 
son of the Sabah (North Borneo) Forestry Department on 
“Studies in Virgin Forest Near Sandakan, North Borneo” 
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Among the many interestmg problems raised in the discus- 
sion on this paper was the rolabılıty of the various 
methods at present used for estimating the age of ram 
forest trees (which do not as a rule produce annual growth 
rings) Mr I M Qureshi: (Dehra Dun) expressed the 
view that quantitative ecological methods should be, so 
far as possible, standardized as well as statistically valid 

Another subject with which several papeis were con- 
cerned and which led to much informal discussion was the 
relation between vegetation, soul and parent rock Dr 
L. J Webb, of the University of Queensland, in a paper 
on the rain forests of noith-eastern Australia, directed 
attention to the well-known fact that m the humid 
tropical regions of Australia there ıs a marked difference 
between the vegetation on basalt and on other parent 
materials such as sandstone, the former bearmg rain 
forest s.milar in many of its features to the rain forests 
on the Indo-Malayan region, the latter eucalypt forests 
of a charucternstically Australian type In spite of this 
obvious difference in vegetation, however, soil analysis, 
at least using conventional methods, does not seem to 
reveal any marked differences in nutrient elements such 
as phosphorus, potassium and mitrogen between the soils 
formed from basalt and those derived fiom other parent 
materials A similar problem was discussed by Prof 
Richards m a paper dealmg with soil conditions in some 
lowland forest communities in Brunei and Sarawak, where 
there ara striking differences between the ‘Heath forest’ 
on the sandy kerangas (podsolic) souls and the Mixed 
Dipterocarp forests on soils of the more normal latosol 
type Here again the soils are obviously different and are 
clearly correlated with differences of vegetation, but the 
soil analyses appear to imdicate very little significant 
differencs in the amount of nutrients present im tho 
sol The very distinctive character of “Heath forest’ 
commumties was also brought out m a paper by Mr 
Anwari Dilmy (Herbarium Bogoriense) dealing with the 
vegetation of the Sampit area in Central Kalimantan 
(Indones.an Borneo) 

It was worthy of note that although nearly every 
contribution to the symposium was concerned with the 
ecology of plant communities rather than with autecology, 
several speakers stressed the need for more work, especi- 
ally experimental work, on the ecology of mdividual 
species Some sessions ranged into widely different fields, 
for example, one of the most interesting and mformative 
dealt with palynology, a subject of great promise for the 
future understanding of tropical vegetation Dr D 
Walker of the Research School of Pacific Studies, Australian 
National University, Canberra, gave an account of his 
work on the stratigraphy of a swamp in the New Guinea 
highlands, and Mr J Muller, of Brune1-Shell Petroleum 
Co , summarized the results of his fascinating work on the 
pollen in Holocene peats ın Sarawak In Borneo, a com- 
plete stratigraphical sequence from the Cretaceous to 
the present day 1s avaiable for pollen analysis This has 
already revealed much of interest about the history of 
the mangroves and peat swamp, but what has already 
been discovered can be no more than a foretaste of results 
of immense significance for the understanding of the 
vegetation of south-east Asia 

A paper by Mr T Smitmand on the vegetation of a 
limestone massif m Thailand and another by Dr J A R 
Anderson on the hmestone habitat m Sarawak provided 
much new information on a very interesting type of tropi- 
cal habitat which has hitherto received very little atten- 
tion and also raised the issue of conservation which, 
though not one of the official themes of the symposium, 
was clearly one of the underlying anxicties of most 
participants The vegetation of the fantastically shapod 
limestone hills m Sarawak, Malaya, Thatland and else- 
where in south-east Asia is of the greatest mterost to the 
botanist because of its strange and often endemic plant 
species, but there 1s a grave danger that because of the 
high economic value of limestone for making cement and 
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other purposes, especially m relatively advanced countries 
such as the Federation of Malaya, the habitat will be 
destroyed before there 1s any adequate scientific knowledge 
of its flora and fauna Sumuilar anxieties were expressed 
about several other types of tropical vegetation, especially 
the lowland ram forest of the Malay Penmsula and the 
montane forests of Mount Kinabalu m North Borneo 
where the proposal to establhsh a national park needs 
to be pressed forward rapidly before the steady advance 
of shifting cultivation destroys any more of the forest 
vegetation 

Not the least important part of the activities of the 
symposium were the field excursions, which gave the 
opportunity for very valuable discussions of present-day 
problems m tropical ecology ‘The week at Kuching was 
interrupted by a very pleasant and interesting visit to 
the Bako National Park and Santubong Mountam at 
the mouth of the Sarawak River The excellent hving 
accommodation and well-designed paths at Bako gave 
the party an opportunity of seemg something of the 
unusual forest and heath-hke plant communities on a low 
sandstone plateau on the coast, where Nepenthes and 
strange-looking epiphytic species of Dvzschidia and 
Hydnophytum grow m abundance and can readily be 
studied Santubong at the mouth of the Sarawak river, 
memorable for its associations with Alfred Russell 
Wallace, provided a glimpse of the extraordinary variety 
of species and plant communities on a steep and isolated 
mountam Jess than 3,000 ft high Before leaving Kuching, 
members of the symposium were able to see the excellent 
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‘natural’ arboretum created by the Sarawak Forest 
Department m the Semengoh Forest Reserve and chmb 
the 100-ft. tower which 1s bemg used to collect data on 
temperature and humidity at different levels in undisturbed 
dipterocarp forest On the same day a short visit was 
paid to the famous limestone hills at Bau 

After the conclusion of the activities of the symposium 
in Sarawak, most of the participants were able to take 
part ın a tour to Brunei, where one day was spent ın 
studying the vegetation of the peat swamps and another . 
in the magnificent Mixed Dipterocarp forest of the Andulau 
Forest Reserve After this many of the party jomed ma 
short visit to Sabah (North Borneo) and elambed Kaunabalu 
(13,455 ft ) with its amazingly rich montane flora 

The success of the symposium owed much to the careful 
preparatory work of Dr J A. R Anderson and other 
members of the Sarawak and Sabah Forest Departments, 
as well as to the simple, but very convenient, accommoda- 
tion provided by the Sarawak Government at the Batu 
Lintang Teachers’ Tramming College The fact that ıb 18 
possible to hold such a symposium at all underlines the 
increasing umportance of tropical ecology The foundation 
of a Society for Tropical Ecology in India, the formation 
of a Tropical Group m the British Ecological Society and 
the series of symposia sponsored by Unesco smee the 
mauguration of 1ts Humid Tropics Committee at Kandy 
m 1956, show that this interest 1s widespread and that an 
appreciation 1s developing of what ecology can contribute 
to scientific knowledge in a part of the world where most 
of the major problems are biological P W RICHARDS 


ACTIVATION ANALYSIS IN MEDICINE AND BIOCHEMISTRY 


CTIVATION analysis 1s a sensitive and versatile 
technique for the determination of trace constituents 
through measurement of the radioactivity induced after 
bombardment by neutrons or other sub-atomic particles 
First suggested by Hévesy and Levi ın 1936, ıt became 
practicable on a useful scale with the development of 
nuclear reactors and other neutron sources after the 
Second World War A rapid growth of interest mn biologi- 
cal applications was made evident during the third Inter- 
national Biological Colloquium, organized by the Com- 
missariat à Energie Atomique and held at Saclay, near 
Paris, during September 26-28 The gathering of 150 
research workers, drawn from many countries and many 


disciplines, heard 20 papers on recent developments and , 


potential applications of the method ım medicine and 
biochemistry 

Interest was equally divided between the experimental 
techmiques and thew applications Discussion of tech- 
niques was concentrated on three major problems (a) 
sources; (b) chemical manipulation of samples, (c) assay 
of induced radioactivity 

Thermal neutron activation 1s serviceable for the 
estimation of about 70 elements at sub-muicrogram levels 
Consequently, the nuclear reactor 1s widely used as a 
source; most of the research reactors brought nto opera- 
tion in recent years, grving fluxes of 1011-10!" n/cem?/sec, 
are contributing to analytical research projects A 
reactor 18, however, not always essential or even desirable 
For some elements the sensitivity of activation analysis 
using thermal neutrons 1s very low, for a few elements 
(near the begmning and end of the Periodic Table) the 
method ıs not appheable at all Even when adequate 
sensitivity 1s available, interfering activities may be con- 
tributed by other elements piesent ın the sample under 
examimation The estimation of manganese in blood can, 
for example, be achieved by using the reaction 
5Mn(n, y) Mn The small flux of fast neutrons inside a 
typical reactor will generate the same product by the 
reaction ®*Fe(n, p)®*Mn, grving an error of as much as 


30 per cent In this mstance, æ correction can be cal- 
culated, but the interference 1s sometimes of a more subtle 
kmd, not so easily dealt with 

It 1s occasionally possible to secure greater sensitivity 
and accuracy by using fast neutrons The most conveni- 
ent source 1s & discharge-tube generator in which, a tritium 
target ıs bombarded by deuterons accelerated to energies 
of 150-200 keV Several models of neutron generators 
using this principle are available commercially, giving 
14-MeV neutrons at fluxes of 107~10° n/om*/seo W 
Schulze (Free University of Berlin) discussed the use of 
fast neutrons mn activation analysis and gave a compre- 
hensive table of nuclear cross-sections (calculated and 
measured) for (n, y), (n, p), (n, 2n) and (n, «) reactions 
J Wood (Services Electronic Research Laboratory, 
Baldock) reported new developments in the design of 
discharge tubes for the (d, t) reaction; with the further 
advances now 1n prospect, this work should make the use 
of laboratory neutron generators more attractive in terms 
of initial cost and tube hfe 

The use of charged particles for activation was exempli- 
fied in a report by A Fleckenstein (University of Freiburg) 
on the determmation of oxygen m biological materials, 
using the stable isotope oxygen-18 in the reaction 180 (p, 
n)?8k', which gives excellent sensitivity Recognition of 
the potentialities of activation analysis with protons or 
helium-3 10ns has led to renewed interest in the cyclotren, 
1t 18 hoped that a machine giving 8-MeV protons can be 
produced commercially in the United States for 100,000 
dollars 

The rest of the discussion on techniques was concerned 
with tho relative contributions of radiochemical manipula- 
tion and of mstrumental assay Broadly speaking, the 
activity under mvestigation may be separated chemically 
(using mod:fications of normal analytical procedures) or 
physically (by exammation of the y-ray spectrum of the 
induced radioactivity) In practice if 1s not always 
possible to achieve complete separation by either method 
alone In biological materials, fo. example, the presence 


638 


of sodium-24 in wradiated samples makes ıt difficult to 
measure the activity produced by trace elements present 
at very low levels i 

A lively discussion arose over the removal of interfermg 
activities Ideally, the sample should be protected from 
all possible contamimution until ıt has been irradiated, 
after that the purity of reagents and contamers 1s of less 
importance Chemical treatment of the sample before irrad- 
ation 1s superficially attractive but potentially danger- 
ous Prior separation by paper chromatography (with 
subsequent irradiation of the paper bearmg the particular 
metabolic product or other compound to be analysed) 1s a 
serviceable technique in the study of complex biochemical 
processes, since the composition of the original tissue or 
product would be altered by destruction of chemical 
bonds durmg irradiation. Unfortunately the best avaul- 
able chromatographic paper includes impurities’ such as 
phosphorus and chlorine which limit the sensitivity of the 
method 

Dialysis of experimental samples (such as blood) before 
radiation 18 another attractive possibility, but the 
presence of contamimatmg trace elements in the dialysing 
fluids may lead to uncertamty Results obtamed by this 
technique in the estimation of manganese in biological 
fluids were challenged during the Colloquium 

If specrmens of blood or other tissues are ashed before 
irradiation, some constituents may be lost by alloymg 
in metallic crucibles or by fusion in ceramic vessels The 
heparin anticoagulant added to blood samples before 
ashing contains relatively large amounts of manganese 
and zine, making the estimation of these elements difficult 
Even the storage of specimens in collecting bottles before 
irradiation may introduce contammation. Glass and 
polyethylene are suspect in this connexion, but “Teflon’ 
18 more nearly inert The choice of containers for irradia- 
tion in the reactor 1s also important 

When once the specimen has been irradiated, chemical 
treatment may be applied without fear of mtroducing 
contamination, though ıt 1s still important to estumate 
and correct for the chemical yield Ion-exchange, chroma- 
tography and dialysis are all useful at this stage in the 
analysis Rapid separation of the desired activity can 
sometimes be achieved by isotopic exchange W W 
Meinke (National Bureau of Standards, Washington) 
described a simple technique for the estimation of mag- 
nesium m blood, using a one-drop specimen After 
wradiation for 10 min at a thermal neutron flux of 10" 
njem?jsec the sample ıs brought into solution (by destruc- 
tion of organic matter) and shaken for 2 min with a 
precipitate of magnesium ammonium phosphate The 
radioactive magnesium-27 then becomes concentrated m 
the precipitate by isotopic exchange The entire radio- 
chemical procedure can be completed in 5 min—a necessary 
requirement, smee the half-life of the activity to be 
examined. ıs only 10 min 

The speed and relative sımpherty of chemical separations 
were emphasized by a number of contributors, but the 
instrumental approach, relying on y-ray spectrometry, 
had convineing advocates The limit of present-day 
progress was illummated by R E Wamerdı and his 
colleagues (Texas Agmcultural and Mechanical Univer- 
sity) Samples of biological maternal for activation 
analysis are assayed entirely by automatic mstrumental 
methods The information obtained from a 256-channel 
pulse-height analyser, recorded on punched cards or 
macnetic tape, 15 transferred to an IBM 709 electronic com- 
puter in which the concentration of the eloment under con- 
sideration 1s calculated with the help of a calibration curve, 
obtained in advance from known amounts of the element 

In a typical series, microgram amounts of silver (in rat 
bram) were estimated by assay of silver-110 (half-lfe 
24 sec) Samples were irradiated for 24 sec, allowed to 
decay for 20 sec and counted for 30 sec to give a y-ray 
spectrum, a further spectrum was recorded after the 
silver-110 activity had decayed to msignificance. The 
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total computer time needed for each sample was 2 6 min 
and the cost of the analysis was 137 dollars At this 
price, activation analysis can compete with the more 
familiar methods used in hospital or agricultural labora- 
tories 

F Girardi and M Merlin (Euratom, Ispra) described 
& project for the estimation of trace elements m fresh- 
water molluscs Up to 12 elements are separated 
chromatographically and exammed by an automatic y-ray 
spectrometer which supplies -data on punched tape to 
an IBM computer for analysis and calculation 

Papers on the uses of activation analvsis in biological 
research could be classified mto two groups The first 
was concerned with measurement of the concentration cf 
particular elements ın tissues or in the environment For 
some elements satisfactory techniques have now been 
devised, removing the uncertainties evident in earher 
determinations Reported levels of manganese in tissue, 
estimated by activation analysis, have fallen steadily in 
recent years (as sources of contamination have been 
identified and eluminated), but now seem to have reached 
stability at well under 1 p p m 

V P Guinn (General Dynamics Corporation, San 
Diego) presented relatively sımple methods for the routine 
estumation of several elements ın blood and tissue. W F. 
Bethard (San Diego) and Lars-Olof Plantin (King Gustav 
V Research Institute, Stockholm) discussed the correla- 
tion between levels of trace-elements in blood and various 
diseases, including leukemia and rheumatoid arthritis 

The difficult problem of estimating protein-bound stable 
10dine m human blood plasma (as a necessary supplement 
to turnover studies with radioactive tracers, such as 
10dine-131) hes now been solved in a few laboratories. 
D Comar (Service Hospitaher Frédéric Joliot, Orsay) 
showed how activation analysis can be applied to routine 
determinations and to the study of abnormalities of 10odine 
metabolism. The wider provision of such a service would 
fill an obvious and important clinical need 

The relation of trace element metabolism to human 
disease was reviewed by J M A Lenihan (Western 
Regional Hospital Board, Glasgow), with particular 
reference to arsenic as & potential carcinogen Activation 
analysis 18 the only satisfactory method of measuring 
natural levels of arsenic m biological samples 

R Soremark (University of Umea, Sweden) reviewed 
the evidence for the protective action of vanadium against 
dental caries and desembed preliminary investigations by 
activation analysis The concentrations found in dentine 
and enamel from sound human adult teeth and in several 
foodstuffs were less than one part in 1044. Drinking-water 
levels were between one part m 10° and one part in 10%, 
but parsley contamed about one part m 10° 

A. Fleckenstem described experiments on the study of 
intracellular metabolism of phosphoryl compounds The 
use of phosphorus-32-labelled phosphate as a tracer in 
this work has important imitations The radiophosphate 
does not readily pass through the muscle fibre membrane; 
if ıt does pass into the cell, the concentration of intracellu- 
lar phosphate may increase to the point at which further 
access of the labelled tracer to the inside of the cell ıs 
blocked, creating the illusion of an mhibition of intra. 
cellular phosphorylation 

Oxygen ıs & better tracer for the study of biochemical 
processes inside the cell Unfortunately, its radioactive 
isotopes have very short half-lives and are generally not 
very useful in such work The stable isotope oxygen-18, 
which forms 0 2 per cent of the natural element, can be 
incorporated in water at high concentrations (up to 80 
per cent enrichment), but until recently could be assayed 
only by mass spectrometry Fleckenstein and his 
colleagues have used activation analysis based on the 
reaction #QO(p, n)!8F, which offers a fast and sensitive 
method for measuring the rate of incorporation of oxygen 
from water mto various phosphorus-contaming com- 
pounds in cardiac and skeletal muscles 
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H Altmann (Reactor Centre, Siebersdorf, Austria) 
reported investigations using nucleic acids of tobacco 
mosaic virus to study the possible relation between trace- 
element levels and virus infection 

R C Koch (Nuclear Science and Engineermg Corpora- 
tion, Pittsburgh) described work on the distribution of 
10dine-129, a nuclide which occurs naturally as a result of 
cosmic-ray reactions and spontaneous fission, but has 
recently been found ın measurable quantities in debris 
from nuclear explosions The amount of 1odine-129 in a 
typical human thyroid gland at the present time 1s about 
10-11 g, and is far below the limit of chemical detection 
Activation analysis, using thermal neutrons to produce 
10dine-130 (half-life 12 5 h), enables reasonably accurate 
measurements to be made, as a basis for the assessment 
of long-term biological hazards and for studies of the 
movement of 1odine in the biosphere 

H J M Bowen (Wantage Research Laboratory, U K 
Atomic Energy Authority) emphasized the wide discrepan- 
cies among different laboratories in determmations of 
certain trace elements in biological material Experience 
in geochemistry and metallurgy has shown the value of 
standard samples, distributed for comparison of analytical 
1esults and techniques Bowen suggested that several 
biological materials, meluding algae, cabbage leaves, 
locusts, muscle, bone and blood, should be grown or 
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collected under controlled conditions About 100 kg of 
each material would be required for use over a period 
of 10-15 years The samples should be dried, ground and 
distributed as required to laboratories working on activa- 
tion analysis, so that they might compare their results 
on substentially identical specimens 

The main conclusion which emerged from the Collo- 
quium is that actrvation analysis, having passed through 
the stage of being an ingenious technique, now constitutes 
a powerful experimental weapon for biologists, biochem- 
ists and clinical research workers These beneficiaries 
have perhaps not appreciated fully the potentialities of 
new methods, but there 1s httle doubt that the abounding 
enthusiasm of the effort now being apphed to activation 
analysis will before long have a corresponding impact on 
biological science—including agriculture and vetermnary 
medicine, which were not represented at all during this 
meeting 

Some of the participants were unprepared. for the 12-h 
working day preseribed by the organizers The ardours 
of this régime were handsomely mitigated by efficiency 
and hospitality, which culmmated in a valedictory 
banquet at the chateau of Gif-Sur-Yvette under the genial 
chairmanship of Prof Francis Perrin, high commissioner 
for Atomic Energy. 

J M A Lenin 


GAS CHROMATOGRAPHY 


N informal symposium of the Gas Chromatography 
Discussion Group of the Institute of Petroleum was 
held at the Washmgton Sunger Laboratories of the 
University of Exeter on September 27 
The first paper was given by Dr I Halasz on ‘‘Gas- 
Sohd and Gas Adsorption Layer Chromatography” He 
pointed out that gas-soliid chromatography has now 
become an important subject for research agam after 
having been displaced for a period by gas-liquid chromato- 
graphy The disadvantages of gas-sold chromatography 
are (1) the upper hmiut'of hnearity of the isotherms of 
gas absorption 18 normally higher than it ıs for the solubil- 
ity of gases in liquids, and (2) the number of avaiable 
solids with swtable mechanical properties 1s strictly 
lhmuted These disadvantages have now been largely 
overcome with the development of more sensitive detec- 
tors and new techniques Among the latter, Dr Halasz 
mentioned the modification of the highly polar known 
adsorbers by adding other solid substances, the coating 
of active solids with liquids for which Cremer has proposed 
the name ‘gas adsorption layer chromatography’, the 
coating of supports having a very large specific surface 
area with pulverized solids, and the coatmg of the mner 
wall of capillaries with a thin porous layer of solid In 
the latter case, the whole of organic and morganic chemus- 
try is available for experment As regards the coating 
of an active solid with a lquid, preferably a polar one, some 
people assert that the active areas of the solid are blocked, 
and others suggest that the hquid changes its properties 
in the field of force of the solid, but Dr Halasz was of the 
opmion that a new stationary phase 1s formed, and he 
showed a graph m which an merease m the amount of 
liquid coating of alumina caused a decrease in retention 
volume of all C,-C, components, & result in direct contrast 
to that obtamed by gas-liquid chromatography 
Two of the mam advantages of gas-solid chromatography 
and gas adsorption layer chromatography are that mass 
transfer 1s much faster than m gas-hquid chromatography, 
and also that the vapour pressuros of the stationary phases 
may be neglected or are, at the least, very low, a factor of 
special importance m programmed temperature opera- 
tion Mass transfor will be especially fast ın the case of 
® coating m the form of a thin porous layer, an advantage 


previously pointed out by both Golay and Purnell Five 
types of column were briefly defined as (a) classical 
packed columns m which the mner diameter of the 
column 18s larger than the particle size of the support by 
at least a factor of 10, (b) packed capillary columns having 
an inner diameter less than 1 mm, the particle size of the 
support being larger than one-fifth the mner diameter 
of the column, (c) classical open-tubes or capulanies (Golay 
columns) which have the inner surface coated with hquid, 
(d) porous layer capillary columns m which the mner 
surface 1s coated with a thin porous layer of active or 
mactive solid, (e) porous layer bead columns m which glass 
or metal beads are coated with a thin porous layer of 
sold support The performance of these types of column 
was illustrated by slides of work carried out by Heme 
and Horvath at Frankfurt C,—C, hydrocarbons are 
separated fairly well on a packed capillary column of 
alumine m 13 sec, but although the resolution ıs a httle 
better, separation took 360 sec on a classical packed 
column under the same conditions It has been found 
that hydrocarbons up to C, can be analysed on these 
packed capillary columns using alumma without much 
tang of peaks but the column temperature must be 
relatively high (80° C) The same analysis can be carried 
out at 20° C by coating the alumina with 20 per cent by 
weight of B, B!-oxydipropiomitrile Many other simuar 
illustrations were given. and in addition some separations 
using porous layer capillary columns of graphitized 
carbon black and silicon carbide, and porous layer glass 
bead columns using porous layers of zirconrum oxide + 
triethylene glycol (for halogenated hydrocarbons) and 
ferric oxide + triethylene glycol (for aromatic hydro- 
carbons) In concluson, Dr Halasz emphasized that his 
research programme was still im its early stages, and 1t was 
hoped that, in the future, better adsorbers would become 
avaiable 

A paper on “Modified Alummas—-A Progress Report” 
by C S G Philips and C G Scott followed and was read 
by Mr Scott The selectivity obtamable with aluminas 
modified with either sodium hydroxide or a sodium halide 
was briefly reviewed, and ıt was shown that, apart from 
providing packmgs having a range of aromatic/alkene 
retention ratios, they could also be used to separate 
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alkene cis-irans isomers When aluminas are modified 
with cuprous chlomde or silver mitrate, alkenes and 
aromatics can be held back completely, and the use of 
one of these packings as a subtractor was illustrated by 
two chromatograms of a Fischer-Tropsch Kogasin frac- 
tion The first chromatogram; obtamed on a sodium 
hydroxide modified alumina, gave all the alkane plus 
alkene peaks, and the second chromatogram, obtained 
on. the same column to which a few millimetres’ depth of 
cuprous chloride modified material had been added, gave 
the alkane peaks only. Apart from simple subtractor 
application m elution chromatography, the cuprous 
chloride and silver nitrate modified alummas have been 
used to concentrate traces of alkenes and aromatics from 
large liquid volumes of alkane solvent Recovery of the 
concentrates is achieved using gas-solid displacement 
chromatography. The main points to be observed with 
this procedure are (a) the displacer vapour should be 
more strongly adsorbed than the component to be dis- 
placed, and (b) the displacement fronts should be sharp 
—this requirement bemg met if the column packmg 1s 
retained im the column by a flat smter disk. When the 
total mass of concentrate 1s much less than 1 mg, 1t 18 
found preferable to trap out the displacer front containing 
the displaced material and to re-inject ıt on to a gas-hquid 
elution column fitted with an ionization detector The 
recovery of ug amounts of 1-hexene and 1- and 2-heptenes 
from 100 g of n-heptane using this procedure with 1l-octene 
as displacer was descmbed (see Nature, 199, 66, 1963) 
The same technique has been used successfully to recover 
traces of lower alcohols and ketones concentrated on 
sodium bromide modified material using n-butanol as 
displacer With esters, hydrolysis occurs and the re- 
covered materia] is @ mixture of ester and aleohol 

Aldehydes polymerized on the column and traces cannot 
be recovered The strong mteraction between the 
adsorbates and the modified aluminas is such that appre- 
ciable amounts of adsorbate can be held on the surface 
with a neghgible concentration m the gas phase Thus 
as much as 20 mg of heptenes can be retamed at 75° C on 
1 g of alumma modified with silver nitrate A column 
containing 50 g of packing can, therefore, hold 1 g of 
heptenes for displacement, and the technique can be 
used for preparing pure materials at this level of sample 
size The specificity of the gas-solid elution columns for 
cis-trans isomers 18 found to be present in the strong 
interactions on the silver modified material, anda 15 ml 
charge of mixed 3-heptene isomers 1s separated into cts- 
and trans-fractions by displacement with l-octene In each 
case the fractions are recovered at better than 99 per cent 
purity. In order to obtain sharp displacement fronts, a 
sectional column is used having a 13 cm x 2 cm top 
section, 2 10 em x 1 em centre section, and a 18 em x 
4 mm bottom section, m each of which the packmg is 
retained by a sinter disk High surface area solids such as 
carbon and silica-gel have also been used for preparative 
scale separations The same apparatus holding 20 g of 
carbon 1s used to prepare ethyl propionate of better than 
99 9 per cent purty. In the large-scale separation of ester 
mixtures and of hydrocarbon mrxtures, 1t 1s found that 
at the change-over between pure components there 1s a 
high concentration of mmpurities together with a mixture 
of the two components flanking the change-over, and 
therefore the large-scale columns can be used erther for 
the preparation of high-purity components or for the 
concentration of trace impurities 

“The Analysis of Surface Coatmg Resins by Pyrolysis- 
Gas Chromatography” was the subject of a paper read 
by Mrs. § M. Rybicka, who emphasized the need for 
workers ın such fields to be thoroughly conversant with 
the techniques of both pyrolysis and gas chromatography 
She was of the opmion that many workers m the latter 
do not know enough about thermal pyrolysis to carry out 
vestigations on polymers in an efficient manner, and 
this can easily lead to erroneous conclusions Polymers 
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can be divided mto three maim types, depending on the 
amount of hydrogen they contain (a) those with a con- 
siderable amount, (b) those with a medium amount; 
(c) those with a ‘small amount These will give different 
products on pyrolysis The thermal fission of polymers 
may also take place m three ways (1) fission in the 
backbone of the chain which will give rise to free radicals 
which then become converted to stable compounds, (2) 
fission between the backbone and side groups, giving rise 
to double bonds m the cham, (3) highly cross-luked 
polymers, which give maimly carbonaceous material 
and a small amount of volatiles The second method 
gives products which are ideally suited to analysis by gas 
chromatography, but analysis 1s more difficult m the third 
group Pyrolysis may give some indication of the group to 
which a polymer belongs, but difficulties often arise when 
trying to discover what part the breakdown products 
play ın the origmal polymer. The ‘fingerprint’ technique 
of German workers may lead to considerable errors if the 
full rmplications of the results are not properly understood 
All results should be checked by mfra-red spectroscopy, 
which in many cases will give all the mformation necessary 
without recourse to gas chromatography at all The 
gas chromatographic technique should be properly used 
to give complete resolution of all the products obtamed, 
and the pyrolysis should be carried out under carefully 
controled conditions The thermal stabihty of polymers 
may be investigated by pyrolysis at various temperatures 
In summary, pyrolysis-gas chromatography can be a 
useful method of mvestigation, but ıb 1s best combmed 
with mfra-red spectroscopy or some other method ın order 
to confirm the products obtamed Care must also be 
taken to ensure that, so far as possible, the products of 
reaction are stabilized before secondary reactions occur 
Dr F H. Pollard presented a paper on ‘Gas Chromato- 
graphie Studies of Compounds of Group IV A Elements”, 
which detailed work carmed out on the chromatography 
of organo-silicon, —germanium, -tan and ~lead compounds. 
Most of the illustrative examples were from silicon, chemus- 
try, but many of the points made could have been quite 
easily taken from the chemistry of the tim compounds 
investigated In the exammation of such compounds, 
more specific problems occur than with the organic 
compounds of carbon itself, so that a general review of 
the factors hkely to be mvolved is of mterest The myjec- 
tion of the sample may follow the standard procedure, 
but if ıt 1s readily hydrolysed, oxidized, or spontaneously 
inflammable, then special precautions must be taken. 
‘Celte’ or ‘Silocel’ column supports often need acid-wash- 
ing treatment, and complete removal of the acid 1s very 
important, especially m the analysis of chloro compounds 
The stationary phase must obviously be mert to the 
compounds bemg analysed In general, silicone oils or 
hydrocarbons hke squalane or ‘Apiezon’ can be used. 
Other phases useful for specific purposes are (a) dinonyl 
phthalate; (b) tritolyl phosphate, (e) 60 . 20 100 diethyl 
phthalate silicone onl #301 ‘Cehte’, (d) stlicone onl with 
a polypropylene glycol 400 plug, (e) ‘Celte’ having 
nC, ,Hy3-groups bonded directly to ıt, (f) nrtronaphtha- 
lenes, which are particularly useful for lower chlorogilanes 
As detectors, the katharometer, flame ionization gauge 
and gas density balance have proved to be the most 
useful With the katharometer, there ıs a successive 
increase in molar response for the tetraalkyls of sileon, 
germanium, tm and lead, and also much less trouble than 
anticipated has been experienced owing to reactivity of 
compounds on the hot wire The best design of flame- 
lonization gauge 1s one in which the plates are vertical 
It has a high sensitivity and calls for very small samples, 
especially ın cases such as tetramethyl tin, trimethyl 
ethyl silane, and similar germanium, tin and lead com- 
pounds, where a saturation effect begins at a very low 
level This effect ıs thought to be due to actual ionization 
characteristics in the fame The gas density balance his 
been, found to be almost universal in 1ts application since 
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the corrosive gases encountered so frequently in work of 
this type do not come into contact with the electrical 
parts It ıs found, however, that usmg such heavy mole- 
cular weight compounds of low boiling point, Lnearity 
is not observed except at very low concentrations—an 
effect Wlustrative of the kind of difficulty which may be 
encountered with work on unusual compounds The gas 
density balance has also been used for phosphorous 
chlorides, lower members of the phosphonitrilic chloride 
series and for a range of phosphonitrilic fluorides The 
problems met in the gas chromatography of organo- 
metallic compounds are well illustrated by the work 
described The compounds were chosen carefully so that 
they were amenable to study in this way, coupled with 
other physical methods such as infra-red spectroscopy 
Not only has gas-liquid chromatography enabled the 
analytical separation of materials to be carried out, but 
there have also been points of correlation between chroma- 
tographic behaviour and structure Dr Pollard emphas- 
ized the importance of gas-hquid chromatography im 
work of this kmd, and advocated a bench-type chromato- 
graph for every worker as standard equipment The 
application of gas-hqwd chromatography to the groups 
investigated was well ulustrated by slides In the case of 
the tıımethyl silyl ethers, which hydrolyse easily and are 
thermally unstable on a katharometer wire, a maximum 
detector temperature of 150° C was used to preclude 
thermal breakdown, and the nitrogen carrer gas was 
carefully dried Although polyethylene glycol should be 
an ideal stationary phase for such a separation, the 
tendency to hydrolyse such compounds (which 1s virtually 
complete at 100° C) makes it necessary to use tritolyl 
phosphate or hydrocarbon phases which result ın some 
loss of peak symmetry The methyl chlorosilanes have a 
narrow boiling range, and become far more hable to 
hydrolysis as chlorine 1eplaces methyl The most satıs- 
factory stationary phaseis60 20 100 diethyl phthalate 

silicone oil #301 ‘Cehte Preliminary pyrolysis and 
catalytic studies have been carried out on the methyl 
chlorosilanes and the trmethyl aryl silanes, and also 
work on rearrangement reactions involving interchange of 
alkyl groups using aluminium chloride as catalyst In 
the latte: work, the number of alkyl groups used ıs such 
that ıt 1s possible to obtain 70 different products, many 
of which are isomeric and have closely similar boiling 
points Gas-hquid chromatography 1s virtually the only 
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effective analytical method for such mixtures, and m 
order to identify mdividual components, most of the 70 
possible compounds have been synthesized and their 
retention volumes determmed Gas-liquid chromato- 
graphy is also used for preparative work In conclusion, 
Dr Pollard paid tribute to similar work being carried out 
independently by the Oxford Group under Mr C S Q. 
Phillips, and was able to report the good relationship and 
co-operation which exist between the two Groups 

The last paper, on “Polymer Pyromania”’, by C E. 
Roland Jones and G E J Reynolds, was presented by 
Dr Reynolds He emphasized the widespread nature 
and application of polymers, and that pyrolysis combined 
with gas chromatography provided a useful method for 
analysis and mvestigation He distinguished between 
pyrolysis, by which he meant complete degradation to 
fragments, and stoving, which 1s a partial pyrolysis useful 
in thermal degradation mvestigations The advantages 
of the technique are its speed, sumplicity and the use of 
small samples, but the imterpretation of the results 
obtained ıs not always easy Very httle work has been 
done in the quantitative field, and stringent conditions are 
necessary im order to obtain reproducibility of results. 
Four criteria are necessary to ensure this (a) pyrolysis 
must be rapid and complete, and optimum conditions 
must be secured in order to obtain this, (b) there should 
be a large heating area in relation to the sample, and the 
temperature rise should be as rapid as possible—the usual 
conditions used by Dr Reynolds were 700° C in 3 sec, 
(c) the possibility of gaseous diffusion must be kept to a 
minimum, (d) condensation of the products must be 
avoided Sample size 1s also very important and various 
workers have used samples varying from 10 mg to 20 ug, 
depending on the type of sample and ease of pyrolysis. 
It would seem that a thin film of sample is the most 
desirablo form for rapid pyrolysis, although other forms 
have been used Gas chromatography for the identifica- 
tion of breakdown products should be supplemented by 
infra-red and ultra-violet analyses, and the products 
should be removed from the unit as quickly as possible 
to avoid secondary reactions takmg place Slides of the 
pyrolysis umt and chromatograms of the breakdown 
products of various polymers were shown It was noted 
that the ‘fingerprint’ system mentioned by @ previous 
speaker could, ın some ceses, be a useful means of ident- 
fication C E H KNAPMAN 


ADVANCES IN PROGRAMMING AND NON-NUMERICAL ANALYSIS 


A FEW years ago a digital computer was regarded 
simply as a device which could do difficult sums very 
fast—given the good offices of someone versed in the 
black arts The magical intermediary, the programmer, 
translated one’s problem at great length mto a special 
form of gibberish, known as ‘machine code’ The final 
programme typically bristled with flights of hair-raising 
ingenuity, acquired in years of struggle with acute shortage 
of machine time and storage space 

The situation is rapidly changing The advent, first of 
‘autocodes’, and more recently of advanced programming 
languages, makes ıt mereasingly possible for the user to 
describe his problem in terms which come naturally to 
the human mind and to leave ıt to the machine to translate 
his description into its own terms Secondly, the enormous 
merease in speed and storage of the new generation of 
machines largely liberates the user from cramping pre- 
occupations with time and space Finally the jomt mmpact 
of these two developments 1s not only enlarging the power 
and range of the discipline known as ‘numerical analysis’ 
—the art and science of domg difficult sums—but has also 
thrown open the new territory of non-numerical analysis 
Here the problems do not present themselves in primarily 


numerical form and demand an approach based mainly 
on logical rather than on numerical manipulations 

One of the ways in which the University of Oxford 
Computing Laboratory, under the directorship of Dr L. 
Fox, has responded to these developments has been by 
organizing a summer school on the theme “Advances 
m Programming and Non-numerical analysis” The 
course, which occupied the two weeks August 26- 
September 6, consisted of a series of somo thirty lectures 
contributed by a panel of ten speakers In the first 
lectures, the general theme of the course was outlned 
by Prof S Gul (Manchester College of Technology and 
Ferranti, Ltd ) and the scope of the new non-numerical 
applications of computers was indicated Some of these 
belong to areas dominated by the immediate practical 
need for automatic aids, such as machine translation or 
medical diagnosis For others, such as the discovery 
of new mathematical proofs, immediate utility 1s 
negligible, but the long-term impact on human thought 
and life 1s mposstble to calculate 

Theorem-proving was taken by one of the speakers, 
D C Cooper (Bloomsbury Computers, Ltd ), for detailed 
survey, ranging from ‘heuristic’ techniques as utilized by 
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the Rand Corporation group! to Hao Wang’s recent 
systematic assault on the predicate calculus? Other 
selected topics were algebraic manipulation (P M 
Woodward, Royal Radar Establishment, Malvern), game- 
playing and automatic learning processes (D. Michie, 
University of Edinburgh) and information retrieval, 
machine translation and the mechanical construction 
of time-tables (R M Needham, University of Cam- 
bridge) 

Discussion of these applications, sampled from the 
rising flood of non-numerical analysis, sufficiently revealed 
the acute dependence of such work on development of 
more powerful programming languages It was natural, 
therefore, that the lectures on programming, delivered by 
C Strachey and D W Barron, formed the backbone of 
the course The ground was prepared by an introductory 
account by Dr Woodward of the nature of LISP, 
the prototype of the LISt-Processing facilities which 
are now seen as virtually mandatory features of a pro- 
gramming language if 161s to lend itself to non-numerical 
work 

The talks which followed conveyed a special atmosphere 
of immediacy in being based on the present effort, now in 
full swng i Cambridge and London, to construct a 
language which promises in all respects to be one of the 
world’s most advanced, namely, CPL (Combined Pro- 
gramming Language)? It was an exciting experience 
to be taken behind the scenes and shown work in progress 
in what 1s in effect a new, and potentially major, branch of 
mathematics 

The relation of computational processes to the abstract 
formulations of mathematical logie was expounded by 
P Landi’. who has based his ideas on the d-caleulus of 
Church More practical problems of :mplementation 
were dealt with mn lectures by J M Foster (Royal Radar 
Establishment, Malvern) and J K Iliffe (Ferranti, Ltd ) 
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The digital computer 1s a device for handling informa- 
tion So long as its sphere of operation ıs restricted to the 
type of information which lends itself to direct numerical 
expression, the term ‘electronic bram’ will remain a 
misnomer But the increasing deployment into non- 
numerical applications is begimnmg to change the look 
of thmgs Concern has even been expressed—and on 
Dr L Fox’s mitiative this became a subject of lively 
discussion at the summer school—at the social dislocations 
to be expected ıf not only manual labour but intellectual 
labour too 18 to be taken over by machines 

If first workmen and craftsmen, then clerks, and ultim- 
ately business executives, military strategists, medical 
diagnosticians, school teachers, political and economic 
planners, lexicographers, linguists, and even perhaps 
mathematicians themselves are to be swept aside as 
outmoded instruments in successive waves of the ın Jus- 
trial revolution, What part will remain for Homo sapiens ? 
In the controversy provoked by the question, only two 
pomts of unanimity could be discerned (1) that it was 
right that computer scientists should from time to time 
give some thought to the social rmpact of their bram- 
children, (2) that an all-out national effort is called for 
to expand and mmprove our educational system in an 
attempt to keep pace with the technological explosion 

The lectures are being collected together with the nten- 
tion of publishing them in book form The book will be 
edited by Dr Fox, who, together with his co-sponsors 
Prof Gill and Mr Strachey, planned this venture and 
piloted ıb to its successful conclusion D Mirc 


1 Newell, A , Shaw, J O ,and Simon, H A , Report P-951, Rand Corporation, 
1957 


2 Wang, H , The Bell System Tech J ,40 1 (1961) 
8 McCarthy, } Comm AC M ,3, 184 (1980) 


4Barron, D W , Buxton, J N , Hartley, D F , Nixon, E , and Strachey, C , 
The Computer J , 6, 134 (1963) 
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A ROCKET-BORNE LOW-FREQUENCY PROPAGATION EXPERIMENT TO 
DETERMINE D-REGION ELECTRON DENSITIES 


By Da J. E. HALL 


Radio Research Station, Department of Scientific and Industrial Research, Ditton Park, Slough, Bucks 
AND 


K. BULLOUGH 


Department of Physics, 


HIS article presents the prelimmary results of a 

rocket experrment designed to determme the height 
distribution of electrons in the D-region of the 1onosphere 
Two Skylark rockets were successfully flown at Woomera, 
Australia (137° E, 31° S, magnetic dip 63°), at 1351 
LMT on September 20, 1962, and at 0050 LMT on 
August 15, 1962 In this article the results of the day-time 
experiment are presented A contmuous wave of fre- 
quency 202 ke/s was transmitted from the ground and, 
m the lower ionosphere, was subject to refraction, absorp- 
tion, reflexion and changes m polarization The am of 
the experiment was to send a rocket through the resulting 
wave pattern to measure the variations m field strength, 
and hence to deduce the ionospheric parameters 


The transmitter delivered approximately 500 W to a 
horizontal half-wave dipole aerial supported 10 m above 
the ground but, owmg to ground losses, the effective 
radiated power was only about 10 W The rocket was 
equipped with three mutually perpendicular receiving 
aerials which were carried, folded, mside the nose cone 
durmg the early part of the flight when aerodynamic 
forces were great At a height of 67 km the nose cone 
was discarded and the aorials deployed to form two 
dipoles of length 43 m perpendicular to the rocket’s 
axis and a monopole which, together with the instrument 
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section of the rocket, formed a longitudinal dipole of 
similar length These acrials were necessarily very short 
compared with the wave-length, and consequently had a 
large capacitive impedance which depended on the 
properties of the ionosphere To obtam an accurate 
measurement of the wave-field mdependent of the aerial 
impedance, ıt was necessary to use receivers with a very 
large mput impedance 

Three separate receivers were used, and, by means of 
telemetry, a recerd was made on the ground of the 
amplitudes of the received signals Fig 1 shows a section 
of the record obtained The orientation of the rocket was 
continuously changmg during the flight and the cor- 
responding changes in the EMF received on any one 
aerial obscured those caused by the amphtude variations 
of the wave-field for example, the deep minima ın the 
records of Fig 1 were produced when the corresponding 
aerial was perpendicular to the electric field m the wave 

When. the preliminary analvsis reported here was made, 
the attitude of the rocket throughout the flight was un- 
known, and a scalar field quantity F = fH? + E? + Ex, 
which was mdepondent of the attrtude, was formed from 
the EM¥Fs E, E, and E, received on the three acrials 
This quantity F 1s plotted on a log scale in Fig 2 as a 
function of height From this curve ıb 18 noticeable that: 
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Fig 1 The height variation in the signal amphtude received on three 
orthogonal aerials 


(a) 1onospheiic absorption causes the wave amplitude to 
decrease by a factor of ten between 70 and 80 km, (6) 
above 80 km the reflected wave was strong enough to pro- 
duce a well-defined standing wave, (c) the wave-length of 
the standing wave increased with increasing height as the 
1efractive undex of the ionosphere decreased, (d) total 
reflexion occurred at a height of about 89 km 

The results were mterpreted in the following way <A 
horizontally stratified model ionosphere was postulated in 
which both the electron concentration and collision fre- 
quency varied with height This was used to calculate 
the wave-field which would be set up ın the 1onospheie 
by a plane wave with the polarization of the transmitting 
aerial and meident along the hne of sight from the trans- 
mutter to the rocket ‘The calculation was made using the 
method described by Pitteway? and 1s based on a full- 
wave solution of the wave equation The model ionosphere 
was 1epeatedly adjusted until ıt yielded results closely 
resembling those deduced from the experiment 

In practice ıt was often helpful to use the simpler ideas 
of magneto-ionic theory as a guide when fitting the 
measured field For example, as preliminary calculations 
had shown that the most important reflexion was near the 
level where X = 1 + FY (the symbols have their usual 
meaning, see ref 2), 1t follows that the electron density 
at the reflexion height was about 4,300 cm-? Further- 
more, the roots of the Booker quartic could be used to 
calculate the spacing between the maxima and minima 
of the standimg wave pattern and so give on approximate 
profile suitable for use in the initial full-wave calculation 

The reflexion height and the spacmg between maxima 
and minima depend on the real part of the refractive 
index which 1s fairly msensitive to the value of the collision 
fiequency, but, to fit other features of the wave-field, ıt 18 
necessary to know the effective collision frequency ver as 
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a function of height (ver 18 the collision frequency appro- 
priate to the Appleton—Hartree equation) To obtain 
this, the theoretical relationship vey oc p T, where p and 
T are the density and temperature of the neutral air’, 
has been used, and p and T have been taken from the 
1961 Cospar International Reference Atmospheres The 
constant of proportionality was obtamed from the present 
observations as follows The depth of modulation in the 
standing wave pattern near the reflexion-level depends 
on both the collision, frequency and the gradient of elec- 
tron density As the latter had been determined from the 
spacmg of the pattern, the collision frequency which 
produced the correct modulation depth was easily found 
after a fow trials of the full-wave programme Molmud® 
also shows that the ratio between ver and the simple 
kinetic theory value, v, depends on whether v ıs greater 
or less than the angulai wave frequency As these become 
equal withm the height interval of interest, ver has been 
allowed to vary smoothly from one lmuiting value to tho 
other between 75 and 95 km The height-distribution of 


200 


100 


20 


Measured field F (uV/m) 


10 i 


or 


70 75 80 8o 90 
Height (km) 
Fig 2 Observed scalar field F = VE. + Ep + £, versus height 
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Fig 3 The height variation m the effective collision frequency, rf, 
at 202 ke/s 


644. 


f PROBABLE ERROA 


x 
ao 


Height (km) 
[t a] 
kan 


“2 
on 


70 


0 1,000 2,000 3,000 
Electron densify (em) 


Fig 4 Height variation of electron density deduced from the rocket 
expermnent 
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the effective collision frequency at 202 kejs which has 
been used in these calculations 1s given m Fig 3 

The most successful electron density model ıs shown m 
Fig 4 and the theoretical variation of the scalar field F, 
calculated using this model, is given by the contmuous 
lne in Fig 5 This can be compared with the observed 
variation mdicated by the dotted hne An interesting 
feature of the height-distribution is the contrast between 
the steep gradient of electron density above 84 km and 
the smaller vanations below. We cannot attach too great 
a significance to the small fluctuations m electron density 
below 84 km since the estimated ‘error in the density 
(+ 150 cm) 18 of similar magnitude However, the 
experimental results correspond more closely to the wave- 
field calculated usmg the curve of Fig 4 rather than to 
the wave-field calculated from a smooth curve which 
ignores the fluctuations 

A more detailed analysis of the results will be possible 
when information 1s available about the attitude of the 
rocket and, m particular, a knowledge of the polarization 
changes occurring below 80 km should lead to a more 
accurate estimate of the electron concentration at those 
heights 

A rocket experiment such as this mvolves too many 
personnel to mention individually, but we thank those, 
in Brtam and m Austraha, who have been concerned with 
the preparation of the equipment, the launching of the 
rocket and the reduction of the data 
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Fig 5 Contimuous Ime, calculated height variation of the scalar field 
F for the electron collision frequency and electron density profiles of 
Figs 3and 4, dotted line, observed height variation of the scalar feld F 


The work described here was carried out as part of the 
programme of the Radio Research Board, and this com- 
munication is published by permission of the Director of 
Radio Research of the Department of Scientific and 
Industrial Research 
1Pitteway, M L V, Proc Roy Soe (um the press) 

t Ratchffe, J A , Magneto-onic Theory, 7 (Camb Univ Press, 1959) 


3 Molmud, P , Phys Rev ,114, 29 (1959) 
‘ i aaa Reference Atmosphere (North-Holland Publishing Co , 


OXYGEN ISOTOPIC FRACTIONATION IN THE WATER OF 
CRYSTALLIZATION OF GYPSUM 


By Dr. R GONFIANTINI and J. C FONTES* 
Laboratorio d! Geologia Nucleare del CNEN, Pisa 


HE isotopic composition of the water of crystalhza- 
tion of gypsum samples can provide mformation of 
geochemical and geological mterest For the correct 
understanding of such isotopic data, it 18 necessary to 
know the fractionation factor between the water of crystal- 
lization of the gypsum and the water m which the gypsum 
1s deposited Here, we give some results on the experi- 
mental determimation of this fractionation factor At 
present they are Imuted to 180/40 measurements, but 
this research will be extended to D/H measurements 
The oxygen isotopic composition of water samples was 
determimed by equlbratmg them with carbon dioxide 
at 25° C, and then analysing the carbon dioxide with a 
mass spectrometer Atlas M86 The isotopic results are 
expressed in terms of difference ın parts per mul (8180) 
of the 180/160 ratio m the sample and m the ‘standard 


* Present address Laboratoire de Géographie Physique et de Géologie 
Dynamique & la Sorbonne, Paris 


mean ocean water’ as defined by Craig! The standard 
error of the isotopic measurements of water 1 +01 
516Q units for samples not too different from the workmg 
standard, as m this case 

The water of crystallization was extracted by slowly 
heating the gypsum sample (20-30 g) under vacuum to 
400° C m a ‘Pyrex’ vessel, and water was trapped at hqud 
nitrogen temperature Usually, with commercial pure 
crystalline calcium sulphate or with optically pure natural 
gypsum, yields of 100 per cent were obtamed With other 
natural samples, yields were usually lower, depending on 
the amount of umpurrties 

The reproducibility of the isotopic measurements of 
water of crystallization has been tested using a commercial 
pure crystalline calcium sulphate (product of © Erba RP) 
and on optically pure natural gypsum Four samples of 
the former gave respectively the followmg results (in 
SO) —44, —4 5, —4 6, —46 (average —45) Ten 
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samples of the latter gave the following results (in 8'8O)- 
—36, —3 6, —3 8, —39, —39, —40, —41, —4-1, 
—42, —42 (average —3 9) respectively. On the basis 
of these results, we assume that the isotopic measure- 
ments of water of crystallization are affected by an error 
of +03 #40 units 

Isotopic exchange between oxygen of the sulphate and 
oxygen of the water of crystallization can be excluded 
during the extraction process In order to prove this, two 
different tests were made 

In the first, anhydrous calcrum sulphate was mixed 
with water of known isotopic composition m the same 
proportion with regard to the sulphate as ın the gypsum 
Afterwards, water was extracted m the method described 
here, as from a gypsum sample This water preserved rts 
original isotopic composition, not showing any appreciable 
exchange with the oxygen of the sulphate 

In the second test 71 g of anhydrous calcrum sulphate 
were converted mto gypsum at room temperature with 
100 ml of solution of 0 5 M sodium sulphate, following the 
method of Conley and Bundy*. The results of the isotopic 
analyses were (in 5!®Q) : water before gypsification (100 
ml), —71, water after gypsification (812 ml), —8 3, 
wate of crystallization (188 ml), —18 ‘The isotopic 
balance existing between the first and the last two waters 
excludes any exchange with the oxygen of the calcium 
sulphate? 

For the determmation of the isotopic fractionation 
factor between water of crystallization of gypsum and 
water in which the deposition occurs, two sets of experi- 
ments were carried out 

(1) The am was to obtain gypsum by evaporation of 
an aqueous solution of calcium sulphate keepmg the 
isotopic composition of the water constant during deposi- 
tion, 

From the reservoir 1 (Fig 1) distilled water was admitted 
m the contaimer 4 through the flask 2, on the top of which 
the overflow 3 was fixed The water in 4, stirred by the 
magnetic starrer 5, was evaporated usung the infra-red 
lamp 6, the level of the water bemg kept constant by 
means of the overflow During the process, the tempera- 
ture was periodically checked and ıt was found to be 
constant to about + 1° C 

After about 100 h, the isotopic composition of the water 
in 4 attamed a constant value (Fig 2) When this 1sotopic 
steady state was reached, a solution of calcium sulphate 
(obtained by dehydration of pure gypsum) was introduced 
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Fig 1 Apparatus for preparing gypsum by evaporation of a calclum 

sulphate solution with constant isotopic composition 1, reservoir, 

2, flask with overfiow 3, 4, cones 5, magnetic stirrer, 6, mnfra-red 
amp 
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Fig 2 Isotopic composition of water in the container 4 during the 
experiment illustrated in Fig 1 Open circles, before the beg g of 
the crystallization of the gypsum, filled circles, durmg the crystalliza- 
tion of the gypsum 
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ito | and after some hours gypsum began to crystallize 
m4 Durimg crystallization, the water in 4 showed a fairly 
constant isotopie composition (Fig 2) 

When a sufficient amount of gypsum was obtained, 1b 
was filtered and dried, and 1ts water of crystallization was 
extracted and analysed for its 180/160 ratio Isotopic 
results of two experiments at 57° and 47° C are given 
m Table 1 
Table 1 OXYGEN FRACTIONATION FACTOR BETWEEN WATER OF CRYSTAL- 

LIZATION OF GYPSUM AND MOTHER-WATER 


Oxygen isotopic composition 
(8*0) 


Temperature 
°C Method Water of Mother- a 
crystallization water 
57 i +127 +95 100382 + 0 6006 
47 i +142 +113 1 0029 + 0 0006 
37 il —33 —7 2 1 0039 + 0 0004 
25 il —33 —74 10041 + 0 0004 
20 ìl -3 2 —7 2 1 0040 + 0 0004 
17 ll -33 -72 10089 + 0 0004 


1, Method by evaporation im isotopic steady state, u, method of gypsi- 
fication (ref 2) 

Error for experiments following the method (1) 1s Ingher, due to the 
fluctuations of the isotopic composition of the evaporating water 


(2) For lower temperatures the preceding technique 
would require too much time because of the low evapora- 
tion rate For this reason, we followed the method of 
gypsification proposed by Conley and Bundy? 

About 30 g of anhydrous calcium sulphate were con- 
verted to gypsum by strrmg with about 1,000 ml. of 
solution of 05 M sodium sulphate ın a closed vessel (to 
prevent evaporation) As catalyst of gypsification, sodium 
sulphate was preferred to potassium sulphate because in 
the hydration sphere of Nat no isotopic fractionation 
occurs m relation to the solvent‘, so that no disturbances in 
isotopic composition of the solvent are expected 

The temperature was kept constant by a thermostatic 
bath After 24h the conversion was complete, the gypsum 
was filtered and dried, and its water of crystallization 
was extracted and analysed Experiments have been 
made at 37°, 25°, 20° and 17° C, and the isotopic results 
are given m Table 1 

In both methods, the purity of the gypsum was checked 
by X-ray diffractometry, practically 100 per cent purity 
of gypsum was obtained 

The fractionation factor « 1s defined as 

(220/20 Jew 1000 + Osv 
*=(20)"O\my 1000 + 8*”Onw 

(ew, water of crystallization , mw, mother-water) 

The two methods of preparation of gypsum give slightly 
differont values of « im the first one we found 1 003, 
while in the second one 1004 Taking the errors mto 
account, we cannot determine with any degree of certainty 
whether the foregomg difference can be attributed to a 
temperature effect on the «-value in the temperature range 
m which the experiments have been carried out however, 
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this effect would be little and, m any event, would be con- 
tained in the experimental error 

Our results show that the water of crystallization of 
gypsum 1s enriched ın heavy isotopes in relation to the 
water m which gypsum was deposited This can be 
explamed admitting that the crystallization water of 
gypsum ıs related to the water of the hydration sphere of 
Cat+, which is presumably enrmched ın heavy oxygen 
isotope mn relation to the solvent, becauso of the difference 
in. vibiation frequencies of the two isotopic forms of water 
along the bonds formed between water and cation‘ 

The «-value found by us 1s in good agreement with that 
reported by Baertschi', who found œ = 1 0035, but 
disagrees with the data reported by Teis®, who found that 
water of crystallization was depleted ın heavy oxygen 
content m gypsum samples obtamed chemically from 
solutions of calc1um chloride and sodium sulphate This 
method did not give us reproducible results, and ıb was 
abandoned. Nevertheless, we should lke to pomt out 
that ın seven experments of this kind, we found «-values of 
1 0069-1 0029, always showing an enrichment in oxygen-18 
in the water of crystallization 

Assuming, on the basis of results reported m Table 1, 
that « 1s constant in the range of temperatures m which 
gypsum deposition occurs m Nature, 1b becomes possible 
to deduce from isotopic analyses of the water of crystallhiza- 
tion the isotopic composition of the water m which 
gypsum has been deposited This can provide some impor- 
tant data on the environmental conditions of deposition 
in fact, the isotopic composition allows one to distinguish 
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fresh waters from marme ones and to obtain mformation 
on the evaporation 
Two facts have to be taken into account 
(1) Gypsum could have been dehydrated and rehydrated 
dung its geological history m such a case we are only 
deahng with the rehydration water which will probably be 
a meteoric one 
(2) Isotopic exchange can occur with meteoric water 
percolating in the gypsum deposit Information about the 
kmetics of this exchange reaction is reported by Teis‘* 
These difficulties can be overcome m some cases by a 
comparative exammation of the isotopic composition of 
the gypsum water of crystalhzation and of the lmestone 
associated with gypsum deposits, and utihzmg all the 
available geological data From a study of this kmd on 
the well-known gypsum of Paris, the origm of which was 
still under discussion, 16 was found that the fossil basın 
where deposition occurred was suppled by fresh water’ 
This work was carned out under contract with EURATOM 
—ULB—CONEN, No 013-61-7 AGEC 
? Craig, H , Science, 133, 1833 (1981) 
2 Conley, R F , and Bundy, W M , Geochim et Cosmochim Acta,15, 57 (1958) 
3 Fn this experiment the observed value of the frachonation factor 
was 106065, higher than in the other cases reported in Table 1, this 
could be due to the small amount of water im proportion to the ealetum 
sulphate and to the bad stirring of the resulting mixture This could 


perhaps be responsible for the fact that isotopic equilibrium between 
gypsum and the mother-water was not completely attamed 
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FRACTURE OF LIQUIDS IN SHEAR 
z By J F HUTTON 


‘Shell’? Research, Ltd , Thornton Research Centre, PO Box l, Chester 


OLIDS fracture in both tension and shear, and 16 1s 
generally accepted that liquids fracture in tension 
(an effect referied to as cavitation) but not in shear For 
some years 1t has been recognized that an instability 
occurs during the flow of non-Newtonian visco-elastic 
materials, for example, in the flow of molten high molecular 
weight polymers through tubes! and in cone-and-plate 
viscometers’, and in the flow of soft bitumens’? and silicone 
fluids‘ in cone-and-plate viscometers The purpose of this 
article ıs to present experimental results which, when 
interpreted in conjunction with a sumple theory, demon- 
strate that liquids can fracture in shear The experi- 
ments were carried out on silicone fluids in two types of 
cone-and-plate viscometer 
Fig 1 shows a typical set of results obtained with the 
Ferranti-Shirley cone-and-plate viscometer’ The material 
is MS 200/30,000 silicone fluid (a polydimethylsiloxane 
manufactured by Midland Silicones) which has & wis- 
cosity at 30 0° C of 288 poise at low rates of shear In 
an experiment the rate of shear was maintained constant 
and. the shear stress was determined as a function of time 
Expermments were carried out using the different values of 
rate of shear shown on the right of the diagram It 1s 
seen from the figure, ignoring for the moment the dotted 
curves, that as the rate of shear increases from the lowest 
value of 184 sec-! the shear stress increases The stress 
increases less than proportionately to the shear rate, 
showing that the silicone 1s non-Newtonian At rates of 
shear below 900 sec-! the stress 1s stable for at least 5 min 
shearing, but over the relatively narrow range of 900- 
1,000 sec? there ıs a marked transition from stable to 
unstable flow The instability ıs revealed as a fall in shear 
stress the higher the rate of shear the shorter the time 
lapse before the fall occurs and, possibly, as indicated by 
other experrments, the greater the fall When the shear 
stress nears equilibrium it oscillates considerably The 


vertical lines on the curves indicate the extent of the 
oscillation 

Explanations of the fall in shear stress are usually m 
terms of thixotropy or of structural breakdown?3, with 
the implication that the extent of breakdown 1s umform 
throughout the sample The results to be presented here 
show that uniform breakdown 1s unhkely The break- 
down 1s belreved to be localized on a conical fracture 
surface which starts at the periphery of the sample and 
grows radially mwards The shear stress falls because 
the effective shearmg radius decreases as the fracture 
grows 


Rate of shear (see?) 





Shear stress Pi (10' dynes/cm"*) 


i <-368 after 1,060 
| <—368 after 1,200 


0 1 2 3 4 5 
Time of shearmg (mia) 


Fig 1 Shear stress as 2 function of time, illustratimg the onset of flow 

instability and the recovery during stable flow after a period of unstable 

flow Ferranti-Shirley viscometer, 1/3° angle, 1cm radius cone, 300°C, 
MS 200/30,000 silicone 
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Since the silicone fluid 1s a liquid, the fracture would be 
expected to heal at stresses below the transition The 
dotted curves in Fig 1 show the manner ın which the 
stress increases after the rate of shear has been rapidly 
reduced from 1,060 sec-? and 1,200 sec- to 368 sec-1 
The stress in each case recovers completely to the normal 
equilibrium value corresponding to the rate of shear of 
368 sec"? Molten polyethylene also shows such a stress 
recovery” 

At still higher rates of shear the sample aerates and ıs 
thrown out of the shearing zone In this event recovery 1s 
not observed, 

Near the point of instability the Weissenberg effect ıs 
quite pronounced, the excess hquid around the viscometer 
cone climbing a little way up the outside of the rotating 
cone In addition, the normally curved meniscus of the 
excess liquid divides mto two, one enclosing a collar 
of liquid on the cone and the other onclosmg a bank of 
hqud on the stationary plate This division suggests 
fracture With large diameter (75 cm), large-angled 
cones (1° angle between the cone surface and the surface 
of the flat plate) the gap between the shearing surfaces 
at the periphery of the cone ıs large enough to permit 
the observation of a division of the liquid mside the main 
shearing zone 

The temperature rise of the hquid measured at the 
suiface of the stationary plate is neghgibly small, thus 
indicating that the observed fall of stress 1s not due to 
heating effects Tests with the near-Newtoman liquid 
treacle, having a viscosity of about 150 poise at 30° C, 
also prove that viscous heating plays no part Treacle 
shows no fall of stress at power dissipations of up to three 
times that at which a silicone of similar viscosity fractures 

Nor ıs the effect due to turbulence Low viscosity 
Newtonian mineral oils can be tested in the cone-and-plate 
viscomoter without turbulence at Reynolds numbers 
many orders higher than the Reynolds numbers at which 
the silicone fluids fracture 

Rather, the effect appears to be one of fracture, and the 
observation of a Weissenberg effect indicates that ıb 18 
Imked with the elasticity of the hquid The followmg 
theory 1s based on these conclusions 

An elastic solid in a state of strain possesses elastic 
energy which is released when the solid is allowed to 
recover Simularly a visco-elastic liquid in a state of flow 
possesses elastic energy, and when the shear ıs stopped, 
the liquid recoils because of the release of this energy 
It 1s postulated that when the total elastic energy con- 
tained in the sheared sample of liquid exceeds a critical 
value the liquid will fracture, and that the fracture surface 
in & cone-and-plate viscometer 1s a cone with apex com- 
cident with that of the viscometer cone It ıs further 
postulated that fracture will occur only when the total 
elastic energy 1s at least sufficient to supply the energy 
requirement of the new surface formed Therefore fracture 
will occur when 
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fG82V/2 > 2nR*y (1) 


where Gis the shear modulus, Se, the recoverable elastic 
shear strain and y, the surface tension of the liquid, V 1s 
the volume of the sample, determined by the cone radius, 
R, and angle ọ, f 1s a fraction representing the part of the 
elastic energy which 1s converted to surface energy For 
the uniform lammar shearing motion obtamimg in & cone- 
and-plate viscometer there is a choice of expressions for 


G and Se Jobling and Roberts? quote Weissenberg’s 
theoretical results as follows 

G = PiP = P22) (2) 
and 

Se = (Pir T Paa) Pie (3) 


where (Pir — Pa) 18 the normal stress difference and 
Pz 18 the shear stress acting in the liqud Both are 
measurable 
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However, Lodge’, on the basis of his network theory, 
calculates the values 


G = 2P.7j(Pir — Pas) (4) 
and 
Se = (Pi a Poa) /2P ie (5) 


Substitution into equation (1) leads to the result that 
fracture will occur when 


(Pi, — Pr) > ny/Ro (6) 


where n 18 6/f or 12/f depending on whether the Weissen- 
berg or the Lodge theory 1s used 

For a hquid in Newtonian flow the elastic energy 18 
zero (Pii — Pa) 18 zero and fracture in shear does not 
occur For a hquid that behaves visco-elastically (Pi, — 
P.) increases with rate of shear and fracture will begin to 
be observed at the critical value grven by 

(Pir — Parle = ny/Ro (6a) 

The shearımg must be allowed to continue sufficiently 
long for the equilibrrum theory to apply 

Preluminary results have been obtained to prove the 
vahdity of the theory For polydimethylsiloxanes of 
1 poise viscosity and gieater, y 1s practically independent 
of molecular weight and hes between 21 and 22 dynes/cm 
(say, 21 5 dynes/cm) (ref 8) The equation (6a), therefore, 
predicts that all higher molecular weight polydimethyl- 
siloxanes will fracture at the same critical normal stress 
difference It also predicts a linear relationship between 
(Pir— P22) and 1/Rq The results given in Table 1 were 
obtained with the Ferranti-Shuley cone-and-plate visco- 
meter on which only the shear stress Pi» but not the 
normal stresses, can be measured Results are given 
for the smallest shear stresses at which fracture was ob- 
served in a 5-min shearmg period In making the meas- 
urements care was taken to remove excess hquid round the 
cone ‘The effect of excess liquid was to imerease the 
critical fracture stress to an extent that mereased with 
decrease in cone 1adius On the other hand, the amounts 
of excess liquid mvolved had no influence on the shear 
stresses The curvesin Fig 1 were obtained with a small 
excess of test hquid, and they indicate a critical fracture 
stress of about 12 x 10! dynes/cm?, whereas the correct 
value (Table 1) 18 80 x 104 dynes/em* Results are 
estimated to be accurate within about 10 per cent The 
low values for MS 200/100,000 are significantly different 
from the values obtained for the other three fluids 
According to measurements made by Benbow and Howells® 
the values of (P,, — P) corresponding to shear stresses 
in the range 5 0-60 x 104 dynes/em? he between 3 5 
and 50 x 104 dynes/em? This correspondence, to a first 
approximation, 1s not dependent on molecular weight or 
temperature Similarly, the shear-stress range 7 0- 
85 x 104 dynes/cm? corresponds to a normal stress range 
of about the same values, say, 7-0-8 5 x 104 dynes/cm? 

Hence the predictions that the critical normal stress 
difference 1s independent of molecular weight but depend- 
ent on Rp are supported 

Normal stresses have been measured on the 2,000- 
poise silicone in the Weissenberg rheogoniometer®:* The 


Table 1 SHEAR STRESSES AT THE ONSET OF FRACTURE FOR SILICONE 
FLUIDS IN THE FERRANTI-SHIRLEY VISCOMETER (Temp 300°C) 


Silicone fluid Shear stress at fracture (10' dynes/cm?) 


viscosity 
(porses) 


MS 200/12,500 108 5 5 
MS 200/30,000 288 : 
6 


Designation cone 


Zero shear R=2 0 cm R=1 0 em 
Medium Small 5 
= 0 00603 = 0 00608 
| j rad cone i rad 


MS 200/100,000 944 
MS 200/200,000 | about 


2,000 
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rate of shear 1s adjustable ın merements of about 25 per 
cent on this instrument, so the onset of fracture cannot be 
exactly pinpomted In the results given in Table 2 the 
observed limits of normal stress difference correspond to 
rates of shear at which fracture was and was not observed 
after 5-mm shearing. No detailed assessment has been 
made of the accuracy of these results 


Table 2 NORMAL STRESS DIFFERENCES AT THE ONSET OF 
FEACTURE OF MS 200/200,000 SILICONE FLUID 1N THE 
WRISSENBERG RHEOGONIOMETER (TEMP , 20° C) 


Normal stress difference 
(10: dynes/em?)} 


0 018 26 35 
0 033 040 055 


@ rad 





To find the dependence on Rọ, values of (Py, — Prale 
are plotted against 1/Rọ ın Fig 2 ‘Thuis figure meludes 
the results in Table 2 and those m Table 1 converted by 
means of Benbow and Howells’s results, the validity of 
the conversion bemg supported by our own results on the 
2,000-poise fhud 


ee ‘ll 


ran 
© 


(Pa — Pose (104 dynesjem’}) 
Qi 





1/Rẹọ (cm) 


Fg 2 Variation of critical normal stress difference at fracture with the 
product of cone radius and angle tor siheone fluids ın cone-and-plate 
viscometers 
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The hnear relationship predicted by equation (6a) 1s 
seen to hold reasonably well over a 20-fold range of values 
of Ro From the slope and surface tension, n 1s found 
to be about 24 Therefore ıt follows that fracture will 
occur when the elastic energy possessed by the lhquid 1s 
about four times, by Weissenberg’s theory, or twice, by 
Lodge’s theory, the free energy needed for forming the new 
air/liquid interface 

Thus, the concept of a limit of elastic shear energy for a 
hquid has led to a theory that predicts the conditions 
for the onset of flow mstability of silcone fluids in cone- 
and-plate viscometers The equations developed contain 
uncertam terms Thus, there is uncertamty about the 
choice of theory to calculate the elastic shear energy, the 
choices available leading to a difference of a factor of 
two There is uncertainty also about the fraction of 
elastic energy avaiable for forming the fracture surfaces 
However, by combining these uncertamties mto one 
adjustable dimensionless number, an equation 1s obtained 
which, after calibration to determine the number, can be 
used to predict quantitatively the fracture conditions 

A. practical use for the theory ın the laboratory hes 
in. the selection of a viscometer cone that will permit the 
measurement of viscosity over the widest possible range of 
shear rate In choosmg a cone a compromise must be 
reached between a low value of Ro to avoid flow instability 
and a high value of Rọ to achieve accuracy of measure- 
ment It 1s expected that the fracture phenomenon will 
be important in a number of other appheations of funda- 
mental and technological :mportance, but its occurrence 
will depend on the geometry of the device ın which the 
luquid 1s sheared 
1 Metzner, A B , et al , Modern Plastics, 37, 188 (1960) 
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NATURE OF THIN OXIDE FILMS ON METALS AS REVEALED BY 
WORK FUNCTION MEASUREMENTS 


By C. M. QUINN and DR M W. ROBERTS 


Department of Chemistry, The Queen’s University of Belfast 


HE outstanding feature of the results so far obtamed 

for the changes m work function (Ag) resulting from 
the interaction of oxygen with metal surfaces ıs the great 
variation that exists for any given metal Thuis 1s particu- 
larly true for oxygen on nickel, and Table 1 summarizes 
the values of Ag reported by different investigators at 
various temperatures 


Table 1 SUMMARY OF 4p VALUES FOR OXYGEN ON NICKEL OBSERVED BY 
VARIOUS INVESTIGATORS 


Ap (V) ' Temperature (°C) Techmque Ref 
—16 ~~ 195 capacitor 1,2 
—0 55 25 photoelectric 3 
—-l14 25 diode 4 

~ —O7 25 capacitor 5 
—0 55 25 capacitor 6 


We have investigated changes ın work function during 
the interaction of oxygen with a number of metal films 
which have been prepared under high vacuum conditions 
(10-7-10- mm) The general procedure was to admit a 
small dose of oxygen and to measure the associated change 
in work function, doses were added until the pressure was 
about 10-? mm and Ap constant’ In some experiments 


the influence of suddenly increasing the pressure from 
10-2? mm to about 50 mm with the film at 20° C was also 
investigated Measurements were made by a capacitor 
technique and it 1s assumed that the work function of the 
gold reference electrode did not vary during an exper- 
ment 

Changes in work function have been measured with three 
different metal film surfaces (nickel, wron and molyb- 
denum) between — 195° and 25° and up to an oxygen 
pressure of 50 mm In the case of nickel, only at — 195° 
was Ao reproducible to better than 50 mV, at an oxygen 
pressure of 10-4 mm Ao was — 1 45 V and became slightly 
more positive (~125 V) at 10-2 mm This positive con- 
tribution to Ag of about +02 V could be easily reversed 
on evacuating the cell to 10-? mm Table 2 summarizes 
the data obtamed with nickel under various conditions, 
clearly Ag 1s very sensitive to the oxygen pressure and 
termperature A negative value of Ao implies an increase 
in the value of the work function of the clean metal 

In the case of iron films, Ag was reasonably insensitive 
to the oxygen pressure and to temperature The value of 
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CHANGES IN THE WORK FUNCTION OF NICKEL FILMS UNDER 
DISFERENT CONDITIONS OF OXYGEN INTERACTION 
Ads Ags 
—07 to ~08 —0 9 to -10 
Aq, refers to dose-wise interaction at —195°, Ay, dose-wise interaction at 


25°, «ip, interaction at 25° after mitially adsorbmg oxygen at ~—195°, and 
4g, the addition of 50 mm of oxygen at 25° 


Table 2 


Ag, 
~12 


Ag, 
1 45 


Ap was —16V at 10mm and — 195°, was virtually the 
same at 10 mm and 25° and did not change when the 
pressure was increased to 50 mm Molybdenum films 
showed similar insensitivity to ambient conditions and 
Ag was —18 V 

With iron we know that oxygen mcorporation into the 
lattice (oxidation) is extensive at low temperatures and 
pressures’, incorporation is also thought to occur with 
nickel at 25° and an oxygen pressure of 10-2 mm (ref 8) 
In the case of molybdenum a stable chemisorbed layer 18 
virtually complete at 10-2 mm and 25° and from which 
incorporation 1s unhkely Ag with molybdenum, there- 
fore, refers to a chemisorbed layer only It 1s, therefore, 
necessary to rationalize why with iron Ag is msensitive 
to oxygen pressure but with nickel the reverse 1s true, 
yot both meorporate oxygen at 25° 

The rate at which iron films oxidize 1s rather msensitive 
to changes m oxygen pressure’ at 25° Thus, vamation m 
oxygen pressure will make little difference to the oxide 
already formed on the 1ron surface and, therefore, will 
have a negligible effect on the work function of the oxide 

Nickel oxide ıs a p-type semiconductor in the bulk 
form and the condrtions at the oxide-gas interface are 
extremely umportant in oxide growth The rate of forma- 
tion of such p-type oxides 1s known to be very sensitive 
to pressure (for oxample, Cu,O where the pressure depend- 
ence of the rate ıs about unity®) and tho formation of 
cation vacancies with associated positive holes 1s known 
to play an important part ın oxide growth (equation (1) ) 


2e + 4$0,(gas) —» O2-(ads) —> Ni2+O2- + [] (N:+) (1) 


where [_] (N:+) 1s a cation vacancy which will have associ- 
ated with 1t a positive hole 
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Consequently, if by changmg the oxygen pressure we 
effect extensive oxide growth and the new oxide hes a 
different stoichiometry to that already existmg on the 
surface we might expect a change in Ag The Aq of 
— 145 V for oxygen on nickel at — 195° 1s, therefore, con- 
sidered to reflect the ınfluence of chemisorbed oxygen on 
the work function of the metal The positive effect of 
+02 V ıs due to adsorbed molecular oxygen At 25° a 
semiconducting oxide ıs formed, and the extent to-which 
oxidation occurs, and more particularly the density of 
acceptor states associated with excess oxygen, determimes 
the observed value of A Clearly this 1s a kinetio 
phenomenon, and the extent to which the defects (and 
consequently acceptor states) are formed or annihilated 
will determine the change ın work function observed We, 
therefore, find extensive variability of Ao even at 25° 
and 10-3 mm, A@ tending to be more negative if the 
chemisorbed layer has been first formed at — 195° and then 
warmed to 25° than if interaction had only occurred at 
25° Also Ag is very sensitive to the oxygen pressure at 
25° 

The results presented here, therefore, show a close 
relationship between the electrical properties of an oxide 
and possible non-stoichiometry Moroover, the apparent 
mconsistencies observed for Ap in the nickel~oxygon 
system (Table 1) can be rationalized in terms of our 
results and concepts 

We thank the Chemical Society and the Department 
of Scientific and Industrial Research for grants to purchase 
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DETERMINING THE CO-ORDINATION NUMBER OF ALUMINIUM IONS BY 
X-RAY EMISSION SPECTROSCOPY 


By DELBERT E. DAY 


Concrete Division, Waterways Experiment Station, Jackson, Mississippit 


HE wave-length of the characteristic X-radiation 
emitted by certain elements depends to some extent 
on the valence state of the element'. For certam elements 
of low atomic number, the wave-length of the character- 
istic X-radiation 1s also mfluenced by the co-ordination 
number (number of nearest neighbours) of the site occupied 
by the element White, McKmstry and Bates? reported 
a» small difference in the wave-length of alummium 
Ka-radiation, when the aluminium ions occupied four-fold 
and six-fold co-ordination sites This difference in wave- 
length was used by Brmdley and McKinstry’ and by 
Day and Rindone‘4 to determine the co-ordination, number 
of alummium ions m disordered clay minerals and in 
sodium alummosuilicate glasses respectively This tech- 
mique for determming the co-ordination number of 
alumimium ions 18 described, and the results obtamed 
from examining several matenals of widely varying 
composition are reported 
The difference ın wave-length of the aluminium Ka- 
radiation produced by alummuium ions occupying different 
co-ordination sites results in a small but measurable 
angular shift ın the position of the alummium Ky, peak 
Aluminium metal 1s used as reference material, and the 


angular position of its Ka peak is compared with the 
angular position of the aluminium Ka peak for the material 
in question The expermmental quantity which 1s measured 
is the difference m these angular positions as expressed by 
the relationship 


A°26 = °26 (alumimium metal) — °20 (sample) (1) 


This procedure 1s srmpler and may be conducted under 
simpler experimental conditions than a direct measure- 
ment of wave-length 

The measurements were made on a General Electric 
XRD-5 diffractometer usmg a chromium target at 50 kVp. 
and 40 m amp, a flow proportional counter, a 0 005-m 
soller slt, and a scamnmg speed of 02°20/mm A 
helium path was used to minimize the absorption of the 
alummium Ke-radiation The chart speed was chosen 
so that 1°20 was equivalent to 5m onthe chart With 
these conditions ıt was possible to measure the peak 
position, at half-maximum mitensity, to +0 005°26 
The analysmg crystal was ethylenediamme ditartrate, 
with this crystal the peal position for aluminium Ka- 
radiation occurs at approximately 142 6°26 This value 
of 20 ıs large enough so that small differences m wave- 
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Material 


K0 Al,0, 6510.-Microcline 
Na,O Al,O, 68:0,-Albite (Ab) 
Abs, ANs9~AD3,4079-Labradorite 
CaO Al,0, 2810,—Anorthite(An) 
Na,O Al,0, 510,-Carnegeite 
L140 Al,O; 

Na:0 AlO, 

CaO Al,0; 

3A],0; 2810,-Mullite 

Na,O 11A1,0,-8 Alumina 

LO 541,0; 

Al,0, 2510, 2H,O-Kaolinite 
Al,O; 2810, 2H,0~Dickite 
AlO, 4510, H,O-Pyrophylhite 
L1,0 Al,O, 4510,-a@ Spodumene 
38BeO AlO; 6810,-Beryl 
Al,0,-a Alumina 

3NaF AlF,Cryolite 

AlCl, 

LiAl(F ,OH)PO,-Amblygonite 
KAI,(S0,)2(0H),~Alunite 
KAKSO,), 12H,0-Potassium alum 
Al,(SO,); 18H,0 

AICNOs)3 9H,0 


0 00 0 02 0 04 6 06 


Fig 1 Displacement of the alumimum Ka peak as calculated from the relationsh 

AFY and AI: represent the displacemen 

for materials in which the aluminium 1ons occupy four-fold and six-fold co-ordination sites, 
respectively Asterisks denote displacements reported by Brindley and McKinstry (ref 3) 


4°26 = °20 (alummium metal) — °28 (sample) 


length can be detected by measurable shifts m the angular 
position of the alummium Ka peak All the measurements 
were made at room temperature with the temperature held 
constant to within + 1°C Larger temperature variations 
were found to change the lattice parameters of the 
ethylenediamine ditaitrate crystal and to cause move- 
ment of the diffracted peak position 

Before each measurement, the position of the Ka 
peak for alummrum metal was determimed at least twice 
The average of these values was taken as the peak position 
for aluminium metal Next, the position of the alummium 
Ka peak for the sample maternal was determined at least 
twice The angular difference m the position of the 
alummium Ka peak for alumimium metal and the sample 
material was then deterramed using equation (1) 

The displacements of the aluminium Ka peak, that is, the 
angular differences between the position of the alummium 
Ka peak for aluminium metal and for the materials which 
have been studied, are shown m Fig 1 The materials 
are arranged m the order (a) materials with alummium 
10ns occupying four-fold co-ordination sites, (b) materials 
with alumimium ions occupying more than one co-ordina- 
tion site, (c) materials with alummium ions in six-fold 
co-ordination sites The displacements of the alummum 
Ka peak for the first eight materials all occur within 
the range 0 040-0 061°20 Sizmuarly, the displacements of 
the aluminium Ka peak for the materials kaolinite through 
Al(NO 3); 9H,O all occur withm the range 0 080-0 120°26 
These two regions are shown m Fig 1 as ARV and AD, 
and denote alummium ions occupying four-fold and sıx- 
fold co-ordination sites, respectively 

The crystal structures of the materials mucrocline 
through CaO AlO, excluding 11,0 Al,O,, are known, 
and the aluminium ions m these materials occupy four- 
fold co-ordination sites No mformation could be found 
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for the crystal structure of Li,0 Al O, but 
the displacement of the alummum Ka 
peak mdicates that the aluminium ions 
in. this material occupy four-fold co-ordin- 
ation sites also 

The displacements of the alummium 
Ka peak for mullite, §-alumina, and 
Ti,0 5A1,0, as shown in Fig 1 are between. 
the regions mdicated for aluminium ions 
occupying four-fold and those occupying 
six-fold co-ordmation sites These inter- 
mediate displacoments mdicate the 
aluminium, ions in these three materials 
occupy more than one kind of co-ordina- 
tion site 8-Alumina and Li,0 AlO, have 
the spinel structure with the alummium 
10ns distributed among four- and six-fold 
co-ordmation sites Similarly, the crystal 
structure of mullite, which resembles 
that of sillimanite’, 1s believed to contam 
aluminium ions m both four- and sıx- 
fold co-ordination 

The displacements of the alumimium 
Ka peak for the remainnmg materials 
shown in Fig 1 mdicate that the alumin- 
yum 10ns in these materials occupy sites 
of six-fold co-ordmation The crystal 
structures of the matemals kaolinite 
through potassium alum are known and 
confirm the existence of aluminium ions 
in six-fold co-ordination sites No crystal 
structure information, which included the 
co-ordination number of the alummium 
rons, could be located for Al,(SO,), 18H,O 
and AI(NO;);9H.O0 The displacement 
of the alummium Ka peak for these 
two compounds mdicates the aluminium 
10ns should occupy six-fold co-ordination 
sites 

While the change in wave-length 
of the aluminium, K«-radiation resultmg from a change in 
the co-ordination number of the aluminium ions 16 appar- 
ent in Fig 1, the kind of anion surrounding the aluminium 
10n also has a small effect on the wave-length, as illustrated. 
by 3NaF Alf, and AIC], The alummuium ions ım these two 
compounds occupy six-fold co-ordination sites, but the 
displacements of the alummium Ka peak for these com- 
pounds is 0112 and 0 091°26 respectively If this trend 
were to contmue for AlBr,, 16 would be predicted that the 
aluminium ions in AJBr, should occupy four-fold co- 
ordination sites, since the displacement of the aluminum 
Ka peak would be close to the range mdicated m Fig 1 
for materials contammg alummuium ions 1m four-fold co- 
ordimation sites The direction of the trend indicated by 
3NaF Alf, and AlCl, 1s substantiated by the reported 
crystal structure for AlBr, (ref 6) which places the alumin- 
rum ions in four-fold co-ordination sites The mfluence 
of the kind of anion surrounding the alummium ion 
has also been noted by Brindley and McKinstry® They 
found the displacement of the alumimium Ka peak for 
alumunium nitride, which contaims aluminium ions in 
four-fold co-ordination sites, differed significantly from 
the displacements for materials m which the alumin- 
ium ions occupied four-fold co-ordination sites, but 
were surrounded by oxygen 1ons rather than nitrogen 
10N8 

The technique described here 1s simple and can be easily 
used for a variety of materials Unlike X-ray diffraction, 
it 1s equally suitable for crystalline and for ‘amorphous’ 
materials having short-range order The task of determ- 
imng the presence or absence of various structural 
groups in amorphous materials ıs difficult, and m many 
instances structural models have been proposed on the 
basis of physical property measurements Thus technique 
should be useful, therefore, m elucidatmg the structural 
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gioups which are thought to exist m certam amorphous 
materials 


: Flugge, S (edit ), Encyclopedia of Physics, 30, 156 (Springer-Verlag, Berlin 
? White, E W , McKinstry, H A, and Bates, T F, Proc Seventh Ann 


Conf Industral Applications of X-ray Analysis, 1958, edit by Muller, 
W M , 239 (Denver Res Inst , Univ Denver, Denver, Colorado, 1959) 
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DEGRADATION PRODUCTS FROM ELASTIN 
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Partial Structure of Two Major Degradation 
Products from the Cross-linkages in Elastin 


HE isolation and prelmunary exammation of two 

new amino-acids derived from the cross-lnkages m 
elastin have aleady been reported! These compounds, 
designated A and M, were provisionally assigned the 
empuical formule C His N:O; and C,,H,,N;O, respec- 
tively ‘They have now been isolated on a larger scale 
directly from the acid hydrolysis products of purified 
elastin from bovine ligamentum nuchae, and in this 
communication, a partial structure for both compounds 18 
proposed. 

Titration experiments with A and M previously re- 
ported?! indicated a mmimum molecular weight of about 
272 for both compounds, and each showed groups titrating 
with mid-points near pH 1 70, 2 40, 8 80 and 985 From 

‘the titration curves an 1s0-1on1ie pomt in the region of 
pH 56 would be expected, but electrophoretic mobility 
determmations m phosphate—citrate or sodium barbitone 
buffers have now shown that the isoelectric pomt is near 
pH 85 for both compounds It ıs thus concluded that 
both compounds contain a very strongly basic group, 
probably quaternary ammonium, which titrates above 
pH 115 Inspection of the titration curves shows that 
the alkaline isoelectric pomt ıs brought about by the 
presence of 0 5 equivalents of the strongly basic group m 
270 g and thus the molecular weight of both substances 1s at 
least 540 In the course of the electrophoresis experi- 
ments ıt was observed that ın buffers contaming carbonate 
both compounds had a Ingh net negative charge at 
pH 85 although the charge 1s zero in the absence of 
carbonate at this pH This suggests that the compounds 
bind carbonate ion with unusual avidity when this 101m 
18 m excess Alternatively, a carbamimo compound may 
be formed 

On treatment of compound A with nitrous acid m the 
apparatus of Van Slyke’, 79 per cent of the total nitrogen 


coz 
CH2 (CH2), “CH 
NHS 
CO2” (ory 
/ 
ae (CHa), CH2- A —CHa (CH3) CH 
nA Nani 


NH2 loz 
Compound A, ‘desmosine’ 


Compound A 


é 1, 3, 4, 5 Tetramethyl- 
‘Desmosine 


pyridinium chloride 


Compound M 
‘Iso-desmosine’ 


1, 2, 3, 5 Tetramethyl- 
pyridinium chloride 
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was recovered as N, the value for compound M was 
78 per cent, thus mdicatmg that with both compounds 
four-fifths of the nitrogen was bound as primary amino 
groups When oxidized with nmhydrm by the gasometric 
procedure of Van Slyke et al ? carbon dioxide was released 
equivalent to 78 per cent of the total nitrogen for com- 
pound A and 77 per cent for compound M, showing that 
four nitrogen. atoms out of five were combined as c-amino- 
acid nitzogen for both compounds 

Determination, of the molecular weight m aqueous solu- 
tion using the ‘Mechrolab’ vapour pressure osmometer 


co2” coz” 
CH (CH2) * CH2 CH2 (CH2) CH 
L C 3) N S C 2). 
NH3 NHS 
I4 Coz” 
ii CH2 CHa, CH 
(CHa 4 nut 
CH 
NH2 coz” 


Compound M, ‘1so-desmosme’ 


Fig 2 
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gave values of 524 for A and 555 for M These values are 
approximately twice the mmimmum mol wt determined by 
titration and suggest that the compounds both contam 
four «-amino groups, four «-carboxyl groups and one 
strongly basic group. Difficulty was encountered mm 
drymg specimens of the free amimo-acids for elementary 
analysis Both compounds were very hygroscopic and 
removal of water appeared to be complete after several 
hours under reduced pressure at 100° Analysis of speci- 
mens dried in this way showed, for compound A OC, 
52-5, H, 75, N, 125 per cent, and for compound M 
C, 525, H, 76, N, 126 per cent. (C.,H;.N,;0, HO 
requires C, 53, H, 74, N, 12 8 per cont; mol wt, 543 ) 

It was thought that the difficulty of drymg might be 
due to the presence of the quaternary ammonium group, 
and to avoid this the chlorides were prepared by titrating 
the free ammo-acids to pH 5 6. The chlorides could not be 
crystallized but the dried products were less hygroscopic 
and analysed as follows Compound A C, 499, H, 79, 
N, 12 5, Cl, 5 4 per cent, compound M C, 500, H, 81,N, 
125, Cl, 56 per cent (C.,H,,N,;0,Cl requires ©, 51 4, 
H, 71, N, 125, Cl, 63 per cent) From these results it 
was concluded that compounds A and M are isomers 

On hydrogenation at room temperature and normal 
pressures with Adams’s platimum oxide catalyst m 50 
per cent aqueous ethanol or glacial acetic acid solution 
neither of the isomers took up hydrogen. The presence of 
aliphatic double bonds 1s therefore excluded Since both 
compounds show ultra-violet absorption ın the range 
260-280 mu (ref 1) ıt was inferred that they contam 
an aromatic nucleus, and since the fifth nitrogen atom 
cannot be detected as an ammo- or imimo-group, but 
appears to form a quaternary 10n, 1b 1s most probable that 
the substances are either N-substituted pyridmes or 
N-substituted pyrroles The second alternative 1s unlikely 
since ultra-violet absorption spectra+ of A and M closely 
resemble those of the trumethylpyridmes and ther N- 
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pyndmium, A266, «4730, compound M, 1278, ©7850, 
1,2,3,5-tetramethylpyridinium, 4276, «6940 

The proton magnetic resonance spectra reported in the 
succeeding communication confirm and extend the chemi- 
cal information given here, and the data together lead to 
the structures proposed m Fig 2 

We propose in future to refer to compound A as 
‘desmosine’ and compound M as ‘iso-desmosine’ 

We thank Dr A S Baley, and Dr J. S A Brunskill 
of the Dyson Perrins Laboratory, Oxford, and Mr H G 
Willeock of Midland Tar Distillers, Ltd, for the gift of 
reference samples of trrmethylpyridines 
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Proton Magnetic Resonance Spectra of 
Degradation Products from Elastin 


THE proton resonance spectra of desmosine and 180- 
desmosine (preceding communication), deterrmned in 
deuterium oxide, show absorption m five spectral regions 
The available chemical evidence (precedmg communica- 
tion) and comparison with literature values (Table 1), 
allowed assignments asin Table 1. Peaks m the aromatic 
region are sharp singlets, comparison with the isomeric 


Table 1 PROTON RESONANCE SPECTRA AT 40 M/c* 


CH, and CH, 
Aromatic attached to N+ 
T Area r Area 
Desmosine 1 45 2 5 49 2 
Iso-desmosine A Aa i 5 43 2 
Tetramethylpyridimum iodides 
ie ee 
1,2,4,5- | 232 i 
3,4,5- i G4 2 5 &i 2 
Lysine monohydrochionde — — 7 03 2 


* Deuterium oxide solutions, CHON (r= 7 98) as internal standard (ref 1) 
t t (CHa) -rt (CH,) 13 about 0 3 (ref 2) 


methyl quaternary derivatives but differ from those of 
substituted pyrroles* These results, taken together with 
the marked chemical stability of the compounds under 
reduemg conditions, suggest that the isomers are N- and 
C-substituted pyridimes carrymg four saturated aliphatic 
chains with «-amuno-acid termmals Attempts to isolate 
the nucleus as a pyridme carboxylic acid by oxidation 
with permanganate resulted im destruction of the nucleus, 
presumably because of the mstability mtroduced by N- 
substitution Mild oxidation with fermecyanide at alkaline 
pH also destroyed the nucleus yielding several ninhydrin- 
reacting degradation products One of these was isolated 
and identified aslysine This indicated that the structure 
contains two nitrogen atoms separated by a 5-carbon 
saturated aliphatic cham, and ıt was concluded that the 
pyridine nitrogen 1s quaternated by an a-amino caproic 
acid, residue 

In Fig 1 the ultra-violet spectra of compounds A and 
M are compared with those of the 1,3,4,5- and 1,2,3,5- 
tetramethylpyridimium chlorides The molecular extine- 
tions measured in 0 05 N hydrochloric acid at the maxima 
were compound A, A268, «4900; 1,3,4,5-tetramethyl- 


CH, and CH;t CH, and CH, 
— CHIND,*+)CO,- benzyl type aliphatic 
T Area T Area T Ares 
6 41 4 717 8 815 14 
6 36 4 715 8 816 14 
~ — { 7 40 3 — ve 
7 60 6 
_ — 7 34 3 — = 
757 3 
7 68 3 
— — 7 62 9 — m 
6 30 i — _ ca 83 6 


collude (trumethylpyridine) methiodides indicated that 
desmosine and 1so-desmosme are 1,3,4,5- and 1,2,3,5- 
tetra-substituted pyrıdımum salts. The remaming absorp- 
tions are broad band-envelopes, probably formed by the 
overlap of numerous peaks due to several signals of simlar 
chemical shift, and complex coupling The theoretical 
relative areas given m Table 1 were checked by cutting 
out and weighing the curves and also by direct integration 
(on an 460 machine) All the results were withm + 15 
per cent of the theoretical The chemical and nuclear 
magnetic resonance evidence together lead to the struc- 
tures of Fig 2 of the preceding communication ‘k + 1 + 
m’ in desmosine and ‘w +2 +y’ in 1so-desmosine are 
evidently 4 
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IMMUNOCHEMICAL ANALYSIS OF RABBIT GAMMA-GLOBULIN 
ALLOTYPES 


By Dr. A FEINSTEIN 
Agricultural Research Council, Institute of Animal Physiology, Babraham, Cambridge 
AND 


PROF 


P G H GELL and Dr. A 5. KELUS 


Department of Experimental Pathology, University of Birmingham 


NTEREST ın y-globulin allotypes (genetically determ- 
ined variations of y-globulin) has been imereasmg m 

recent years in view of their importance both in genetics 
and in y-globulin chemistry They are definable in the 
rabbit in terms of six known alleles, Al, A2, A3 at one, 
the a locus, A4, A5, A6 at another, the b locus? Conse- 
quently, every rabbit has at least two and not more 
than four allotypic determinants ın its y-globulin, though 
10-20 per cent of the y-globulin molecules in some sera 
reported? may not carry any known allotypic markers. 
In this work we have investigated the distribution of the 
allotypic determmants, both between the whole molecules 
and on the fragments obtained by recently described 
degradation techniques 

The problem as to whether the allotypic determinants 
m a given serum are all present on each reacting TS 
y-globulin molecule or are in some cases separated can be 
readily solved by double gel-diffusion analysis, making 
use of the reactions of identity, and partial or non- 
identity This 1s technically complicated by the fact that 
the antibodies themselves carry allotypic specrficities of 
therr own, and for clear results mteractions between two 
adjacent antisera in the cups must be avoided We have 
been able, however, to demonstrate clearly a reaction of 
identity without any spurring between determinants at 
different loci m a homozygous A3,5 rabbit, indicating that 
all 1eacting molecules in this case carried both allotypic 
determmants In a serum examimed and reported else- 
where’, double spurrmg occurred in this situation In 
another case, we have shown a reaction of partial identity 
in an animal heterozygous at one locus (a), and homo- 
zygous at the other locus (6), using an antiserum to an 
allotypic determinant controlled by a gene at the a locus 
and one against one controlled by a gene at the b locus 
We have been unable to demonstrate unequivocally a 
reaction of total non-identity in a rabbit heterozygous 
at both loci, using an antiserum to a determinant con- 
trolled by a gene at the a locus and an antiserum to one 
controlled by a gene at the b locus respectively Quantita- 
tive evidence by other workers? has established the fact 
that in a heterozygote the A4 and A5 allotypes at least 
can occur on distinct populations of molecules 

Turning now to the degradation observations, the allo- 
typic antisera used were monospecific against each of the 
six known allotypic determmants <A goat anti-rabbit 
antiserum (‘Koza’) was used which was mainly directed 
against 7S y but also showed a distmect specific anti-y- 
macroglobulin hne; another goat anti-rabbit antiserum 
(‘Bab’) was used which did not contain this anti-macro- 
globulin component 

Tests were made by double diffusion in 1 per cent agar 
in plates, and 1ecorded as positive or negatrve, the con- 
centrations of the reactants bemg so adjusted as to give 
a well-defined bne 

The sera used in the digestion experrments were from 
four rabbits homozygous at both loci (A1,4; A2,4; A3,4, 
A3,5), from two homozygous at the a locus and hetero- 
zygous at the b (A1,4,6, A3,4,5), from three homozygous 
at the b locus and heterozygous at the a (A1,2,4, A1,3,4; 
A2,3,4) and from three heterozygous at both loci (A1,3,4,5, 
A2,345 Al 2,4,5) f 


These were fractionated to obtam pure 7S y-globulin 
and then fragmented (1) by papain digestion and separa- 
tion of the fragments on carboxymethyl celiulose®, (2) by 
mercaptoethanol ın irvs buffer to obtain cleavage into 
chains, which were then separated by ‘Sephadex 
G 75° or ‘200 gel-filtration in molar propionic acid®. 
Macroglobulin fractions were separated on ‘Sephadex 
G 200’ gel columns’ 

The starting y-globulin fractions showed as expected 
all the allotypes of the original whole sera 

The macroglobulin preparations were only satisfactorily 
pure in two cases (A1,4,6 and A2,3,4,5) as judged by their 
reacting with goat antiserum ‘Koza’, and not with goat 
‘Bab’ In both these samples (which happened to con- 
tain the full range of allotypes between them) there was a 
definite reaction with the allotypic determmants con- 
trolled by alleles at the b locus (A4, A5 or A6) as expected 
if macroglobulins share the B chain with 7S y-globulins 
(see following) As regards the components controlled 
by the a locus, doubtful reactions were obtained with 
Al and A2 determinants only, tests for A3 determinants 
were negative Al and A3 determinants have been re- 
ported’ to be present ın purified macroglobulin; this 
problem clearly merits further investigation 


Table 1 RESULTS OF GRI-DIFFUSION REACTIONS SUMMARY OF RESULTS 
on Two SERA COVERING THE WHOLE RANGE OF KNOWN ALLOTYPES, 
RESULTS WITH OTHER SERA WERE SIMLAR (SEE TEXT) 


Goat 
anti-rabbit 
Rabbit Prepara- Allotypic antisera anti- antisera 
allotype tion AI —-A2 -A3 ~A4 -AS5 -—A6 ‘Koza’ ‘Bab’ 
Al,4,6 7S ye +$ + + + + 
globulin 
= y-macro- /? + + + e~ 
globulin 
ii FrachonI + + + + + 
A2,3,4,5 7S y- + ad + + + 
giobuim 
5 y-macro- - + + + ne 
globulin 
me Fraction I + + + + + + 
4 A chain + + + ~ + + 
rn B chain ~ — + + — -~ 
+, Positive result, —, negative result, ?, weak or doubtful result, 


The only papain fraction recorded (Table 1) was fraction 
I, which could be obtained in a high state of purity; and 
in every case (four sera covering all the allotypes) all the 
allotypie components of the original serum were found in 
this fraction Tests on fraction II gave similar results but 
of less significance smce the fraction was not pure The 
preparations of fraction ITI were unsatisfactory 

The B (hght) chams from all the 12 sera exammed 
showed the presence of the components controlled by 
alleles at the b locus (A4, A5 and A6) and the absence of 
those controlled at the a locus (Al, A2 or A3) (Table 1) 

The A (heavy) chain presented some difficulty in 
purification. Nevertheless, ın a number of cases there was 
no doubt that our preparations possessed the components 
controlled both by the a and by the b locus (Table 2) 

Starch-gel electrophoresis ın urea showed no detectable 
unreduced 7S y-globulin, but agar-gel :mmuncelectro- 
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JTable 2 RESULTS OF GEL-DIFFUSION REACTIONS PREPARATIONS OF 
A (HEAVY) CHAIN 


Goat 
anti-rabbit 

Rabbit Allotypie antisera antr- antisera 
allotype. -AL ~A2 -—A3 —A4 ~A5 ~AG ‘Koza’ ‘Bab’ 
Al,4 + + + + 
A2,4 ? + + + 
A3,4 + + + + 
A3,5 + + + + 
Al,3,4 + + + + + 
A8,4,5 + + “ + + 
Al,3,4,5 + + + = + + 
A2,3,4,5 T + + oe + -+ 
A1,2,4,5 +$ + ron + + 
Al,4,6 + = + + 4 


phoresis of A cham fractions showed, with anti-A4 antı- 
serum, that A4 moved with the A chain, and was not 
detectable in the more anodic position, where, im the 
absence of A chain, free B chainis found Fiee B cham 
could not, however, be expected, since ımmunoelectro- 
phoiesis shows recombination to be complete when a 
muxture of A and B chains ın propionic acid 1s neutralized 

Our results leave us in no doubt that the B (light) chain 
of 78 y-globulin (which 1s shared with v-macroglobulin) 
possesses the allotypic determmants A4, A5 and A6 
controlled by alleles at the b locus 

The results with A (heavy) chains are technically some- 
what unsatisfactory and difficult to mterpret on the reason- 
able genetic assumption that the A and B chains are 
correlated with the a and b loci respectively One would 
expect only the determmants controlled by alleles at the a 
locus (Al, A2 and A3) to be represented on the A (heavy) 
chain, as those from the b locus (A4, A5 and A6) certainly 
are on the B (ight) chain We were, however, quite 
unable to separate anti-A4 reactivity from the A eham 
preparation in nearly all cases ın one case out of five AS 
was demonstrable, and in the preparation from A1,4,6 
serum, A6 was demonstrable Attempts at further 
purification in ‘Sephadex G 200’ did not materially alter 
these results 

There seem at least two possibilities either (1) that 
indeed the genes of the b locus are in control of determin- 
ants both on the B and on the A chains (for example, the 
determinants may be prosthetio groups added after 
the synthesis of the polypeptide chains), or (2) that the 
separation of A and B chains ıs not complete, and that 
too much B chain contaminates A chain preparations to 
allow of the application of quahtative mothods such as 
those we have used Even with such methods, however, 
the intensity of the anomalous reactions which we have 
observed would imply that such contamination must be 
remarkably great 
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The reactions of the macroglobulins aie consistent with 
expectation, in so far as the B (light) chain 18 supposed to 
be common to 78 y-globulin and the y-macroglobulin, 
and the allotypic determinants A4, A5 and A6 were readily 
demonstrable in both If ıt were assumed that immune 
globulin molecules contain only two types of polypeptide 
cham, one might expect, smce the A chains of 7S y-globulin 
and of y-macroglobulin are antigemeally different, that 
allotypic determmants Al, A2 and A3 would be lacking 
in the macroglobulins Our results leave this question 
still undecided Other macroglobulin preparations gave 
two lines with the goat anti-rabbit serum (‘Koza’) (which 
possessed both anti-7S y- and anti-y-macroglobulin 
specificity), one of which showed identity with 7S Yy- 
globulm im these preparations, which we rejected as 
impure, the allotypic determmants Al, A2 and A3 were 
readily demonstrable 

The results with the papain digest, Fraction I, show 
that the allotypic determmants are resistant to this type 
of degradation (see also refs 9 and 10) They mdicate 
that the determinants Al, A2 and A3 must be present in 
the part of the A chain which 1s complexed with the 
B cham in papain fraction I, whether they are also present 
in the other part of the A chain, represented by the crystal- 
line fraction ITI, could not be defintely established owing 
to the poor solubility and doubtful purty of these 
fractions 

The study of the distribution of allotypic determinants 
between molecules ıs clearly only in a preliminary stage 
So far as our results go they are consistent with the 
genetic interpretation that ın a homozygous A3,5 animal 
all the reactmg molecules are A3,5, in an A2,3,6 animal 
they are either A2,6 or A3,6, ın an A2,3,4,5 anımal the 
situation ıs more complicated and we cannot exclude the 
occurrence of the combination A2,4 + A3,4 + A2,5 + 
A3,5 (see also ref 4) Further work along these Imes with 
more suitable antisera 1s in progress 

This work was supported by the Medical Research 
Council and the Wellcome Trust 
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IMMUNOLOGICAL TOLERANCE BETWEEN LITTER-MATES IN SHEEP 
By Da J. SLEE 


Agricultural Research Council, Animal Breeding Research Organization, Edinburgh, 9 


T ıs known that placental vascular anastomosis occurs 
in most twin pregnancies in cattle Ifthe anastomosed 
twins are of unlike sex the female becomes a fieemaitin 
(intersex) It has also been shown! that most twin calves 
of all sexes show mutual tolerance of skin homografts, 
presumably as a result of embryonic vascular anastomosis 
In sheep, where twins are far more frequent, both em- 
bryonic vascular anastomosis and fireemartinism have 
been regarded as 1are*-7_ One G6 ¢ (freemartin) pair 
has been deseribed' in which the twins were tolerant of 
reciprocalskin homogiafts Atleast one other case of skin 
homograft tolerance in sheep has been repoited between 
two members of a triplet htter* Probably embryonic vas- 
cular anastomosis, which causes blood cell mosaicism?, 


18 & necessary pre-condition for all cases of freemartinism 
and tissue tolerance between litter-mates in cattle and 
sheep The frequency of embryonic anastomosis between 
sheep twins has been estimated at 5-10 per cent?.4 There 
is independent evidence also that the frequency of blood 
mosaicism in twims may be about 5 per cent? It1s possible 
that anastomosis of placental blood vessels does not always 
produce post-natal blood cell mosaicism Independent 
estimates of the frequency of immunological tolerance 
among sheep litter-mates are scarce (Table 1) 

The foregoing results, if taken provisionally at their 
face value, suggest the possibihty of implanting sheep 
embryos of widely different genotypes adjacently m 
the same uterus, so that in a certain small proportion 
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Table 1 FREQUENCY OF IMMUNOLOGICAL TOLERANCE AMONG SHDEP LITTER- 
MATES 


Twin litters Large litters (8-5 lambs) 
No No Tolerant No No No Tolerant 
Source pars pairs lambs litters lambs pairs lambs 
tested tolerant (%) tested tested tolerant* (%) 
Lampkin (ref 5) 2 0 0 
Hraba et al 
{ref 4) 9 0 0 1 3 1 — 
Moore and 
Rowson (ref 3) 5 1 20 
Slee (1961-63) 7 0 Q 18 52t 3 11 
Total 23 1 43 19 55 4 14 6 


* These numbers are doubled to assess the proportion of tolerant lambs 
oe lambs died before being grafted, survivors m these litters were 
grafte 


of cases vascular anastomosis might occur, making such 
embryos immunologically tolerant If sheep of different 
breeds could be made mutually tissue-tolerant this would 
be of interest to (among others) the reproductive physio- 
logist (transfer of ovaries), or the wool biologist (transfer 
of skin between sheep showing different wool growth 
patterns) Co-existing embryos of 50 per cent different 
breed genotype can be obtained by double mating ewes 
with rams of different breeds, so giving bi-paternal littors® 

Or, preferably, the techniques of transfer of ova*-!° would 
allow fertilized eggs of 100 per cent different breed geno- 
type to be rmplanted in the same uterus The most likely 
limiting factor would be the low frequency of embryonic 
vascular anastomosis It was therefore important 

(a) to assess the natural frequency more accurately, 
(b) to maxumize it by experimental or other means For 
a relatively high frequency of anastomosis ıb was thought 
that large litters, causing uterme crowding, might be 
desirable It has been shown that uterme crowding m- 
creases the incidence of fused placentz in mice?! 

The question of obtainmmg immunological tolerance 
between sheep litter-mates was therefore approached as 
follows To estimate the frequency of embryonic vascular 
anastomosis in large litters, lambs belonging to litters of 
three or more were tested by skin homografts from each 
other On each of the lambs, which were taken first at 
about 6 months of age, 3 homografts were accompamied 
by 3 control autografts All grafts were either 1 or 2 cm 
diameter, full thickness The eriteria for tolerance were 
absence of homograft reaction, survival of homograft 
tissue for at least 6 months with the production of wool, 
and absence of a line scar Some of the large litters used 
were obtamed naturally, some were produced by super- 
ovulation In some cases ewes were each mated to several 
rams of different breeds, producing bi- and tri-paternal 
litters From some litters placentæ were recovered intact 
at birth They were usually injected via the umbulical 
vessels with ‘Neoprene’ dye latex and examined for 
evidence of vascular anastomosis 

The results of this work were briefly as follows Skin 
grafts were made on 66 lambs surviving from 7 sets of 
twins, 14 sets of triplets, 4 sets of quadruplets, and on 2 
lambs surviving from a quintuplet litter Clear tolerance 
towards homografts was found between 3 pairs of lambs 
Two of these pairs were members of a quadruplet litter 
of Welsh Mountain. lambs produced after super-ovulation 
of the ewe A g and Dod were mutually tolerant, and 
B & and C 2 were likewise The other combimations 
showed no tolerance D was a freemartin (female external 
genitalia with enlarged chtoris, plus small undescended 
testes, male horn type and male sex behaviour) C was 
barren when mature but showed no external signs of 
freemartimism 

First set skin grafts from D to A and B to C grew wool 
and were still present 14 years after transplantation 
Second set grafts survived less well D to 4 second set 
grafts were rejected in 3 months although the first set 
giafts remaimed healthy durmg the same period Part 
of the second set grafts from B to C survived for more than 
a year, but the rest of the graft tissue appeared to be 
gradually lost The first set grafts again remained 
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healthy First set reciprocal grafts of A to D and C to B 
survived for 6-9 months before being rejected 

These sheep were tested for red blood cell mosaicism at 
about 14 years of age by Dr Stormont of the University 
of Calfornia Mosaicism was detected between A and D 
(the freemartin), although m A one of the cell types had 
almost completely regressed No mosaicism was apparent 
in B and C but ıt could have existed at an earher stage 
Two pomts emerge from these data First, homograft 
tolerance, which 1s probably caused or at least permitted 
by erythrocyte mosa:cism, can persist after the mosaicism 
has regressed Secondly, first set grafts can be tolerated 
at the same time as second set grafts from the same donor 
appear to be slowly rejected Rejection of the second 
giafts could be related to the regression of the donor 
blood cells if this tolls preferentially against the new 
grafts rather than the established ones The placenta was 
not recovered from this litter 

The third pair of lambs showing mutual homograft 
tolerance were Mermo~Blackface crosses (gg) surviving 
from a triplet litter produced after super-ovulation Here, 
first set grafts from A to B are stall surviving now after 
9 months Reciprocal homografts from B to A were less 
uniformly successful, but some of the donor tissue remains 
after 9 months The placenta, when recovered at birth, 
showed clear anastomosis of major veins between 2 of the 
original 3 embryos The lambs have not yet been tested 
for blood mosaicism Apart from this instance there have 
been two other cases of placental anastomosis of major 
blood vessels—-both ın triplet litters (Table 2) In the 
first of these (as ın the case here) only 2 lambs survived, 
they showed only slight asymmetrical homograft tolerance 
Reciprocal grafts survived 4 and 7 weeks respectively, 
compared with the normal within-ltter rejection time of 
2-3 weeks Presumably one of these surviving lambs had 
been anastomosed with the dead lamb, and for that reason 
may have been tolerant of a wider than normal range of 
antigens The 3 lambs ın the remaiming litter showing 
placental vascular anastomosis have not yet been skm 
grafted In addition to these 3 cases of major vessel 
anastomosis, 2 other placentæ have shown fusion of minor 
capillary vessels derrved from different embryos The 
significance of this is not known 


Table 2 FREQUENCY OF PLACENTA, VASCULAR ANASTOMOSIS IN SHEEP 
LITTERS 
No 
From From “From From 
Total twins triplets quads quins 
Placenta examined 20 It 5 1 
(part only) 
Cases of major vessel 
fusion between embryos 3 g 3 0 0 
Cases of minor vessel 
fusion between embryos 3 2 0 1 0 


General conclusions are as follows Embryonic vascular 
anastomosis does occur m large sheep litters with a fre- 
quency perhaps rather higher than might have been 
expected For the highest frequency of anastomosis large 
litters may be better than twins (Table 1), but the evidence 
for this is obviously not conclusive Embryonic anastomo- 
sis ın sheep can be between mayor blood vessels, and then 
it appears to confer ın some, perhaps all, cases a degree 
of post-natal immunological tolerance on the surviving 
lambs involved This may be accompanied by blood cell 
mosaicism for at least some time after birth Where 
anastomosis 18 between ¢ and 9 embryos, freemartins 
may occur perhaps mvariably but not always overtly 
The possibility that covert freemartimism causing female 
infertility may occur fairly frequently was examined on a 
statistical basis by comparing the fertility of 187 ewes 
which had been born twin to 99 with the fertility of 
167 ewes born twin to gg No difference was found The 
appaient rarity of freemartinism in twin litters could be 
connected with the high frequency of transuterine migia- 
tion of ova in sheep! Nevertheless, the arrangement of 
the embryonic membranes and vascular system is such 
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that anastomosis might occur even between embryos 
implanted ın different horns of the uterus 

The information discussed here, coupled with the 
proved technique of ova transfer, indicates that 1t would 
be difficult, but perhaps possible, to induce within-htter 
immunological tolerance ın sheep and use ıt to transplant 
tissue between individuals of different breeds Although 
natural embryonic vascular anastomoses are not common, 
they may offer the best chance of success, since sheep 
embryos develop immunity early m gestation’, thus 
making ıt difficult to produce tolerance experimentally™* 
However, even if anastomosis can be induced sufficiently 
frequently between sheep embryos of different breeds, 1b 
remains to be seen whether the tolerance conferred 18 
sufficient to bridge the between-breed immunological 
barrier 
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This work ıs now bemg extended ın collaboration with 

Dr J L Hancock, whom I thank 
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EFFECT OF METHAQUALONE HYDROCHLORIDE IN PREGNANT 
RABBITS AND RATS 


By R G BOUGH, Dr M R GURD, Dr J E HALL and Dr. B LESSEL 
Research Department, Boots Pure Drug Co, Ltd, Nottingham 


OLLOWING the thalidomide disaster, attention has 
been directed to the need to test drugs for possible 
teratogenic activity Many drugs have recently been 
subjected to teratogenesis tests, ın the laboratories of the 
pharmaceutical ndustry and elsewhere, but little of this 
work has yet been published, probably because of the 
difficulty of interpreting the results The picture which 
seems to be emerging 1s that there may be no drugs or 
chemical substances which are completely free from any 
effects on the foetus, most substances which have so far 
been tested on experimental animals show toxic effects 
on the foetus 1f they are admimstered to the mother in 
large enough doses ‘This ıs not surprising, for if a sub- 
stance were given to the mother in doses large enough to be 
toxic to her, 1t would be strange indeed if the foetus was 
not affected 

A. possibly useful new drug ıs not rejected because ıt 
causes death ın expermental animals when given m 
excessive doses; almost every drug does so Simularly, a 
drug need not necessarily be rejected because ıt causes 
death or abnormalities in the foetuses of experumental 
animals when given to the mother in excessive doses 
Only experience can teach us to interpret the results of 
teratogenesis tests ın experimental animals in terms of 
possible human hazards, and ıt ıs therefore rmportant that 
work of this kind should be published, even ıf ıt does not 
at present answer all our questions 

In the present state of knowledge a useful guide 18 the 
relation between the toxic dose of a drug to the foetus 
and the toxie dose to the mother, if these two doses are 
about the same, that 18, if the fostus 1s no more susceptible 
to the toxic effects of the drug than 1s the mother, 1+ 18 
reasonable to suppose that the drug has no specific 
teratogenic effect 

This article describes the results of animal experiments 
with methaqualone hydrochloride, and 1s intended both 
to give some guidance on the degree of risk attached to 
this drug, and to serve as an example of the kind of results 
which are likely to occur wth many drugs m common 
use Methaqualone hydrochloride (2-methyl-3-o-tolyl-4- 
quinazolone hydrochlomde, ‘Melsedm’, ‘Tuazole’) is a 
hypnotic drug, with a therapeutic dose up to 300 mg 
(about 5 mg/kg) 

The first experiment we carried out was a comparison 
of the effects of methaqualone and thalidomide in rabbits, 
using the technique by which Somers? has successfully 
demonstrated the teratogenic action of the latter drug 


New Zealand White and Californian rabbits weighing 
25-4 kg were used Each drug was given by mouth 
in a dose of 500 mg per rabbit daily, starting on the 8th 
day of pregnancy and continuing to the 13th day with 
thalidomide and the 15th or 16th day with methaqualone 
The mothers were killed the day before parturition was 
expected; each fœtus was examimed imternally and 
externally for abnormalities, radiographed and cleared 
and stamed with alizarin red for detailed examimation 
of the skeleton The results of this experiment are sum- 
marized in Table 1 Thahdomide treatment increased 
the proportion of foetuses dying on utero and caused abnor- 
malities in 80 per cent of the live foetuses The abnormal- 
ties included skeletal defects such as those described by 
Somers! and others?, and cerebral defects sumilar to those 
described by Guroud? and Felisati‘, ın addition we observed 
five footuses with one kidney absent (four of them im one 
litter), which we believe has not been reported previously 
in experimental anunals, although ıt has been described 
m man5 Methaqualone treatment, m contrast, had no 
effect on the survival of foetuses ın utero, and no abnorm- 
alities were found 


Table 1 EFFECT oF THALIDOMIDE AND METHAQUALONE IN PREGNANT 
RABBITS 
No of foetuses Average Ymplants 
No of Live live dead or 
mothers* Live sab- Dead Re- hitter resorbed 
normal normal sorbed 8126 (%) 
Controls 4 27 9 1 3 68 129 
Methaqualone 
00 mg/day 
Days 8-15 3 27 0 3 0 90 100 
Days 8-16 3 33 0 0 4 110 108 
Thalidomide 
500 mg/day 
Days 8-13 7 5 22 i 30 39 53 4 


* Animals originally included in the experimental groups but later found 
not to be pregnant have not been ancluded in these four Tables 


In the second experiment with methaqualone in rabbits 
three dose-levels were used, the doses were related to body 
weight, and dosing was continuous throughout pregnancy 
from the lst to the 29th days, ın other respects the 
technique was unchanged The results are summarized 
m the first part of Table 2 Two of the 79 foetuses from 
animals treated with one or other dose of methaqualone 
showed abnormalities, and a third experiment was there- 
fore performed using the same technique, but with larger 
groups of rabbits and one level only of methaqualone; 
the results of the third experiment are summarized mn 
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J art of Tablo 2. Taking these two experiments 
ere Was no evidence that treatment with 
alone, at 100 or 200 mg/kg/day, affected live 
or inereased the incidence of deaths in utero. 
ent at 400 mg/kg/day reduced the number of 
¿per animal, without affecting the survival of 
d fostuses, which suggests interference with blasto- 
lopment. Abnormalities of various kinds occurred 
tuses of both treated and control animals; these 
in Table 3. We deal first with the least important 
tion, which we have described as ‘hypoplasia of the 
der’. The gall bladder in rabbit foetuses shows 
ariation in size, and is invisible to the naked eye 
bout 5 per cent of control animals; this condition we 
noted as ‘hypoplasia’, although in every case the 
cts are patent and there is no reason to believe that 
wy function is abnormal. This condition appears to 
esent one extreme of the normal range of variation, 
we do not regard it as a malformation. Next come the 
itions which occurred with equal frequency in the 
ted and control groups and cannot therefore be attri- 
uted to treatment, that is, unilateral pelvic kidney, 
.bsence of a lobe of the lung, and minor abnormalities 
f the calcification centres in the sternum. Lastly, there 
are a few abnormalities which were observed in treated 
animals but not, in this experiment, in controls. Two of 
these. conditions, rotation of a forelimb and deficient 
_ phalangeal development of a hind foot, have been observed 
in untreated rabbits in other experiments, and a third, 
_ fusion. of rib heads, occurred only with a dose high enough 

to kill one of the adults. This leaves two abnormalities 
_which occurred in rabbits receiving non-lethal doses of 
-methaqualone, and which we have not so far seen in 
_ control footuses, that is, absence of a pollex and a jejunal 
Ta divertioulum. 





Table 2. Errect oF METHAQUALONE IN PREGNANT RABBITS 
Average Implants 


No. of Adult No. of fætuses live dead or 
mothers deaths litter resorbed 

Live Dead sorbed size < H) 

4 0 gi 1 1 85 55 

b i 82 3 5 64 20° 

4 ü 30 1 vA 75 29-9 

1 17 0 Q 57? 0 
15 0 119 15 UT 80 21-2 
180. 139 17 16 77 18-1 


FETAL ABNORMALITIES IN RABBITS 


No. of fætuses affected 
eae days on 





Controls 100 
mg/kg/day sighkg day mg/kg/day 
eae i 
goa evelop- 
ifoot* t 
le 1 
ormalities found 
vor staining 
sion 7 two rib heads on ons í 
3 
1 
1 
1 
14 | 
171 30 VW 
139° 
itions: aa not occur in control animals. in these experi- 
quad in control eter ier experiments. 
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4 8pencer, K, E, V., Lancet, ii, 100 (1962), Seller, MJ, ae 


4 ‘Fell ati, D., Lancet, ti, 724 (1962). 
spies be detected 


The position in the rabbit i is , complicated. ay the i 
rence of spontaneous. abnormalities. in 3 
control foetuses. The number of foetuses showing 
alities of one kind or another was slightly grea j 
methaqualone-treated animals than in the cont 
me diffe rence was far soe small to have statistical 



















comparigon. A more a point is that each 
abnormality in the fostuses from- mothaqué 
mothers occurred only once; there was no o 
pattern of malformation. By contrast, 
treatment increased the incidence of abno 
about 3 to about 80 per cent of fœtus 
characteristic pattern of skeletal and cerebra 

Other experiments were done in rats. Newl 
female albino rats were given methaqualone. 
chloride daily by oral intubation at four dose-! 
the Ist to the 20th days of pregnancy; the anim A 
killed on the 21st day (the day before parturition waso 
expected) and the foetuses examined as previous ace 
scribed. The results are summarized in Table 4, 
highest doses, 100 and 75 mg/kg/day, caused mate 
deaths and increased the incidenco of deaths in utero; č 
among the 77 live fætuses from animals receiving these 
doses three wero abnormal; one with omphalocele and 
one with complete cleft palate on 75 mg/kg, and one with = 
extensive subcutaneous œdema on 100 mg/kg. The next _ 
lower dose, 50 mg/kg/day, caused neither maternal nor _ 
foetal deaths, but reduced gain in body-weight in the. 
mothers; no abnormalities were observed in the fætuses 
from these animals. Examination of the stained skeletons oo 
showed apparent defects of calcification in the sternal 
centres and elsewhere in some animals on doses of 50 
mg/kg/day upwards; further experiments in which rate. 
given 50 mg/kg/day were allowed to survive to parturition ` 
showed that at this dose calcification was merely delayed 
for 24 or 48 h. . The lowest dose, 25 mg/kg/day, had no 
effects of any kind, and no abnormalities occurred in the 
foetuses from these animals or the controls. 











Table 4. EFFECT OF METHAQUALONE IN PREGNANT RATS — 














No. of foetuses Average Implants 
No. of Adult Live Live live. dead or- 
mothers deaths nore ab- Dead Re- litter resor 
mal normal sorbed size E A G 
Controis 12 0 101 (f 9 7 8-4 BS 
Methaqualone | 
25 mg/ke/day B 0 85 0 1 2 106 9 0 Be 
Methaquatone 
50 ma/kg/day 9 0 79 0 0 7 &8 
Methagualone $ 
75 mg/kg/day 7 1 53 gs 3 15 PB RB. 
Methacualone spit ita 
160 mg/kg/day 6 2 24 it 7t 6 £808 


* One omphalocle and one cleft palate. 
+ Extensive subcutaneous edema 
t All the dead foetuses were in a single litter. 


The threshold dose for methaqualone ie a 
minimal toxic effects | in the: rat R a, fee 


calcification in the fetus. The S important 
the threshold dose was the. same for moth 
at higher doses some of the mothers died, and the in y 
of abnormal foetuses increased from zero to about 4 per 
cent. The fact that the drug was toxic to the foetus only in 
doses at which it was also toxic to the mother indicates - 
that it lacks specific teratogenic activity. 

The conclusion we draw from the results reported here 
is that methaqualone shows no specific teratogenic activity _ 
in rabbits and rats, and is therefore unlikely to present a 
hazard to the human fœtus in therapeutic use. 





1 Somers, G, F., Lancet, i, 912 (1962). 
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HAMOGLOBINS N AND P IN ITALIAN FAMILIES _ 


By Pror. E. SILVESTRONI, I. BIANCO and C. BRANCATI 


Istituto d’Igiene dell'Università di Roma, 
Centro di Studi della Microcitemia e delle Anemia Microcitemiche, Roma 


Frequency and Characterization of the 
Hemoglobin N 


> 


| our family stocks, carriers of hemo- 
globin N, have been observed so far: the first one, 





ee already described!, is of Sardinian origin, the other 


~~ three originate from Calabria. The electrophoretic mobility 
and the other physical-chemical characteristics are identical 


_. inal the four stocks and fully correspond to those of hæmo- 


-globin N: that is, at alkali pH (Fig. 1) the electrophoretic 
< mobility is greater than that of hemoglobin A, with a 
distinct separation from it; at acid pH the cathode 
= mobility is slightly less than that of hæmoglobin A, so 
“much so that it forms at the end of electrophoresis an 





Fig. 1. Paper electrophoresis of hemoglobin N belonging to three 
different families. Glycine buffer pH 8-8, ionic strength 0-04. Staining 
with bromphenol blue 





Fig. 2. Chromatography on columns of ‘Amberlite ZRC-50' of hemo- 

globin N belonging to two different families. Citrate buffer pH. 6, ionic 

strength 0-05. Aa af pean hemoglobin A and separates 
clearly from it ~ 


oblong hemoglobin spot; on agar gel at acid pH the 
mobility is the same as that of hemoglobin A; on ‘Amber- 
lite 1RC-50’ chromatography at pH 6, the mobility is 
greater than that of hemoglobin A with a distinct separa- 
tion from it (Fig. 2). The hematologic characters are 
normal and the percentage of hæmoglobin N oscillates from 
19 to 36. 

Hybridization and recombination experiments carried 
out with the technique of Itano and Robinson’, adapted 
to the micromethod by Gammack et al.*, have revealed, 
in three of these stocks in which it has been possible to 
conduct the research, that the abnormal hemoglobin is 
altered in the a-chain. 

It has been ascertained that hybridization of hæmo- 
globin N with hemoglobin Lrerrara (which is altered in the 
¢-chain*) does not produce any new hemoglobin fraction 
(Fig. 3), while hybridization with hemoglobin S (which 
is altered in the 3-chain) produces an abundant portion of 
hemoglobin A (Fig. 4), which appears also in hybridiza- 
tion of hemoglobin N with hemoglobin H. It is evident 
that in these hybridizations the products foreseen in the 
following equations are formed: 


Noa. Migd- NA, LA 

aBa + oP, = 4,8, + 4,8, 

HEN HbL HbN HbL 
NAA ApS _NOA AnS ApA NaS 
“Fy + aoB, = aB, + aBa + aR + aB 
HbN HbS HbN HbS HbA HbN/S 


Hybridization of hemoglobin N with canine hemo- 
globin does not give rise to any new hæmoglobin fraction. 
This fact too shows that the structural alteration. con- 
cerns the a-chain. In fact, if the alteration affected 
the 6-chain, a hybrid («"8%) faster than hæmoglobin N 
and a hybrid («$8%") slower than canine hemoglobin 
should appear; on the contrary, only two fractions are 
formed which correspond, in mobility, one to canine hemo- 
globin and the other to hamoglobin N: the first very 
probably contains, besides canine hemoglobin, also the 
hybrid «3@3" for which an electrophoretic position equal 
to that of canine hemoglobin is expected and the second 
contains, besides hemoglobin N, also the hybrid «84, the 


LP.tr N 







Hb LFer + Hb N 
control ; 


Hb Lrerr + Hb. Nes. 










_ dissociated and 
recombined 


combine 






Fig. 3. Hybridization of hemoglobin N 
Discontinuous buffer system. pH 8-2, ionic str 


: Bt strengt 
. stain. No new hemoglobin appears 






















HbS + HbN 
control 


HbsS + Hb N 
dissociated and 
recombined 


Hb A, control 


Pig. 4. Hybridization of hemoglobin N with hemoglobin 8. Discon- 

tinuous buffer system, pH 8-2, ionic strength 0-06, o-dianisidine stain. 

To the dissociated and recombined mixture a new hæmoglobin appears, 
my migrating at the same rate as hemoglobin A 


mobility of which is expected to be equal to that of 
_ hemoglobin N. In this hybridization the products foreseen 
_ in the following equation are formed: 


Ae : i N,A can,,can N,A ean, can 
ak +a, Po = aP, t Bo 


HEN  Hbean 


can can, A 
B 


N 
+ 4,8, +a 


a 
a 


HbN Hbean 


On the basis of these results, the conclusion can be 
-— drawn that the hemoglobin N observed in various regions 

in Italy is characterized by a structural alteration of the 
_ @ehain, while the presence is reported, in literature, in 
other countries, of hemoglobin N altered in the Q-chain*. 
After hemoglobin D, hemoglobin L and hemoglobin G, 

this is a new example of hemoglobin, which, although 
having the same electrophoretic and physical-chemical 
 gharacteristics, has its specific structural alteration once 
in o-chaim, once in 8-chain. 












Hb P + Ob Lrerr 
control 


Hb P + Hb Lrerr 
dissociated and 
recombined 


Hb P + HbS 
dissoclated and 
recombined 


Hb P + HbS 
control 
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Presence of Altered 8-Chain in a 
Haemoglobin P nae 
On the hemoglobin P of the members of the Itali 
family, originating from Calabria, previously ilustratec cae 
experiments of hybridization have been conducted with 
the micromethod of Gammack et al.3, for the purpose of 
identifying the abnormal chain. No new electrophoretic _ 
species were detected in hybridization of hemoglobin P 
with hemoglobin S (Fig. 5), but hybridization with 
hemoglobin Lyorrara (which has an abnormal a-chain*) 
produced a new hemoglobin species which migrates. 
slower than hemoglobin L and hemoglobin P, ar g 
clear hemoglobin fraction which migrates in the positio: 
of haemoglobin A (Fig. 5). Me 
These results are sufficient to show that the prose 
hemoglobin P has an abnormal §-chain. The fact is 
confirmed by hybridization with canine hemoglobin —— 
(Fig. 6), which produces only a new hemoglobin species in 


the position of fraction «48%, while, as in the hyl ridiza- : 
tion of hemoglobin S with canine hemoglobin (Fig. 6), _ 
the hemoglobin fraction corresponding to the hybrid 


«#784 is completely lacking. 





























Hb P + Hbean: 
control 


Hb P + Hby 
dissociated and 


HbA + Kbas 
dissociated and 


recombined = 


Hh A + Hha 
gontrol 


Hb A + Hbi 
dissociated and - 
recombined 


HbS + Abe ` 
dissociated and 





a, Hybridization of hemoglobin P with canine hemoglobin, 
hybridization of hæmoglobin A with canine bemo- — 
globin: b, hybridization of hemoglobin A with caning heme Honn, 
compared with hybridization of hemoglobin S with canine hemo- - 

globin, The slow hemoglobin which appears from the hybridization. 

of hæmoglobin P with canine hemoglobin is identical to the slow ocio on 
hemoglobin which appears from the hybridization of hemoglobin 8:00 mi 
with canine hemoglobin and to the hybrid agfg 


E” 


Fig. 6, 
compared witt 






















The hæmoglobin P observed in Italy thus appe 
altered in the B-chain, as the hæmoglobin P observe 
Dherte et al.’ in Belgian Congo Negroes and analysed by 
Garmmack et al.}, | 


1 Silvestroni, E., and Bianco, 1., Nature, 191, 1208 (1961). 

? Itano, H, A., and Robinson, E., Nature, 188, 1799 (1959), 

: Gammack, D. B., Huehns, E. R., Lehmann, H., and Shooter, E. M., Bio 
chem, J., 78, 55, P (1860). p 

: sect Modiano, G., Bottini, E., and Lucci, R., Nature, 198, 396 

3 Silvestroni, E., Bianco, I., and Braneati, C., Prog. Med., 17, 14 (1961). 
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: ‘HE theory of phase transformation of locusts, promul- 
fees by Uvarov! in 1921, was placed on a firm basis 
by Faure*, who demonstrated phase transformation and 
colour change in the four principal species of locusts of 
Africa. Characteristic of such change from the green or 
buff or fawn ‘grasshopper’ or solitaria phase.is the melan- 
ization of the immature hopper stages or instars. This 
< -process is reversible during the instar stages on drastic 
ction of population density. In the extreme gregaria 
ase the hoppers of Schistocerca gregaria Forsk., the 
~~ desert locust, are almost totally black; hoppers of Locusta 
migratoria migratorioides R. and F., the tropical migratory 
-o locust, have the dorsal half of the body black; hoppers of 
io Lecustana pardalina Walk., the brown locust, are black 
>o Jaterally. In gregaria hoppers melanin constitutes the 
pattern pigment while background pigmentation is due 
-. mainly to tanned proteins, carotenoids and ommochrome, 
brownish, yellow and brown to red respectively. 

In solitarization experiments in our Locust Research 
‘Unit, Locusta and Locustana hoppers of the second and 
_ third instars have been found to transform fairly readily 
to the green or fawn solitaria colours during later instars 
when kept in isolation in quart jars. During the past 
winter a biochemistry student had occasion to attempt 
- such transformation for Schistocerca but produced only 
black succeeding instars with few exceptions. This 
-< phenomenon was also observed in a selection experiment 
_ for differences in colour - transformation in strains of 
Locusta during the same period, whereas earlier in the 
=: year loss of melanin had been quite rapid. Since during 
the winter season the locust laboratory is rather poorly 
ventilated in order to attain the rather high temperatures 
required, for locust breeding, it seemed as if the air of this 
room, which contains about 70 cages with the three 
species under crowded conditions, could be a contributory 
cause of retention of black coloration. An experiment was 
accordingly set up to test this hypothesis with the genetics 
laboratory as control room. This room houses Drosophila 
stocks and is also rather poorly ventilated during winter. 

_ The tests were run as three consecutive experiments. 
In the first experiment, a series of ten isolated late second 
instar hoppers from each of crowded cages of Schistocerca 








~ and Locustana, thus with the characteristic black gregaria 
“eoloration, was placed in each of the laboratories. 
In. the second experiment two hoppers were placed in 
< each of five jars for the three species Schistocerca, Locustana 
and Locusta and duplicates housed in the two laboratories: 
for the first two species the hoppers were from different 
strains to those of the first experiment. Locusta was 
tested only in the pairs experiment since this species has 
been found to solitarize fairly readily in single cultures; 
for Locustana, females only were used since in the field 
males turn green much more rarely than females. 
in the third experiment ten black hoppers of Schésto- 
-cerca were isolated during early third instar and housed in 
the. geneties laboratory. Immediately after the third 
ult the first three individuals which had turned fawn 
colour were returned to the locust laboratory and 
1 slightly below the level of the crowded cage from 
1 they had been obtained. For another three hoppers 
vhich turned fawn in colour at the third moult, the bottom 
of the jars were lined with strips torn from recently used 
` filters of respirators worn as protection for workers in the 
locust laboratory against the allergenic substance which 


seems to be prevalent in locust laboratories; a strip of 


~ such a filter was also suspended in each jar for th 
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In all three experiments the quart jars were covered 
with gauze wire lids and the hoppers were kept constantly 
supplied with fresh green grass in tubes of water. The 
jars of a series were placed in a circle around a 40-W 
lamp and were separated from each other by cardboard 
partitions. Temperature and humidity conditions were 
kept as closely similar as possible in the two laboratories. 
For example, during the course of the first experiment the 
temperature range in the locust laboratory was 24°-31° C 
and the humidity range was 25-35 per cent, while for the 
genetics laboratory the ranges were 24°~30° C and 23-32 
per cent; for the second experiment the ranges were 
24°—32° C and 32-40 per cent for the locust laboratory and 
23°—30° C and 30-40 per cent for the genetics laboratory. 

Some fifth instar hoppers died during the final moult, 
but the adults which were obtained were measured for 
length of elytron (E), length of hind femur (F) and width ~ 
of head (C) since from these data the most useful morpho- 
metric ratios differentiating the two phases may be cal- 
culated, namely, E/F and F/O. woe 

The results obtained in the three series of experiments 
are given in Tables 1-3. E 

Table 1. COLOUR TYPES or HOPPERS IN EXPERIMENTS 1 AND 2 
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Phase transformation in locusts is & process rei ORE eee 
changes.in behaviour, morphology, physio. 
biochemical processes of pigmentation. To & e 
this transformation is dependent on. density 
reversible in the immature stages or instars 
hoppers are more active, eat more, prod 
melanin coloration, and in the adult th 
tively longer, that is, the morphomet 
higher than, in solitaria, while the head 


~ Yoost-on. These jars remained in the g es laboratory influen: 
-u where the other four hoppers were also ret ined as controls. under: 
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Table 2 COLOUR TYPES oF HOPPERS IN EXPERIMENT 3 


Black- 
ish {| Buff or fawn 


Black |Green-| Some | No 
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Genetics 


laboratory 


Genetics 
laboratory 
+ filter 


Genetics 
laboratory 

Locust 
laboratory 





in the two breeding rooms appears to be the air ıt has to 
be postulated that some air-borne factor 1s affecting the 
rate of deposition of melanin im the cuticle This role 
could be filled by a pheromone, which Karlson and 
Butenandt® have defined as a substance secreted to the 
outside of the individual and received by a second indivi- 
dual of the same species in which ıb releases a specific 
action, for example, a definite behaviour or developmental 
précess Whether this substance 1s species-specific 1s not 
evident m the present series of expermments since all three 
species are woll represented m numbers m the locust 
laboratory, since the cages have gauze wire sides any 
volatile substance could diffuse readily There are, how- 
ever, indications that the three species differ m their 
receptivity to the pheromone smce, m the pairs experi- 
ment especially, Schzstocerca was influenced to a greater 
extent than the other two species of which Locusta was 
perhaps slightly the more sensitive 

The pairs experiment shows that once the gregarization 
process has been initiated, and thus the substance 1s being 
produced, ıt exerts a cumulative action so that even two 
individuals mutually affect each other Again, however, 
the locust room had æ greater effect The pheromone 
discovered by Loher! ın Schistocerca 18 probably of a 
different nature since 1t seems to exert only an accelerating 
influence on sexual maturity 

It was thought that some connexion might exist between 
the postulated pheromone and the allergenic substance 
found im locust breeding rooms and which affects the 
mucous membranes of workers The results of the 
experrment ın which the hoppers had contmuous contact 
with the used respirator filter are, however, not conclusive 
since the substance may be fairly volatile and may 
dissipate easily 

The recorded experiments have also demonstrated that 
the processes of molanization and production of green 
pigmentation are mdependent smee hoppers under 1sola- 
tion may or may not build up green pigment while large 
amounts of melanin are still present Gunn and Hunter- 
Jones’ have by means of divergent selection experiments 
for the H/F ratio been able to separate characters used in 
biometric estimates of phase status from each other and 
to some extent from colour The present series of experi- 
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ments appears to demonstrate the fact that m a congregat- 
ing group of hoppers the melanization process 18 triggered 
by the cumulation of pheromone in the atmosphere 
around the group To what extent ths stimulation 
has a direct mfluence on morphometrical ratios is not 
quite clear. As shown m Table 3, the various treatments 
are not based on sufficient mdividuals to be statistically 
significant, and, m any case, all mdividuals spent part 
of thew formative mstar life m the gregaria phase In 
addition these ratios are most often not as extreme for 
cage-bred as for field populations In the case of Locustana, 
sohtarization m both rooms has produced morphometric 
ratios of a more gregarious type in experiment | and of a 
more solitary type ın expermment 2 For Locusta the 
figures are more or less equivalent for the two treatments 
and are of a more intermediate value. For these two 
species the grade of melanization seems to be an element 
separable from phase morphometrics For Schistocerca, 
however, 1t has lately been found m the Locust Research 
Unit that the E/F ratio of cage-bred populations 18 higher 
than the data given for swarms ın the field’ Furthermore, 
the results of Table 3 are indicative of more gregaria-hke 
ratios in the individuals which were returned to the locust 
laboratory and which re-acquired darker coloration 


Table 8 MORPHOMETRIC RATIOS OF ADULTS OBTAINED IN THE THREE 
EXPERIMENTS COMPARED WITH CROWDED CAGES AND FIELD MATERIAL 


Species Exp Laboratory Female Male 
IF Fic Eir Fjo 
Locustana 12 Locust 212 279 
Genetics 210 278 
Cage 2 26 2 60 
22 Locust 1 98 2 82 e 
Geneties 2 03 281 
age 2 1il 2 68 
Field solitaria 2 02 2 98 b 
re 
Field gregaria 214 2 58 
(ref 2) 
Schistocerea 21 Locust 215 3 38 213 3 43 
Genetics 2 22 3 40 210 3 48 
Cage 2 32 3 30 2 29 3 23 
3 Locust 2 30 3 33 235 321 
Genetics 2 22 3 49 217 8 32 
Cage 2 35 3 32 2 30 3 29 
Field sohtana 207 3 93 2 04 3 86 
(ref 3) 
Field gregaria 2 29 318 2 24 $11 
(ref 3) 
Locusta 23 Locust 186 3 35 1 94 3 35 
Genetics 185 332 191 46 
age 2 00 317 1 96 8 21 
Field solitaria 181 3 46 178 3 67 
(ref 4) 
Field gregaria 218 2 86 213 296 
(ref 4) 


Finally, ıt 18 suggested that the postulated pheromone 
could possibly be accumulated ın the eggs of gregarious 
females, and ın this sense ıt replaces the locustme 
suggested by Faure?, this substance was supposed to 
accumulate in such eggs and give rise to the dark hatch- 
lmgs produced by crowded females as compared with the 
hght hatchlings from solitary females 
Uvarov, B P , Bull Entomol Res ,12, 135 (4921) 

? Faure, J C , Bull Entomol Res ,23, 293 (1932) 

3 Dirsh, V M , Ante-Locust Bull (Lond ), No 16 (1953) 

‘4 Dirsh, V M , Nature, 167, 281 (1951) 

t Karlson, P , and Butenandt, A , Ann Rev Entomol , 4, 39 (1959) 

1! Loher, W , Proc Roy Soc , B, 158, 380 (1961) 

7Gunn, D L ,and Hunter-Jones, P , Ante-Locust Bull (Lond ), No 12 (1952) 


ABSENCE OF RIBONUCLEASE FROM THE RIBOSOMES OF 
PSEUDOMONAS FLUORESCENS 


By H E WADE and H. K. ROBINSON 


Microbiological Research Establishment, Porton, Salisbury, Wilts. - 


CHARACTERISTIC of ribosomes is an mstabulty 
towards ethylenediamme tetraacetate (EDTA)? 
which frequently termmates in the depolymerization of 
the mbonucleic acid (RNA)*-* This general observation, 


and the prommence given to an EDTA-activated ribo- 
nuclease which ıs associated with ribosomes from Eschere- 
chia colts-7, have led to the umpression that a ribonuclease 
similar to pancreatic ribonuclease ıs associated with 
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ribosomes fiom every source? This umpression has 
been fostered by the exclusive location of mbonuclease ın 
the ‘30S’ ribosomes of Æ colt and the observation that 
the ribonuclease content of lhvimg cells, ın general, appears 
to vary lıke the concentration of 11bosomes, with the rates 
of growth or protein synthesis? 

In the course of exammmg the ribosomes fiom other 
species of bacteria, ıt was found that the processes of 
ribosome autodegradation did not conform to a common 
pattern In particular, ribosomes from E cole and 
Pseudomonas fluorescens were markedly different, reflecting 
differences m them nuclease contents 

Escherichia col, American type B (E. colt, B) was grown 
(division time 50 min) aerobically m a mineral salts- 
glucose-ammonium medium by continuous culture’ 
Pseudomonas fluorescens (NCTC 8248) was grown 
(division tıme 55 min) in a similar medium supplemented 
with glutamate 

The bacteria were disrupted in a pressi’, suspended 
(10 per cent wet weight) m 0 145 M sodium chloride with 
5 mM magnesium chloride at pH 65 (SM soln) and 
centrifuged at 25,000g for 1 h at 2°-4° in the No 3010t01 
of the Spmco model L centrifuge to sediment heavy 
particulate material The supernatant was centrifuged 
at 85,000g for 75 h at 2°-4° to sediment ribosomes 
The ribosome pellets were melmned at an angle of 45° to 
allow loose gelatmous material on the surface to fall away, 
this maternal was transferred to the final supernatant 
fraction The ribosomes were washed twice with , 20 
volumes of SM soln and stored under toluene at 2°—4° 

The determinations of protem™, RNA” and deoxyribo- 
nucleic acid (DNA) showed that the distributions of 
these constituents between the fractions were very 


100 g 


a, E coh 





RNA. degiaded (por cent) 


b Ps fluoiescens 
60 





Fig 1 The autodegradation of ribosomes from (a) E coh, B and (b) Ps 

fluorescens m 0 15 M Roth buffers in the presence of (A) mM Mg?*+ (@), 

(B) mM Mg?* and 10 mM orthophosphate (©), or (C) 20 mM EDTA (A) 

Suspensions of ribosomes were incubated at 37° and samples taken at 
2h (A and B) or 10 min (C) 
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Fig 2 The autodegradation of ribosomes in disrupted cells of E colt, B 
{A}, and Ps fluorescens (A) Suspensions were imeubated at 37° in 


015 M Roth buffers in the presence of 20 mM EDTA and samples 
were taken at 10 mm (E coli, B) or 6h (Ps fluorescens) 


similar ın the two species (Table 1) The ribosomes from 
Ps fluorescens, however, had a greater proportion of 
protein to RNA than those from E coh, B 

The ribosomes wore suspended (20 mg dry wt jml ) mn 
SM soln at 2°-4° and diluted with (a) 4 vol. of 015 M 
Roth buffer, (6) 4 vol of 015 M Roth buffer contamng 
12 5 mM sodium orthophosphate, or (c) 2 32 vol of 015 M 
Roth buffer containng 285 mM EDTA The buffers 
were adjusted to values between pH 4 and pH 9 at mter- 
vals of 05 The diluted ribosome suspensions (0 5 ml) 
were incubated at 37° and samples were extracted with 
01 N perchiorie acid at regular mtervals to determme 
the extent of RNA degradation’. The results revealed 
differences between the ribosomes from EF cols, B (Fig 1a), 
and Ps fluorescens (Fig 1b) 

In the presence of mM magnesium chloride, there was 
rapid breakdown of RNA at pH 4-51n E cols, B, but none 
in Ps fluorescens (Figs LA and B) Above pH 7 5the rates 
of breakdown were simuar m the absence of orthophos- 
phate (Fig 14) but, ın its presence (Fig 1B), the break- 
down was stimulated to a greater extent m Ps fluorescens 
than in Æ col, B This suggests that ribosomes from the 
Pseudomonas have a higher content of polynucleotide 
phosphorylase® In this respect, Ps fluorescens more 
closely resembles E cols NC TC 1100 (ref 15) 

In the presence of 20 mM EDTA, the differences between, 
E colt, B, and Ps fluorescens were very marked (Fig 1,0) 
The ribosomal ribonuclease revealed by this treatment was 
very promment m Æ coh, B, and undetectable in Ps 
fluorescens even after continued meubation for 2 h 
The degradation at pH 4-5 observed in the presence of 
mM magnesium chloride iFig la, A and B) could also be 
attributed to the 1:bonuciease since an alkah degradation 
of the primary acid-soluble products, produced only 
nucleoside 2’(3’)-phosphates, which were identified by 


Table 1 DISTRIBUTION OF NUCLEIC ACIDS AND PROTEIN BETWEEN SEDI- 
MENTATION FRACTIONS FROM LEseherechia coh, B, AND Pseudomonas 


Sluorescens 
Fraction E coh, B Ps fluorescens 

Heavy particulate Protein 477 53 
RNA 0 86 0 66 
DNA 019 015 

Ribosome Protein 178 2 25 
RNA 2 20 38 
DNA 0 001 0 005 

Soluble Protein. 84 4 
RNA 0 98 100 
DNA 050 0 54 


The results are expressed as mg/ml of initial, unfractionated suspension 
of disrupted bactena 
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lution pattern from ion-exchange resin and their 
a to periodate’. 

ugh ribonuclease appears to be located exclusively 
16 ribosome fraction of E. colit, this did not preclude 
the possibility that, in Ps. fluorescens, the enzyme is 
present in some other fraction of the cell. To examine this 
point, a suspension of unfractionated disrupted bacteria 
was incubated with 20 mM EDTA between pH 4 and pH 9 
Fig. 2). In E. coli, B, the RNA was broken down at 
bout the same rate as in the isolated ribosome fraction; 
in Ps. fluorescens there was no significant breakdown even 
ter incubation for 6 h, suggesting the absence of the 
izyme from this species. 

The inability to detect ribonuclease in Ps. fluorescens 
may have a simple explanation. It is possible that the 
anzyme is present but tightly bound to an inhibitor and 
that, in other circumstances, it would have been detected. 

































10 min 18 min 
Fig. 3. The sedimentation analysis of ribosomes from Ps. fluorescens, 
(a) A suspension (12 mg dry welght/ml.) In 6-145 M Nal with 5 mM 
MC, at pH 6-5; (b) after dialysing for two days against 0-145 M Natl 
with mM EDTA; (e) after dialysing for two days against 0-145 M 

NaCi with mM EDTA and two days against 0-145 M NaCl with 6 mM 
-o MgCl, Photographs were taken at 10 min and 18 min after reaching full 

-. speed. (47,660 rp.m.) at 25° (R.T.L.C. unit); phase angle 55° 
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If the enzyme is in fact absent, its absence may reflect 
some feature of growth rather than a genetic inability to 
synthesize the enzyme. Whatever the explanation, the — 


ribosomes from Ps. fluorescens more closely resemble 


pes 


certain ribosome preparations from higher cells in having 
negligible ribonuclease activity; in these preparations. 
the ribosomes are not degraded by EDTA beyond smaller 
sedimentable particles?.*.18-?2, Sedimentation analyses 
were carried out to determine whether or not similar 
changes could be observed with ribosomes from Ps: 
fluorescens. ge 

A suspension of ribosomes in SM soln. gave a typ 
sedimentation pattern in the analytical centrifuge (Spineo — 
model E) with & major 45-45 (5 w20) peak and a mi or - 
31:98 peak, corresponding to the ‘50S” and ‘308° ribo- 
somes** respectively, and also traces of a ‘708° and two 
slow sedimenting peaks (Fig. 3a). When this suspension 
was dialysed against 0-145 M sodium chloride with mM. 
EDTA at pH 6, conditions under which the RNA in 
Æ. coli ribosomes breaks down into acid-soluble sub- 
stances, dissociation into more slowly sedimenting com- 
ponents occurred with major peaks at 15-49 and 20-38 
(Fig. 36). When the reversibility of these changes was 
tested by dialysmg back into SM soln., non-specific 
aggregation occurred with the formation of peaks at 
23-LS and 31-28 (Fig. 3c), similar to the aggregation which 
occurs with EDTA -treated ribosomes from higher cells?*4%, 

As in other ribosome preparations which exhibit 
negligible ribonuclease activity, the ribosomes from Ps. 
jiuorescens produce two, more slowly sedimenting còmi- 
ponents when exposed to EDTA. In pea seedlings, 
thymus nuclei**, rat liver microsomes and Novikoff 
hepatoma*?, these components sediment at 23-308 
and 40-468, the heavier component being about twice 
the concentration of the ligher component. In contrast 
to this, the two most prominent components from Ps. 
fluorescens sediment more slowly (15-48 and 20-38) and 
the lighter one is the more prominent (Fig. 36) suggesting 
that the untreated ribosomes react differently towards 
EDTA. It is tempting to speculate, from the sedimenta- 
tion coefficients and the relative concentrations, that. im 
Ps. fluorescens these components are ribosomal RNA®*®; 
however, there is at present no other experimental 
evidence to support this. 

We thank Mr. K. H. Grinstead for carrymg out the 
sedimentation analyses and Dr. K. A. Cammack for his 
advice, 
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“INSECTICIDE RESISTANCE IN THE CABBAGE ROOT FLY IN BRITAIN 


By T. H. COAKER, D. J. MOWAT and G. A. WHEATLEY 


National Vegetable Research Station, Wellesbourne, Warwick 


CA LDRIN and dieldrin are the principal insecticides 
LX used in Britain to control the cabbage root fiy 

ae T (Erivischia brassicae (Bouché)) attacking. brassica crops. 
If the recommended methods for using these insecticides 
_ are followed, that is, a root dip for transplants or treatment 

19 soil around the plants after transplanting, the 
at of active ingredient applied does not usually 
eed 0-4 Ib. per acre and this is adequate to give a high 
~ degree of control’. There is no evidence that resistance 
to these insecticides has developed in Britain when these 

_ recommendations have been followed. 

¿Early in June 1963, a case of a failure to control this 

Rae pest with aldrin was brought to our notice. On a farm 
near Great Rollright, Oxfordshire, the infestation by the 
first generation of the root fly was very severe with up to 
60 or more larve present on many of the plant root 
=o gystems. About 140 acres of the early brussels sprout 
zao gropowere destroyed and several more acres were severely 
damaged, despite the copious use of aldrin as a broadcast 
treatment. to the soil before transplanting and also as a 
spot treatment after planting out; either treatment by 
itself is normally sufficient to effect control. Furthermore, 
enquiries revealed that most fields on the farm had been 
intensively cropped with brassicas (at least five crops of 

- eauliflowers or brussels sprouts in eight years) and that 
both broadcast and spot treatments with aldrin had been 
°° nsed on each crop. The brassica crop on this farm was 
E -relatively isolated from those on neighbouring farms, and 

- gy consideration of these factors suggested that the root 

= fly population on this farm was local and had developed 

‘resistance to aldrin. 

In order to confirm that large amounts of aldrin had 

Hat gs ‘been used. in the past, soil samples were obtained from 
one feld where the crop had been destroyed by the root 
"fly. ‘Two samples were taken from the inter-plant spaces 
and a further two samples from within about 5 cm of the 
<: plant stems in the region which would normally have been 
 apot-treated. Each sample comprised 25 cores x 2-59 

< mm diam.; those from the interplant spaces were taken to 
the maximum estimated depth of cultivation (22 cm), 
while those from near the plants were restricted to 15 em 
jn depth. The samples were thoroughly mixed and sub- 
samples were taken and kept at —8° C prior to analysis. 
80g of soil was extracted with hot acetone and, after suit- 
able clean-up, the extracts were transferred to n-hexane, 
concentrated and made up to 5 ml. Aliquots of the extracts 
were analysed qualitatively and quantitatively by reversed 
paper partition chromatography’, the identities of 
idue components being confirmed by gas/liquid 
matography using an electron capture detector. 



























ration of aldrin in the soil next to the plant 
the time when large numbers of root fly larve 
ent. Aldrin was also present in the soil taken 
etween the plants and there was a high general level 
d ldrin ‘in both types of sample, the dieldrin having 
been. formed by epoxidation of aldrin used on previous 
srops. DDT was known to have been used occasionally to 
control certain foliage pests, and the several components of 
technical DDT, and the degradation product DDE, were 
detected in the samples, thus confirming previous observa- 
tions that foliage treatments with this insecticide lead to 
appreciable residues in the soil, . 
~The remains of the crop were afterwards destroyed and 








Sults in Table 1 show that. there was indeed a high 


four further soil samples were. obtained from the same 


Table 1. RESIDUES IN SOIL SAMPLES TAKEN ON JUNE 18, 1963; ASSESSED 
BY PAPER CHROMATOGRAPHY 
Means of duplicate measurements on duplicate samples 


Position of mone l 


Tasecticide Near plant stem Tnter-plant space 
p. p.m. ib./acre ppm, . Fb. /acre 

Aldrin 13 20 0-70 1-7 
Dieldrin 18 2-7 0-82 20 
p.p -DDT _ — 0°77 1 ES 
agp -DDT oe ==- 0-16 | 0-38 
DDE oe 0-28 0-68 
DDD Small amount ba ae measured 
+ BE HC HOR <O-O18 
Standard error (%)} + 19 $) + 18+ 9 F: 56 $84 


Table 2. RESIDUES in SOIL SAMPLES TAKEN AVGUST-20, 1968, AFTER THE 
IELD HAD BEEN CULTIVATED 


Means of duplicate measurements on four samples 
Chromatographic poca 


Insecticide Paper partition Gas/liquid. - 
ppm. b./acre PPM. Ib, /acr 
Aldrin 0-75 17 OTi 16 
Dieldrin 0-72 1-7 58 13 
p,p- DDT O74 1-7 0-56 1:3 
op -DDE Hi5 035 0-13 0°20 
DDE G22 0-51 ‘13 0-20 
DDD Small amounts ‘anni measured 
y-BHCO 0-008 < 6-018 0-009 
Ktandard error (%} í ie 2 +150 +18 i +131 


fieid on. August 20, 1963, after the soil had been cultivated. 
The residues were assessed by paper and gas/liquid 
chromatography, and the results (Table 2) from the two 
methods are mutually confirmatory. The levels of residues 
found were similar to those in the inter-plant soil samples 
taken in June. 

Laboratory tests. The susceptibility to dieldrin of adult 
cabbage root flies obtained from pupæ collected at Great 
Rollright was compared with that of flies collected 
similarly from a field population at Wellesbourne. The 
root fly population at Wellesbourne is still readily con- 


«trolled by normal applications of aldrin and dieldrin 


although these insecticides have been regularly used - 
during the past ten years. 

Batches of flies comprising equal numbers of newly 
emerged males and females were used for the tests. They 
were anesthetized with nitrogen, and: technical dieldrin 
dissolved in Shell ‘Risella 17°’ oil was applied to the — 
coxal region after which the flies were allowed to recover _ 
and were held at 18° C during the tests. The mortalities | 


were assessed at suitable intervals and tho time/response - 


curves constructed, their average slopes being 0-98 and 
1-40 for the Rollright and Wellesbourne strains respec- 

tively. From the relationship, dose versus time, taken for- 
50 per cent response (Tso Fig. 1) derived from. the, e timme 
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Table 3 DEGREE OF CONTROL OF THE CABBAGE Root FLY POPULATION 
AT ROLLRIGHT BY SPOT TREATMENTS OF INSECTICIDES 


No 4907 


Active No lary Root damage 
Ingredient and pupæ/10 index 
(per cent) plants (per cent) 
Dieldrm 0 03 146 68 
Dieldrin 015 141 63 
Dieldrin 0 30 127 51 
BHC 0 02 84 41 
Diazion 005 22 18 
Untreated — 119 56 
SE (diff) 196 + 786 
LSD (P = 005) +437 +169 


response curves, 1 23 ug dieldrin per fly was required for 
50 per cent response at 24 h for the Rollright stram com- 
pared with 0 035 ug dieldrm per fly for the Wellesbourne 
fhes Further tests usmg aldrm and y-BHOC imdicated 
that the Rollright stram was resistant to these msecti- 
cides also 

Feld tests To test the susceptibility of the larve 
attacking brussels sprout plants at Rollmght, drench 
treatments of three commeraally available msecticides 
(dieldrin, y-BHC and diazmon) known to control the root 
fly under normal conditions were applied to young plants 
on June 26, one week after transplantnmg Two months 
later, at the end of the attack by the second generation 
of the root fly, the plants were sampled and the numbers 
of larve and pupz and the amount of root damage were 
assessed (Table 3) Plants treated with dieldrin, even at 
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ten times the amount normally required to kill susceptible 
larvee, were as severely damaged as the untreated ones and, 
the numbers of larve present were similar Gamma-BHC 
gave some degree of control, and ıt was only the organo- 
phosphorus msecticide, diazmon, which was highly effec- 
tive in reducing both the number of larve and root damage. 

Tt 1s also mteresting that no parasitism was recorded 
in a total of about 2,000 pupæ collected from Rollnght 
whereas in the Wellesbourne population 40-60 per cent 
of the pupæ are normally parasitized by Aleochara spp 
(Col, Staphylmidae) and Idwomorpha rapae (Westwood) 
(Hymen , Cynipidae) 

The ability of larve of the Rollnght stran of root flies 
to survive im the presence of high concentrations of aldrin 
and dieldrin in the soil, and the widely differing sus- 
ceptibilities of the adult fhes from Roillmght and 
Wellesbourne to aldrm, dieldrin and y-BHC, mdhicated 
that the former stram of flies had developed resistance to 
these insecticides This is further confirmed by the 
satisfactory control obtamed m the field by diazmon, a 
result which also suggests that diazmon may be used as a 
possible alternative means of controlling root fly which is 
resistant to the cyclodiene-type insecticides 

We should like to thank Mr K Coghill for bringing this 
problem to our attention 
2Min Agric, Fish and Food, Admsory Leaflet Ne 18 (1962) 


t Wheatley, G A, Hardman, J A , and Strickland, A H , Plant Pathol, 
11, 81 (1962) 


POLYDISPERSITY 
By R. A GIBBONS 


National Institute for Research in Dairying, Shinfield, Reading 


T seems desirable to attempt to clarify the concept of 
polydispersity ın biological macromolecular prepara- 
tions The term ‘polydisperse’ has often been used as a 
synonym for heterogeneous, nevertheless there is a general 
sense, as a rulo, that the former implies a less-rmpure 
preparation than the latter It appears to me that there 
18, or should be, a valid distinction between these two 
terms which ib is useful to maimtam 
A preparation which 1s monodisperse with respect to 
all its properties, that ıs, homogeneous sensu sirictorr, 
consists of an assemblage of identical molecules, having 
the same electrophoretic mobility, frictional coefficient, 
chemical composition and structure, immunological 
reactivity, etc The variance of all measurable para- 
meters throughout the sample is zero If this ıs not so, 
and one or more parameters show some variability within 
the sample, two types of variability may be usefully 
distinguished Where n; 18 the number of molecules in 
the sample possessing amount p; of a measurable property, 
pı may be (1) a ummodal or (2) a bı- or poly-modal fune- 
tion of nm» A preparation in which p; varies unimodally 
with n; for all measurable properties p (that ıs, the 
distribution curves have one maximum value and two 
points of inflexion only) may ın most contexts be con- 
sidered a pure or homogeneous preparation, provided 
that the variance 1s not great The molecules in such a 
sample constitute statistically a single population, and 
this should be the criterion of a polydisperse preparation 
Where the vanability of any parameter can be shown to 
be bi- or poly-modal, the preparation should be charac- 
terized as heterogeneous 
In this way a preparation contaiming molecules which 
are all the same type, but which vary only in chan- 
length or m some other structural detail, 1s distinguished 
from a mixture of two different molecular species Thus 
pure samples of chondroitin sulphates A and B would 
each be homogeneous but polydisperse (with respect to 
chain-length), but a mixture of the two would be hetero- 
geneous even if the molecular weight distributions for 


each component happened to be the same, for the 
distribution of other parameters (amount of glucuronic 
acid per molecule, optical rotation) would be bimodal 
Clearly, a preparation may be monodisperse with respect 
to one parameter, polydisperse with respect to a second 
and heterogeneous with respect to a third, the foregoing 
terms are only meaningful if the parameter measured 1s 
impheitly or expleitly specified 

It ıs assumed. here that biological macromolecules may 
be produced having the type of variability ın physical 
and chemical properties which may be approximated to 
a continuous distribution, as for example the chain-length 
of a synthetic polymer This assumption is not com- 
patible with present-day views on the very high degree of 
precision with which proteins are synthesized}, but there 
ıs no reason to believe that all macromolecules, or even 
all protems, arise by primary gene-directed synthesis. 
Proteins are indeed something of a special case among 
naturally occurrmg macromolecules in that the primary 
structure is specified by the gene DNA, and any varı- 
ability 1s lumited to the loss of nformation in transmission 
between gene and microsome Present evidence suggests 
thisis slight? Genetically determined variants of what 1s 
functionally the same protem exist in some profusion? 

Where a protem is made up of a number of sub-units, 
themselves polymorphic in the genetic sense, the number 
of distinguishable ‘isoproteins’ may be quite large, even in 
one individual In these circumstances, it may sometimes 
be convenient to regard the material as polydisporse ın 
the sense defined with respect to some of 1ts properties, 
for example, sedimentation coefficient or electrophoretic 
mobility Even so, this type of variability ıs generally 
likely to lack sufficient of the random element for any 
molecular parameter to be usefully considered as con- 
tinuously variable, but 1t has been suggested that some 
degree of random variability ın secondary or tertiary 
structure may confer polydispersity with respect to 
frictional coefficient on some proteins? The position is 
otherwise with regard to substances the synthesis of which 
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is not directly gene-contiolled Genetic contiol is exer- 
cised here only in the sense that the gene (01 genes) 
produces an enzyme which participates in the biosynthetic 
system Glycogen is a well-studied macromolecule which 
is known to be produced ın this way® At least two 
enzymes, themselves the products of different genes, are 
involved co-operatively in its synthesis, and, while these 
enzymes are quite specific in the type of chemical linkage 
which they intioduce, the length of the poly-glucoside 
chains and the precise position of the 1—6 branch points 
are subject to a limited amount of random variabuity®® 

Thus, glycogen is not a unique chemical mdrvidual, 
any preparation contains molecules which vary both in 
molecular weight and in detailed chemical structure 
Another material which 1s similarly produced ıs the 
human blood-group substance This may seem surprising 
since the sunple Mendelian mherrtance of the blood-group 
characteristic suggests a close relation of the blood-group 
substance and the gene, but this ıs not so The ABO 
blood-group antibodies react with rather small specific 
oligosaccharide groupings’? which are introduced quite 
late in the synthesis of the macromolecule! The enzymes 
which effect this mtroduction are themselves presumably 
the products of the blood-group genes. The blood-group 
substance molecule, as present ın mucous secretions, 13 the 
product of many genes, and the evidence suggests that, 
hike glycogen, there 1s considerable natural variation mn the 
size and structural detail of these substances? Its likely 
that many macromolecular substances, particularly when 
they are largely or entirely non-protein in character, arise 
inthis way Thus epithelal mucus contains a number of 
mucosubstances chemically similar to the blood-group 
substances?*, and their biosynthesis is unlikely to be 
radically different The composition of one of these 
substances varies with the hormonal state of the animal?!, 
this indicates that polydispersity with respect to one 
aspect of the structure of this molecule (amount of 
terminal neuramimic acid present) ıs of biosynthetic 
origin Some protems may likewise be modified by other 
gene products before reaching their final functional state!” 
In very large molecules, the extent of variability arising 
from a quite small degree of imprecision in biosynthesis 
may be very great—for example the number of theoretic- 
ally distinguishable glycogen molecules of molecular 
weight 107 18 greater than 10%% A sample of this poly- 
saccharide can never be other than polydisperse, but a 
pure or homogeneous preparation of glycogen is nevel- 
theless a meaningful concept Thuis ıs the yustification for 
the distinction between ‘heterogeneous’ and ‘polydisperse’ 
which 1s proposed 

It is necessary to reconsider the customary criteria of 
homogeneity to distinguish criteria of homogeneity from 
criteria of monodispersity Thus the observation of a 
single boundary in a sedimentation velocity or electro- 
phoretic experiment ıs evidence of homogeneity within 
the lhmuts of sensitivity of the optical system, the more 
rigorous ultracentrifugal test of Creeth® or electrophoretic 
test of Alberty! distinguish monodisperse from poly- 
dispeise materials Furthermore, ıt 1s desirable to charac- 
terize a preparation which 1s polydisperse with respect to 
any given property by the variance of this property (or 
better 1ts distribution function) in addition to its mean 
value This 1s now possible, under favourable conditions, 
for sedimentation coefficients!5 and electrophoretic mobıl- 
ties? 

It is always theoretically possible to subfractionate a 
polydisperse material Where this is also possible in 
practice, the subfractions may, indeed should, be dis- 
tinguishable chemically This 1s to be interpreted as 
evidence of polydispersity rather than, necessaridy, of 
mhomogeneity Furthermore, if the naturally occurrmg 
material ıs considerably polydisperse, small variations in 
1s0lative procedure will select a slightly different assem- 
blage fiom an initially polydisperse starting material 
Different preparations of what ıs allegedly the same 
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substance will then show small but sigmficant physical 
chemical and possibly biological differences from one to 
another, a circumstance which has caused confusion 
The blood-group substances and the submaxillary muco- 
proteins would appzar to be instances where this has 
occurred 

In considering the properties of a polydisperse assem- 
blage to be contimuously vanable ıt has been tacitly 
assumed that the quantities of all variable properties 
considered, when expressed as amount per molecule, are 
large This is tantamount to considermg only high- 
molecular-weight material Where relatively small 
macromolecules are concerned, ıt 1s necessary to take 
into account the fact that all differences between molecules 
are ultimately discrete differences It may then be better 
to represent the distribution as a discontinuous histogram 
rather than a smooth curve, for ıt may prove possible to 
separate adjacent members of a polydisperse assemblage 
into discrete subfractions A recent examimation of 
human «,-glycoprotem suggests that this has been achieved 
in this instance!? In an extreme case, such as that of 
ovalbumin, which may have none, one or two phosphate 
residues only per molecule}, the statistical concept of 
molecular variability outhned here is no longer helpful 

Molecular variability has been discussed at length by a 
number of authors* It ıs submitted that confusion has 
arisen because ıt has been tacitly assumed in many cases 
that the system which is now being revealed as responsible 
for the primary DNA-directed synthesis of protems (or 
sub-units of proteins) ıs the only important biosynthetic 
mechanism for macromolecular substances This is 
clearly not true for a number of polysaccharides and 
glycoproteins, and may not be true of all proteins The 
distinction between primary and secondary gene-products 
18 & useful one, though probably not absolute, thus the 
protem portion of a glycoprotein may be a primary gene 
product whereas the saccharide portion may not be 

When the substance under investigation 1s a protein 
which 1s believed to be directly derived from the gene or 
genes which control its synthesis, it may be justifiable 
to regard evidence of polydispersity as indicating the 
presence of either impurities or degradation products 
This view has, however, served to obscure a distinction 
which assumes some importance when biosynthesis 1s not 
directly gene-controlled and consequently the materal 
being examined does not necessarily consist of an assem- 
blage of identical replicates 
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Ultra-violet Gas Laser at Room Temperature 


ULTRA-VIOLET coherent hght has been generated directly 
at 100m temperature in a pulsed nitrogen-gas laser A 
group of 20 strong simultaneous lines have been observed 
m the ultra-violet Thirty lnes have been identified 
These range ın the ultra-violet spectrum from 3000 A to 
4000 A The strongest line has been observed at 3371 A, 
the strongest visible line is at 3400 Å The output radia- 
tion 1s belheved to be produced as the result of version 
in the triplet state of nitrogen, resulting ım subsequent 
emission in the second positive group, C%nx,->B*nxg The 
beam has a full angular width of 1 mulliradian, as 
measured 100 ft fiom the confocal laser cavity 

The plasma 1s excited with a 100-150-kV pulse of sub- 
usec duration The coherent-light pulse width 1s as short 
as 20 nsec Despite the short pulse duration the output 
spot of the laser ıs exceedingly brilhant The output spot for 
the confocal Fabry—Perot cavity does not contam the usual 
mode structure associated with single line operation, a 
characteristic that is noted when several sets of transitions 
compete simultaneously 

Output powers of the order of 10-W peak have been 
obtained summung over the lines The plasma tube has a 
48-m discharge-length Cold cathode excitation 1s used 
The silver-coated flint glass end murrors are spaced at 150 
em The radius of curvature of the mirrors 18 approxim- 
ately 400 cm One mirror ıs heavily silvered, whereas the 
other transmits 2 5 per cent ; 

The infra-red nitrogen band spectra’, which can be 
produced with 40-kV, 30 amp pulses of 1 usec duration, are 
not observed when high-voltage pulses are applied 

H G HEARD 

Energy Systems Inc 

Palo Alto, California 
t Mathias, L , and Parker, J T, J dpp Phys Letters, 3, 16 (1963) 


Exchange Currents at Liquid Electrodes 


Rares of non-equilibrium processes cannot be calculated 
a prore without quantitative hypotheses as to energies 
(heats) of activation I emphasize this ti1uism for electro- 
chemical interface phenomena because ions are field 
particles in the sense that the potential barrier, over 
which they pass between the bound state and the solvated 
state, ıs itself changed by their passage Only ın thermo- 
dynamic equilibrium do ions become mere test particles, 
and ıt 1s perhaps for this 1.eason that reversible thermo- 
dynamics does not always appear fruitful m this field 

In a recent communication! a model of the potential 
barner, separating ions of a solid metal from solution, 
has been put forward and compared with known obser- 
vations I now reconstruct that model for mterfaces 
between liquid metals and polar (aqueous) electrolytes 
The basis of the model ıs retained: the height of the 
potential barrier (activation energy for dissolution) is the 
corresponding height, Va, with respect to vacuo (the real 
potential) divided by the dielectric constant, e{w), of the 
electrolyte taken at the vibration frequency, w, of the 
bound ions m accordance with Debye’s theory? of the 
dispersion of the dielectric constant Thus the electrolyte 
18 Viewed as a continuous dielectric medium with regard 
to the weakening of electrostatic interactions, but as a 
set of molecular dipoles with regard to ıts temperature- 
dependent response to the local electrical perturbations 
caused by the oscillations of 10ns bound at the mterface 
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The barrier has, therefore, a different height for each 
vibration frequency, the probability of dissolution per 
ion and unit time being again?! (w/2n)exp[— Vofelo)kT] 
We thus need to know the distribution of bound surface 
ions over frequencies, and for this purpose the specific 
heat model of Debye? has been adapted! for solid elec- 
trodes Its counterpart for the vibrations of hgud metal 
surfaces has been given by Frenkel‘, who considered 
surface capillary waves rather than elastic volume waves 
and obtained a cut-off frequency by regarding twice the 
mean particle separation as the shortest admissible wave- 
length, correspondmg to a maximum wave number 
K=Kmax The dispersion of capillary waves is given by 


o= 2nK*l(o/p)4/2 (1) 


o bemg the surface tension and p the density of the metal 
The number of vibration modes per unit surface area 
(which may be equated to three times the surface concen- 
tration of rons, m the manner of Debye?) between K and 
K + dK 1s 2rKdk, so that the absolute dissolution rate 18 


Emax 
2 1/2 
R= FC) | exp[ — Vo/e(K)kT]K PaK (2) 
0 


Wave numbers in the region of Kmax correspond by 
equation (1) to frequencies larger than the inverse Debye 
relaxation time l/r of water molecules At such frequen- 
cies the orientational part of the polarizability vanishes 
and the activation energy becomes prohibitive at room 
temperatures (about V,/3) It is for this reason that a 
good first approximation for R ıs obtained by putting 
Kma, ~ œ together with V,/e x (Vole) (1+ *+*), 
where ¢,7,80 18 the static diclectric constant of a dilute 
aqueous solution 

P(7/6) /_9? 


= Sian) To? 


13 exp( — VafeskT) (3) 


(VojeskT)7!6 


T(7/6) ~ 0 93 being a I-function The correspondence 
between equations (2) or (3) and the corresponding 
expressions for solid metals‘ may be brought out by 
compaiing Frenkel’s cut-off frequency with Debyo’s 

When. the liquid electrode comes to equilibrium with a 
solution of 1ts 10ns, the surface tension o1s connected with 
the electrode potential according to Lippmann’s equation’ 
(note that R ıs the smallest at the potential of the electro- 
capillary maximum) We may then identify® zeR (ze 1s 
the ionic charge) with the exchange current density 
obtained by extrapolating Tafel’s overvoltage relations 
to zero net current? It can be shown that Hgtt ions are 
dissolved in monovalent form (V,s65 eV from a well- 
known cycle) and are ionized further by a fast redox 
step, and ıf we disregard the shght electrocapillary effect 
of the Hg*+ concentration in solution on o, equation (3) 
yields some 1 4 amp ecm at room temperature (not count- 
ing the electron current, 1f we count only one degree of 
freedom per surface ion, this result 1s to be multiplied 
by 3) This agrees with the observation that the exchange 
current density should exceed 0 4 amp cm~? 

On the other hand, from the expression for R of sohd 
metals! we obtam for Cut at room temperature the 
exchange current density of 38 x 10-5 amp cm- as 
compared with the observed’ value 2x 10-5 amp cm-* 
Considering the complexity of the physical situation, the 
calculated values for the liquid as well as the solid eleo- 
trodes agree well with measurements The two appro- 
prate frequency distributions being very different from 
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each other, the method of constructing the barrier appears 
to be successful. 
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Fluorescence Spectrum of Di-cæsium Uranyl 
Nitrate 


Ix the course of our investigations on radiation effects 
on cæsium uranyl nitrate (CsU0,(NO,),) 16 was found that 
the spectrum of di-ce#sium uranyl nitrate ıs not known. 
although the spectra of the corresponding di-rubidium and 
di-potassium uranyl nitrates are known Attempts to 
prepare di-cesium uranyl nitrate (Cs,00,(NO,),) do not 
seem to have been successful so far It has, however, been 
possible to prepare the salt and examine its fluorescence 

spectrum which 1s recorded here 
~ If an aqueous solution contaming cæsium nitrate and 
uranyl nitrate hexahydrate m the molar ratio of 2 1, 
or slightly higher, 1s allowed to evaporate ıt is possible to 
get either mono-csesium uranyl nitrate or di-cesium uranyl 
nitrate by controlling the temperature at which evapora- 
tion occurs. Thus at 26° C the crystals which separate 
out are mostly the well-known pale green crystals of mono- 
cesium uranyl nitrate mixed with a few yellowish-green 
crystals which can be easily picked out from the bulk 
of the crystals If, however, the evaporation is carried 
out at 10° C it 1s found that only the yellowish-green 
crystals are obtained. Chemical analysis and X-ray 
diffraction studies of the yellowish-green crystals thus 
obtained prove conclusively that they are the di-czes1um 
uranyl nitrate crystals 

The fluorescence spectrum of the di-cesium salt at 
77° K which is shown in Fig 1 consists of an extended 
system of bands The structure of the spectrum as mdi- 
cated in Fig 11s in general sımılar to that of the mono- 
cesium salt The symmetric vibration Æ occurs in several 
quanta (observed up to four) alone and in combination 
with a single quantum separately of each of the anti- 
symmetric vibration B, the bending vibration C as well 
as several of the NO, and the so-called latitice frequencies 
Thus B, C, NO, and the lattice vibrations occur only in 
single quantum either alone or each ın combination with 
one or several quanta of A The B band is more imtense 
than A and the strongest are 4 + B, 2A + B, 3A + B, 
and 44 + B combination bands The frequencies of 
vibration of the VUO,tt ion are, however, different from 
those of mono-cxs1um uranyl nitrate and as derived from 
the fluorescence spectrum are 857 2 em~! (sym A), 936 1 
em-! (antisym B) and 2590 cm-! (bendmg C) The 
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Table 1 
Ratio of vibration Blantisym) 
frequencies A(sym) 
Salt Ratio 
Ca,U0,(NOs), 1 09, 
UON Os) 1 08, 
K,U0,(NO;3), 1 09, 
Ratio of vibration frequencies of mono- and di-alkali uranyl nitrates 
Vibration meee Cs monn ky mono 
{sym} 1 02: 1 03, 1 60, 
B (antisym) 1 02, 1 02, 1 00, 


resonance band, R, 18 at 20,751 cm~ (4817 7 A). Certain 
relevant relations between frequencies of the mono- and 
di-alkal salts are givenin Table 1 The values of vibration 
frequencies for the various uranyl salts except those of 
di-cesium uranyl mitrate are taken from Dieke and 
Duncan? 
R K ASUNDI 
R.M Drxrr 
Spectroscopy Division, 
Atomic Energy Establishment Trombay, 
Bombay 28 
‘Dieke, G H, and Duncan, A B F , Spectroscopie Properties of Uranium 


Compounds, Nat Nuclear Energy Ser, Div 3, 2 (MeGraw-H1ll Book 
Co , Inc , New York, 1949) 


Run-off of Cwesium-137 and Strontium-90 
from Rivers 


Tax factor of weathering must be taken mto considera- 
tion mn the prediction of future radiation dose, erther 
external or internal, caused by the accumulated ground 
deposits of fission products 

Measurements have been made since 1960 on the 
concentrations of cesium-137 and strontium-90 in the 
River Tonegawa, which has the largest catchment area in 
Japan Monthly deposits of these radionuchdes were also 
measured at Karu City, which 1s situated in the viemity 
of the sampling station of river water The results are 
summarized ın Table 1 The concentrations in ram water 
were calculated by dividing the monthly deposits by the 
monthly ramfall 

An attempt was made to evaluate the run-off of a 
radionuchde m terms of the cumulative deposition and the 
deposition rate on the basis of an expression of the 
followmg general form 


"O = Ca + pC, 


where C 1s the concentration of a radionuclide in the river 
water (uuc./l ), Cr 1s the concentration of the radionuchde 
in the ram water (upe /l) corrected for the evaporation 
(30 per cent ıs assumed), pr 18 a proportionality factor and 
Ca 1s the concentration of the radionuchde m the river 
water which was derived from the cumulative deposition 
Ca may be assumed to be a function of the cumulative 
deposition but smce its dependence on time durmg the 
period of this observation was rather small as compared 
with that of C, 1t has been temporarily assumed to be 
constant 
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n analyses by use of the data shown in Table 
e values of ‘pr for.cesium-137 and strontium-90 
and 0-072, respectively. This implies that 1-3 
of cxsium-137 and 7-2 per cent of strontium-90 
the land surface which originated from fall-out 
w carried by river to the sea. We have also 
the values of 0-035 and 0-064 uuc./l for Ca 
actively for cesium-137 and strontium-90; these 
entrations indicate the run-off of the cumulative 
nd deposits as the result of weathering. 

To check the geographical variation of these values, 
which may be recognized between different water sheds, 
nk easurements. were made on the river waters. collected 
rom several localities in Japan during August 1962. The 
sults shown in Table 2 indicate an approximate constancy 
between different rivers in the concentrations of both 
wesium-137 and strontium-90. This suggests the universal 
validity of the proportionality factors p, for Japanese 
‘rivers. 





Table 5 2. CONCENTRATIONS OF CASIUM-137 AND STRONTIUM-00 IN RIVER 
ee WATERS IN JAPAN (AUGUST 1962) 


no Day of 

mer River collection 1976 Sr 

ae (August) = (#uc./1.) (upe./1.) 
 Oyodogawa 1 0-32 0-19 
Ei a 
Beet eat Wa. 0 t . 
> Kusuryiigawa 10 0-35 0-49 
 Aganogawa 19 0-21 — 
 Shinanogawa 19 0:45 0:46 
i y (23 0-32 


AY. 0-82 + 0-08 0-87 +014 


a “The validity of the values of Ca for different rivers is 
aa supported by the work of Miyake and Tsubota', who 
reported a similar constancy for river waters collected in 
Japan during July-August 1961 when the deposition rate 
was the smallest and the contribution of the ground 
eposits through leaching was the largest. 

The cumulative ground deposit (D) caused by the con- 
uous and constant deposition rate (R) can be shown by 
lowing equation : 


anneanne e te 















“annum on athe bonis of tho 3 mean concen- 
given earlier and the total discharge of 
f river water in Japan. By assuming the 
e depositions of cxsium-137 and strontium-90 
1d 28 me./km!? respectively in the spring of 1962 
total land area as 3-65 x 105 km?, the weathering 
; Xy would be calculated as 6-0 x 10-* and 3-1 x 
espectively for these radionuclides. These values 
much lower than those of the radioactive decay 
by. factors of 8 for strontium-90 and 40 for 
7. Half the ground deposits of casium-137 
ntium-90 would only be leached out after 1,150 
ars, respectively. Hence, no weathering factors 

msi j ; pæsium- 137, in the 
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Grain Boundary Cavitation in Molybdenum — 


Tue formation of cavities at grain boundaries under = 
creep conditions had been observed in many metals and =~ 
may lead to intercrystalline failure’. We have observed 
such cavitation in molybdenum wires of 0-010 mm diam. 
heated by electron bombardment to temperatures be- 
tween 1,500° and 2,500° C (that is, above 60 per centofthe 
absolute melting point) and strained a few per cent at — __ 
rates of 1-5-2-5 per cent elongation per hour. These Cavi- 
ties are of the two types identified by. McLean in _ 
Nimoniec-type alloys', wedge-shaped and ellipsoidal. 
Zener® suggested that wedge-shaped cavities are formed 
by the stress concentration at a grain boundary junction 
when sliding occurs on boundaries meeting there. RE 


Stresses dib./in.®) on the molybdenum Pe ee 
wire up to but not exceeding = =+: 
š + 3000: ESN 
No. of experiments 14 31 eer Seer 
Percentage developing cavities 28 42 I E 
Percentage developing wedge cavities 7 26 36- i J 


Ellipsoidal cavities form at any point along a boundary a 
which is roughly perpendicular to the strain axis. These 
cavities may link together, forming intererystalline _ 
cracks. The proportion of experiments leading to the 
formation of cavities increases with the temperature of 
the molybdenum and with the total strain. ‘The propor- — 
tion of samples developing cavities, and the proportion of 
cavitated samples in which the cavities are of wedge type 
increase with the stress (Table 1). McLean reported > 
the same relationship between cavity type and stress: in - : 
alloys of Nimonie type’. fe 
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Enhanced Age-hardening in Aluminium- o es 
Magnesium Alloys DE 


ALTHOUGH the solubility of magnesium. in aluminium is | 
as high as 16-8 per cent (alloy contents are expressed as. 
atomic percentages) at 450° C (ref. 1), and decreases 
estimated value of 1 per cent at room temperat: 
alloys show an. abnormally small response to ¢ 















ageing characteristics of these alloys are chan 
additions of third elements, as happens: in 
alloys such as aluminium-copper? and al 
For example, the addition of 0-45 per cent zi 


ium-8 per cent magnesium ¢ causes only a small 










670 


hardening‘ even though age hardening is very marked in a 
wide range of aluminium—zinc-magnesium alloys. 
Polmear’ has shown that trace additions (<0-1 per 
_ cent) of silver have a unique effect on the response of 
many aluminium-—zine-magnesium alloys to ageing in the 
medium temperature range (120°-220° C). Nucleation of 
the phase formed at these temperatures is facilitated so 


100 
BASIC ALLOY At- Sats Mg 
ALLOYS SOLUTION TREATED 475°C, 
COLD WATER QUENCHED, AGED ioe. 
F: 
AÍ 80 
ws 
$ 
ves 
= 70 
jaw 
80 
50 





0-01 1 1 10 100 
Ageing time (days) 


Fig. 1. Effects of small additions of silver and copper on the hardness- 
time curves for aluminium — 5 per eent magnesium aged at 150° C 
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Fig. 2. Replica electron micrographs showing the effect of silver on the 
microstructure of aluminium~7 per cent magnesium solution treated 
475° C, cold water quenched, and aged 10 days at 178° C, a, No silver: 


b. 0-12 per cent silver, (x 3,000) 
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that the precipitate is very finely dispersed. Because of 
these structural changes, higher hardening is achieved. 
Possible effects of silver are now being sought in other 
alloy systems, and some interesting results have been 
obtained for several aluminium—magnesium alloys. 

It has been found that quite small amounts of silver 
may induce hardening in several wrought aluminium- 
magnesium alloys which normally do not age-harden. 
These effects were again evident in the medium tempera- 
ture range, and Fig. 1 shows an example of this for the 
alloy aluminium-—5 per cent magnesium aged at 150° C. 
Some hardening occurred on adding 0-025 per cent silver, 
and this became quite pronounced for the higher silver 
content of 0-08 per cent. The effect of this latter amount 
of silver was notably greater than that obtained on adding 
an equivalent amount of copper. 

Binary alloys containing higher magnesium contents 
show some response to artificial ageing, and in these alloys 
silver both accelerated ageing and increased hardening. 
An examination was made of the effects of silver on the 
microstructure of one such alloy, aluminium-7 per cent 
magnesium aged at 175° C, and the results are shown in 
Fig. 2. It is clear that silver has again caused the precipi- 
tate to be finer and more uniformly dispersed. 

These results suggest that silver may also have a unique 
effect on ageing in aluminium—magnesium alloys. The 
magnitude of these effects is less than those observed on 
adding silver to aluminium-zine-magnesium alloys; but 
it is significant to note that each alloy system behaved in a 
similar way. This observation may contribute to the 
understanding of the mechanism by which silver modifies 
ageing in certain aluminium alloys. For example, it now 
seems possible that an interaction between magnesium and 
silver atoms may be important in this regard. The present 
results may also be of practical interest since wrought 
aluminium—magnesium alloys are used for many applica- 
tions in which increased strength could be an advantage. 

Both the theoretical and practical aspects are being 
studied in more detail, and results will be reported 
elsewhere. 

We thank D. W. Glanvill and P. Curcio, who assisted in 
the experimental work. 
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CHEMISTRY 


Negative Degrees of Freedom and the 
Phase Rule 


IN a recent paper, Brynestad! states that the occurrence 
of negative degrees of freedom “is entirely improbable, in 
opposition to the statement of Halliwell and Nyburg?”, 

Most of Brynestad’s paper is not concerned with this 
particular issue but with suggesting that S (the total 
entropy), V (the total volume) and the masses of each 
atomic species present in a system be used to discuss the 
phase rule rather than T, P and these masses. Lest there 
be confusion about this we should say we agree with 
Brynestad that this choice of variables has advantages 
particularly in defining the masses of each phase present, 
a feature missing from the T, P scheme. 

The question at issue can be illustrated by a simple 
example’, Suppose we were to find two substances, A and 
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B, the triple pomts of which were so close that when placed 
in the same vessel the mutual, but limited, miscibility of 
the hquid phases brought the triple pomts into exact 
coincidence In this case we should have five co-existeat 
phases. solid A, solid B, A-rich liquid, B-rich hquid and 
mixed vapour Then F= —1 The significance 1s clear 
the degree of freedom lost 1s that, having chosen A, not any 
B will suffice, B has to have specific physical properties 

This conclusion 1s, to us, refutable A subsidiary issue, 
and one which seems to preoccupy Brynestad, 1s “How 
hkely is this to happen?” According to Brynestad it 1s 
entuely umprobable, a curious phrase, the meaning of 
which 1s made clearer by his comparison with the chance 
of failure of the second law of thermodynamics on a 
macroscopic scale We do not know how this estimate was 
arrived at and we do not believe that one can seriously 
discuss the chances of finding materials with the necessary 
physical properties in terms of normal probability theory 
In the strict application of the theory one would be forced 
to admit that no two people had the same height or weight 

The issue resolves into a question as to how accurately 
can triple points be specified as to 1emain physically 
meaningful ? The accuracy cannot exceed the imevitable 
statistical fluctuations of the system Within these 
limits we do not see why, if one was patient enough to 
search, one would not find substances falling within the 
required hmits We do not regard the practical issue of 
importance We do insist, however, that if a system 
having F= —1 were found the physical significance 
would be that which we have given 
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Formation of Peroxidic Precipitate in the 
Radiolysis of Urany! Nitrate Ketone Solutions 


Tr has been found that in the radiolysis of moist uranyl 
nitrate methyl isobutyl ketone solutions saturated with 
oxygen @ yellow insoluble substance 1s formed Thuis 
remams clinging to the walls of the irradiation vessel 
According to the weight analysis of the piecipitate the 
most suitable formula appears to be UO, 4H.O 

Gamma.-radiation of cobalt-60 at the dose rate 0 6 x 1018 
to 40x10 eV/ml hwas used Yield G(U) 1s given by the 
number of uranium atoms in the precipitate formed due 
to the absorption of 100 eV m solution 

The dose dependence of the precipitate formation 18 
givenin Fig 1 In the concentration range of 0 001-0 1M 
UVO,NO,), 6H,O the mitial yield G(U)=27 At con- 
centrations of 0 001 and 0 01 M the precipitate formation 
18 stopped at corresponding doses as a consequence of the 
exhaustion of uranium from the solution At higher 
concentrations than 01M the yield G(U) 1s smaller and 
an induction period appears At concentrations above 
01M the precipitate is no longer formed 

The water concentration has a noticeable mfluence on 
the precipitate formation At the concentration of water 
given only by the crystallinice water of UO,(NO,). 6H,O, 
the precipitate 1s not formed at all With mereasmg 
concentration of water the precipitate yield is increased 
and, reaches & value of 2 7 when the solution is saturated 
(about 1-3 M H,O) 

The mfluence of nitric acid is evident from Table 1 
As nitric acid 1s also formed during the radiolytic decom- 
position of uranyl nitrate the decrease in G(U) at doses 
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ing U/10 ml 





107° eV/ml 


Fig 1 Dose dependence of precipitate formation m methyl isobuty1 
ketone saturated with water and oxygen 1,05M, 2,02M, 3,015M, 
4,01M, 6,001 M, 6,0001 M UO,(NO,), 6H,0 


above 2 x 107° 6V /ml may also be due to the action of that 
acid At concentrations higher than 0 1 M UO,(NO,), and 
m the presence of water, some hydrolysis of uranyl 
nitiate evidently occurs The nitric acid formed m this 
way can also be responsible for the decrease of the pro- 
cipitate yield at these higher concentrations and even- 
tually for the enhancement of the induction period 

Replacement of the oxygen atmosphere by air causes 
the appearance of the mduction period even m solutions 
of 01M UO,(NO,), concentration and the yield G(U) 
to decrease to 24 Consumption of the aerial oxygen 18 
achieved at corresponding doses and the precipitate 
formation is stopped In a nitrogen atmosphere the 
precipitate 1s not formed at all 

The precipitate formation m the two-phase systems 
(5 ml of water+5 ml of ketone solution) 1s demonstrated 
by Fig 2 Accordmg to the distribution coefficients the 
uranyl nitrate concentration m the water phase 1s much 
greate: than that ın the ketone phase! From visual 
observation ıb 18 evident that the precipitate is formed 
predommantly at the terface In this mteiface a dia- 
phragm, which is characterized by some mechanical 
strength, is gradually bult Its existence mmpedes any 
further precipitate formation (Fig 2), only m the case 
of its mechanical destruction 1s the precipitate formation 
partially restored This remarkable mode of precipitate 
formation indicates that the most favourable reaction 
conditions are at the mterface But by the building 
of the mechanical membiane these conditions gradually 
deteriorate, the mutual diffusion of reactants 1s sup- 
pressed and the reactions leading to the precipitate 
formation are stopped 

Similar results were also obtained with methyl cyclo- 
hexanone solutions The precipitate is formed only when 
the concentration 18 less than 0 2 M UO,(NO,),., at 0 05 M 
concentration G(U) attams a constant value of 36 
The same sahent effect of water concentration was ob- 
served Addition of mitric acid mbhibits the preciprtate 
formation and even at a concentration of 0 028 M HNO, 
in 01 M UO.(NO,), solution the suppression 1s complete 

The mechamam, of formation of the uranium peroxidic 
precipitate m these systems 1s apparently not a simple 
one One can assume that the precipitate is formed by 
reaction of the uranyl nitrate with peroxidic radicals 


Table 1 01M UO,(NO;), SATURATED WITH WATER AND OXYGEN 
Concentration of aces HNO; G(U) 


mole/1 
00 27 
28 20 
70 12 
140 00 
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Hig 2 Dose dependence of precipitate formation in two-phase 


systems saturated with oxygen ‘The total dose 1s the sum of doses 
absorbed ın aqueous and m organic phase, the concentration of 
UO,(NQ3), 2H:0 in aqueous pian, aie coy 2,C5M, 3,02M, 4, 


‘ and/or with hydrogen peroxide So long as the uranium 
peroxidic compound remaims mm solution 1t 18 decomposed 
by the radiolytic process As soon as its concentration 
exceeds the solubility limit, 1t 1s precrpitated and so 
protected agamst further decomposition The existence 
of the mduction period may be understood m a sumnuilar 
way The solubihty of the uranium peroxidic compound 
can be affected by the nitric acid and consequently the 
yields Q(U) and length of induction periods changed 
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New Fluorine Compounds of Technetium 


Iw contrast to the many fluorides, oxide fluorides and 
complex fluorides known for rhenium, only a few com- 
pounds of technetium have been reported, namely, the 
hexafluoride TcF, (ref 1), the trioxide fluoride’, and salts 
of the quadrivalent TcF™, 10n3 

Preimimary results m these laboratories mndicate that 
the blue oxide tetrafluoride TcOF, (mp 134°) and the 
yellow pentafiuoride {m p 50°) are formed as by-products 
in the direct fluormation of technetium metal The oxide 
tetrafluoride 1s much hke the rhenium analogue* in 
appearance and in physical properties, and the magnetic 
moment (uer (25°) = 1:76 Bohr magnetons, 9 = 9°) ıs of 
the expected order for a d, compound The pentafluonde 
18 isostructural with chromium pentafluoride and has 
orthorhombic symmetry (a, = 7 6, bo = 58, co = 166 A) 
It ıs more stable than rhenrum pentafluoride! , but 
begins to decompose ın glass at 60° 
_ Technetium hexafluoride can be reduced more easily 
than rhenium hexafluoride The action of a solution of 
potassium iodide m iodine pentafluoride (that ıs, of I, 
-+ IF,-) on the compound leads to a quadrivalent species, 
probably KT ck, (ef KMnF, (refs 8 and 9)), the corre- 
sponding reduction of ReF, gives Re(V) as the salt KReF, 
However, the action of solutions of alkal: chlorides on 
TcF, ın IF, gives Tc(V), and the salts NaTcF, and KTcF, 
have been prepared and characterized These yellow 
compounds are isostructural with the corresponding 
ruthemum derivatives??! and differ from the rhemum 
salts!? (Table 1) They obey approximately the Kotan1 
rules of magnetic behaviour? for de, compounds, for 
example, for NaTeF, uer = 225 Bohr magnetons at 
25° and 9 = 130° 

We thank the University of Birmmgham for a grant 
for technetium, Imperial Chemical Industries, General 
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Table 1 LATTICE CONSTANTS OF SOME COMPLEX FLUORIDES 


NaReF, (ref 12) Cubie 


NaTeF Bhombohedral a, = 577, a = 558° 
NaRuF, (ref 11) Rhombohedral a, = 580, a = 645° 
KReF, (ref 12) Tetragonal @ = 1001, & = 51 ; 
Kick, Bhombohedral a, = 497, a = 97 0° 
KRuf, (ref 11) Rhombohedral a, = 496, a = 975 


Chemicals Division, for the fluorine cell, and the Royal 
Society for a magnetic balance and for X-ray equipment 
The research was carried out durmg the tenure of a 
Department of Scientific and Industrial Research fellow- 
ship (to A J E) anda DSIR studentship (to D H) 
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Formation of 2-Iminothiazolidine-4-carboxylic 
Acid in the Cyanobromination of Lanthionine 


Sulhvan and Folk! found that the symmetnical thio- 
ether, lanthionine, 1s converted quantitatively into cysteine 
by the combmed action of cyanogen bromide and sodium 
cyanide Although we could confirm the presence of 
cysteine m the reaction products we were unable to sub- 
stantiate the quantitative nature of this conversion The 
heterocyclic compound 2-ummothiazolidine-4-carboxylic 
acid, which we detected in the mixture after reaction, 
could have been formed by further reaction of cysteme 
on the cyanogen halide and could account for our low 
cysteine yields 

Imtially, the method described by Sullivan and Folk! 
was followed meticulously, namely, 5 ml of a solution of 
lanthionme m 01 N hydrochloric acid (01 mg/ml) was 
added to 5 ml of an aqueous NaCN solution (5 per cent) 
One ml CNBr solution, prepared by adding 5 per cent 
NaCN to a saturated solution of bromme until the 
mixture was just colourless, was added After three con- 
secutive boilings for 30 sec and coolings for 3 min the 
thiol content was estimated colormmetrically using either 
naphthoquimone sulphonate*, phosphotungstic acid’, or 
brucine* It soon became evident that the boiling period 
was insufficient to expel all CNBr which interferes with 
the estimation of thiol by any of these methods The 
lanthionine/CNBr reaction mixtures were then conse- 
quently boiled contimuously for 10 mın Positive tests 
for thiols were obtained by the nitroprusside test as well 
as by the methods referred to here The quantity of 
thiol formed was not consistent with that expected from 
the amount of lanthionine used as starting material and 
reproducibility of results was found to be poor A typical 
set of results 1s shown in Fig 1 

It ıs known that thiazoline and thiazolidme derivatives 
are formed when sulphydryls are reacted on by cyanogen 
halides§ The presence of 2-immothiazohdine-4-carboxyhe 
acid in the reaction mixture was verified by descending 
chromatography utilzmg a solvent consistmg of sec 
butanol, formic acid, and water (75 15 10) 
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Thiol concentration (x 10 MD 





Lanthione concentration (x 10-3 M) 


Original lanthionine concentration versus thiol concentration 
found after boiling a mixture of lanthionme, cyanogen bromide and 
sodium cyanide for 10 min 


Fig 1 


Dann et alë showed that lanthionme is attacked by 
alkali with the formation of thiazolidine derivatives In 
our experiments the solution rapidly turned alkaline as 
the hydrochloric acid was converted mto HCN and expelled 
by boiling The resulting high pH of the solution, due to 
residual NaCN, could well be responsible for the conversion 
of some thio-ether mto the heterocyeche compound 

We conclude that under our reaction conditions con- 
version of thio-ether to sulphydryl by a boiling mixture 
of CNBr and NaON, as claimed by Sullvan and Folk, does 
occur The quantitative value of the method 1s, however, 
umpaired by the formation of 2-1mmothiazolidine-4-car- 
boxylic acid, which may be due either to cyclization of 
some of the hberated cysteme by the cyanogen bromide 
or to direct attack of alkali on the thio-ether 
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BIOCHEMISTRY 


Sarcoplasmic Proteins in Pale, Exudative Pig 
Muscles 


Amone the histological aspects of the so-called white 
muscle disease or ‘Muskeldegeneration’ (pale, exudative 
muscle)! ıs the presence of dark bands which cross the 
muscle fibres when these are seen in longitudinal section2»3 
Bendall and Wismer-Pedersen® presented evidence that 
these bands consisted of denatured sarcoplasmic protem 
The denatured protems appeared to be precipitated on to 
the myofibrils under the conditions of relatively low pH 
and high temperature, which obtaim during post-mortem 
glycolysis in this disorder It has recently been shown, 
using starch-gel electrophoresis, that various glycolytic 
enzymes, including creatme kinase, are among the sarco- 
plasmic protems which precipitate ın exudative pork? 
These protems remain soluble if the temperature durmg 
post-mortem glycolysis ıs relatively low or, irrespective 
of temperatures up to 37° C, 1f the ultimate pH 1s high 

It would have been inferred from these findings that no 
bands of denatured sarcoplasmic protems would form in 
muscle of high ultsmate pH, but that in muscle of abnor- 
mally low ultimate pH (ref 2) such bands would have 
been especially marked In the course of our present 
investigation, however, we have observed (a) bands 
apparently of denatured sarcoplasmic protem m longi- 
tudinal sections of muscle fibres of ultimate pH 6 94; 
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(b) the relative freedom from such bands ım sections from 
muscle of ultimate pH 4:74, compared with sections from 
muscle of ultimate pH 540 Recent work by Scopes* on 
the solubility of sarcoplasmic proteins under various pH/ 
temperature combinations affords an explanation of these 
anomalies, and also supports the view that the bands are 
in. fact of sarcoplasmic origm He found that, whereas a 
high ultimate pH appreciably protects sarcoplasmic 
proteins against precipitation at temperatures up to 37° C, 
denaturation occurs almost independently of pH at 45° C 
It is known that the temperature of pig muscles may rise 
above 37°/38° C ummediately post mortem’, and in such 
cases 1b would appear thet bands of precipitated sarco- 
plasmic protems might form even although the pH 1s 
about 70 In this connexion ıt 1s of interest that the 
holding of pigs at 45° C for a period before slaughter 
causes a pale, exudative musculature to develop’ 
Scopes! also found that sarcoplasmic proteins were more 
soluble at pH 47 than at pH 54, although they were 
denatured to a greater extent at the former value, and it 
has been found that the percentage of sarcoplasmic protem 
which 1s extractable (at the pH of the muscle) attams a 
minimum when the ultimate pH ıs about 53 (ref 8) 
These findings could explain the prevalence of bands m 
muscles having an ultimate pH of 5 4 and their relative 
absence in muscles of abnormally low ultimate pH. 
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Conversion of DPNH Dehydrogenase to 
DPNH-cytochrome Reductase by Thiourea 


INVESTIGATIONS in this laboratory have shown that the 
various DPNH-cytochrome reductase preparations from 
heart and liver mitochondria described ın the literature 
are fragments of the respiratory cham-bnked DPNH 
dehydrogenase produced by the extraction method 
{acid-ethanol-heat or thermal degradation) used in the 
isolation of cytochrome reductases! By the action of 
these agents as well as various proteolytic enzymes, 
urea and under a number of other experimental condi- 
tions the purified dehydrogenase 1s also degraded to lower 
molecular weight cytochrome-reducing fragments This 
conversion involves major changes in many of the mole- 
cular and catalytic properties of the enzyme of which the 
emergence of cytochrome (and DCIP) reductase activity 
is but one feature The observations on thermal and 
proteolytic degradation have been confirmed and extended 
by Kaniuga’*, who has mdependently discovered the 
urea-catalysed transformation of the enzyme Acid- 
ethanol degraded DPNH dehydrogenase ıs not distin- 
guishable from the preparations of Mahler et al?, de 
Bernard!*, and Mackler™, while the thermally degraded 
enzyme is ın every respect identical with the preparation 
isolated by King and Howard** of which the major com- 
ponent is the Mahler enzyme® Although these mvestiga- 
tions have directed attention to the fact that DPNH 
dehydrogenase 1s unstable under a variety of conditions** 
and readily breaks down to fragments with very different 
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properties, very 1ecently yet another DPNH oxidwing 
preparation derived from heart mitochondiie has been 
described'* which appears to be a breakdown product 
of the respiratory cham-lnked DPNH dehydrogenase 
It 18 the purpose of this communication to show that, in 
terms of available evidence, the ‘““DPNH dehydrogenase” 
of Chapman and Jagannathan" 1s not a naturally occurring 
enzyme but a fragment produced by the action of thiourea 
on DPNH dehydrogenase 

The preparation of Chapman and Jagannathan 1s 
isolated from ETP by repeated imeubation with thiourea 
at 0° As judged by 1ts flavin content, 1t 1s a much lower 
molecular weight umt than the dehydrogenase isolated 
by Ringler et al 15 Further, its reported activity, even 
at the arbitrary fixed electron acceptor concentrations 
used, 18 much lower with ferricyanide and much higher 
with cytochrome c menadione, and other oxidants than 
that of the respiratory chain-lnked enzyme For these 
reasons 1t appeared likely that thiourea (a known piotein 
denaturing agent) degrades DPNH dehydrogenase to a 
modified fragment That this 1s indeed the case 1s shown 
in Table 1 Although thiourea modifies soluble DPNH 
dehydrogenase moie rapidly than it does the particle- 
bound enzyme, the destiuction of ferricyanide and emer- 
gence of cytochrome reductase activities are fast enough 
even ın the case of ETP preparations to account for the 
formation of the derivative described by the Wisconsin 
group ' Further illustration of this fact 18 given in 
Fig 1, which shows the balance of DPNH dehydrogenase 
{as measured with ferricyanide) and of the thiourea pro- 
duct (as measured with cytochrome c) on sequential 
application of thiourea and phospholipase extractions and 
vice versa Treatment with thiourea under the exact 
conditions of Chapman and Jagannathan results in more 
than 99 per cent destruction of the dehydrogenase, as may 
be ascertained by duect assay as well as subsequent phos- 
phohipase digestion at 30° Prior extraction of the dehy- 
drogenase with phospholipase A removes the matenal 
from which the reductase fragment origmates thus 
subsequent mcubation of the residue with thiourea yields 
very little cytochrome reductase . 

The differences between the thiourea product and the 
Mahler enzyme are explained by the fact that while acid- 
ethanol, thermal, and subtihsm degradations yield 
nghly similar products, the action, of low concentrations 
of urea and of thiourea produces fragments with different 
properties An example of this 1s the fact that urea and 
thiourea under the conditions tested do not merease DCIP 


Table 1 DEGRADATION OF DPNH DEHYDROGENASE BY THIOUREA 
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* This was the concentration of thiourea used by Chapman and Jagan- 
nathan (ref 14) m the isolation of a “DPNH dehydrogenase” from ETP 
Although the temperature of their experiments 18 stated to have been 0°, this 
concentration of thiourea exceeds the limits of solubility at 0° but 1s m 
solution at 10° 

All activities are Vmax values with respect to the electron acceptor at 30° 
Assays were as previously described (refs 5, 13 and 15) In Eaps 1 and 2 
the conditions of Chapman and Jagannathan (ref 14) were used 1 mi each 
of ETP (66 mg/ml , specific activity = 30 5 in Fe(CN)& assay), 0 25 M sucrose, 
1 M phosphate, pH 75,015 ml 1 M trs buffer, pH 75,and003 ml 005M 
ethylenediamine tetraacetate were mixed Thiourea (200 mg) was suspended 
in the reagents and then the ETP was added In Exp 3 equal volumes of the 
highly purified dehydrogenase (specific activity = 347, 23 1 mg/ml )in 0 03 M 
phosphate, pH 7 8, and 1 M thiourea m 0 2 M phosphate, pH 7 8, were maed 


ETP 
Fe(CN)g activity 10,880 
Cvt ce activity 48 
phospholipase A thiourea 
Extract Residue Extract Residue 
FE(CN)§ activity 9,800 540 75 79 
Cyt ¢ activity 47 5 0 67 8 47 
thiourea phospholipase A 


a | J | 

Extract Residue Extract Residue 
Fe(CN)§ activity 135 0 75 10 
Cyt e activity 7 48 0 5 0 


Fig 1 Balance of DPNH dehydrogenase and cytochrome reductase 
activities on sequential application of thiourea and phospholipase A 

Assays are total activities (umoles DPNH/min) at Fmax and refer to 
316 mg ETP (biuret basis) Right side thiourea extraction under the 
conditions of Chapman and Jagannathan, followed by phospholipase 
extraction ETP (316 mg im 5 ml 0 25 M sucrose-3 mM phosphate, 
pH 74) was mixed with 5 ml 025M sucrose, 5 ml M phosphate, 
pH 75,075 mi M trs buffer, pH 75,015 ml 005 M EDTA, and ig 
thiourea at 0° and the suspension was frozen rapidly After 1 h it was 
thawed slowly at 0° and centrifuged for 30 min at 140,000g The sediment 
was suspended in 6 ml 0 25 M sucrose contaming 0 25g of thiourea and 
was kept for 2 h at 0°, was frozen and thawed as before, and centrifuged 
at 140,000¢ for 30 min The supernatant fluid was the extract Thiourea 
was removed from the residue by passage of the suspension through 
‘Sephadex G-25’ (equilibrated with 025 M sucrose-30 mM phosphate, 
PH? 4) and phospholipase digestion was performed with 0 003 mg purified 
phospholipase A/mg protem for 2 h at 30° followmg the method of 
Ringler et al (ref is) Left side phospholipase extraction as above, 
followed by thiourea treatment In the latter step the proportion of 
reagents remamed as m the previous experiment, but the msoluble 
protein after phospholipase digestion was made to 65 mg/ml and the 
volume of other reagents added was adjusted proportionately to the 

volume of this material 


reductase activity significantly. It should be empha- 
sized that at equal concentrations thioures, 1s an even more 
effective transformmg agent than urea itself Details of 
these observations will be published elsewhere’. 

This work was supported by the U.S National Heart 
Institute (HE-01995), the U S National Science Founda- 
tion (G-20457) and by contract Nonr 1656 (00) between the 
Office of Naval Research and this Institute 


TERENZIO CREMONA * 
Fpna B KEARNEY 
G, VALENTINE 


Edsel B Ford Institute for Medical Reseaich, 
Henry Ford Hospital, 
Detroit 


* On leave of absence from the International Institute of Genetics and 
Biophysics, Naples 


1 Kearney, E B , Watam, H , Singer, T P , and Basinski, D , Fed Proc, 
21, 251 (1962) 


2 Watarı, H , Kearney, E B , Singer, T P , Basmski, D , Hauber, J , and 
Lusty, C J, J Biol Chem , 287, PC1731 (1962) 


E poena T , Kearney, E B, and Villavicencto, M , Fed Proe , 22, 467 


‘Singer, T P, in Boyer, P , Lardy, H A , and Myrbäck, K , The Enzymes, 
second ed., 7, 345 (Acaderme Press, Inc , New York, 1963) 


$ Watari, H , Kearney, E B ,and Singer, T P ,J Biol Chem (in the press) 


e Cremona, T , Kearney, E B , Villavicencio, M , and Singer, T P , Beochem 
Z , 338, 407 (1963) 


7 Kamuga, Z , and Veeger, C , Biochim Biophys Acta, 60, 435 (1962) - 
8? Kamuga, Z , Biochim Biophys Acta (in the press) 


’ Mahler, H R , Sarkar, N K , Yernon, L P , and Alberty, R A ,J Biol 
Chem , 199, 585 (1952) 


10 de Bernard B , Brechim Biophys Acta , 23, 510 (1957) 
4 Mackler, B , Biochim Biophys Acta , 50, 141 (1961) 
1: King, T E,and Howard, R L,J Biol Chem ,237, 2686 (1962) 


e Mmakamı, S, Cremona, T , Ringler, R L, and Smger, T P, J kiol 
Chem , 2388, 1549 (1963) 

N Chapman, A G and Jagannathan, V submitted to Biochem Biophys 
Res Comm Manuscript circulated by Information Exchange Group 
No 1 of the National Institutes of Health, 1963 


15 aes R L, Minakami, § , and Singer, T P, J Brol Chem , 288, 801 


No a907 N ovember 16, 1963 


Inhibition of Protein Synthesis in vitro by 
Cycloheximide 


CYCLOHEXIMIDE (‘Actidione’), an antifungal antibiotic, 
isolated from Streptomyces griseus, was reported by 
Keriidge' to mbibit protem synthesis m Saccharomyces 
carlsbergenesis These observations have been substantia- 
ted by other workers*+ Recent investigations mdicate 
that the changes produced by cycloheximide ın mter- 
mediate metabolism, such as amino-acid, organic acid, 
adenosine triphosphate (ATP), and , other nucleotide 
production, 1s not responsible for the mhibition of protem 
synthesis** The data presented here will show that 
incorporation of leucme labelled with carbon-14 ito 
protem ın a cell-free system from Saccharomyces pastor- 
tanus 18 inhibited by low concentrations of cyclohexumide 

© pastorvanus was grown, as previously described? and 
cells were collected in the log phase of growth Approxim- 
ately 12-15 gm of packed cells were suspended ın 20-30 ml 
of a solution consisting of 005 M ¢trzs(hydroxymethy]l) 
ammomethane-hydrochlorie acid (trss-hydrochloric acid), 
pH 78, 0005 M Mg(OAc),, 0005 M potassium chloride; 
and 0001 M mercaptoethanol Cells were broken m a 
French pressure cell (15,000-~24,000 Ib fin 2) at 1°C Whole 
cells and cellulai debris were removed by centrifugation at 
20,0009 in the cold and the extract was adjusted to pH 7 5 
with 10 N sodium hydroxide The extract contaming 
supernatant enzymes and mucrosomes necessary for 
protem synthesis was incubated for 15 min at 37° © with 
leucine labelled with carbon-14 and appropriate co-factors 
The reaction was terminated by the addition of 1 2 
volumes of cold 10 per cent trichloroacetic acid (TCA) 
contaming 0 1 M #C-pn-leucine The protem precipitate 
was washed and prepared for counting essentially by the 
method of Siekevitzi The protein precipitate was 
dissolved in 88 per cent formic acid and aliquots were 
added to l-n planchets and counts were made m a 
windowless flow counter Protem was determmed by the 
method of Lowry et al © 


Table 1 REQUIREMENTS FOR INCORPORATION OF LEUCINE LABELLED WITH 
CARBON-14 INTO YEAST PROTEIN ın vuro 


Incorporation of 740. 


Conditions leucme into protem 

(epm 

Complete 532 
+ 10 per cent TCA at zero time 10 
+ 100 ug RNase 36 
+ 100 ug cycloheximide * 90 
+ 0003 M Mg(OAc), 462 
— 0005 M Mg(OAc), 158 
— 0007 M Mg(OAc), 64 
— KCl 290 
— GTP 392 
— ATP, PEP and pyruvic kinase 12 


* 84 per cent inhibition 


The complete reaction mixture contamed 0 125 M érrs-HCl buffer pH 7 5, 
00095 M Mg(OAc)., 00075 M KCl, 0001 M ATP, 00001 M guanosine 
triphosphate, 0005 M phosphoenol pyruvic acid, 200 we pyruvic kinase, 
025 we L-leucme-1-"4C specifie activity 8 mc jmM, and 10 mg of protem 
(25 mg microsomal protein and 75 mg supernatant protem) in a volume 
of 2 mì Tubes were mcubated for 15 min at 37° C and the reaction was 
stopped with 12 vol of 10 per cent cold TCA contaming 01 M 'C-p1L- 
leucine RNase and cycloheximide were mixed with other reactants prior 
to the addition of the cell-free extract 


The results ın Table 1 show that protein synthesis an 
vitro 1s dependent on the presence of various co-factois 
and 1s inhibited by ribonuclease (RNase) and 50 ug/ml of 
cycloheximide In order to determine the effectiveness of 
cyclohexumide, varymg concentrations, from 0 1 ug/ml to 
250 ug/ml, were mixed with other reactants prior to the 
addition of supernatant enzymes and microsomes ‘The 
data in Fig 1 show that cycloheximide 1s a potent mhibitor 
of carbon-14 ammo-acid meorporation into protem The 
50 per cent inhibitory dose (ID;,.) of the antibiotic for 
leucine mecorporation was 02 ug/ml Thus, this process is 
of the same order of sensitivity to cycloheximide as ıs 
growth of cells of S pastorranus 

A cell-free extract was pretreated with 25 ug/ml of 
cyclohexumide and compared with the control and samples 
treated at zero time Pretreatment of the cell-free extract, 
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Fig 1 Effect of various concentrations of cycloheximide (0 1-250 


Hg/ml } on incorporation of “C-leucme mto protem (see Table 1 for 

conditions) Cycloheximide was mixed with other reactants before 

addition of microsomes and supernatant ‘Results for complete and 

treated samples were corrected for C-leucine incorporated into the 
blank (complete + 10 per cent TCA at zero time) 
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Fig 2 Effect of pretreatment of supernatant and microsomes with 
cycloheximide Conditions for this experment were the same as those 
in Table 1 except the reaction mixture was contamed m1 ml and 
5 Omg of protem (supernatant and microsomes) and 05 we DL-leucme-1- 
“C, Specific activity 54 6 mc /mM, was added to each tube The miero- 
somal and supernatant mixture was pretreated with 25 ug/ml of cyclo- 
hexmide 10 min before mixing with other reactants The reaction was 
stopped at various time-intervals by addition of cold 10 per cent TCA 
to each tube The C-leucine incorporated into the blank (complete 
minus ATP, PEP and pyruvic kinase) was subtracted from that mm- 
corporated mto complete, treated and pretreated samples 





contaimmg microsomes, with cycloheximide before.addi- 
tion to the other reactants had very httle,if any, effect on 
the levels of inhibition when compared with the samples 
treated at zero time (Fig 2) The mhuibition ranged from 
89 to 80 per cent at 25 and 10 min for non-pretreated 
samples and 90 to 86 per cent for pretreated samples for 
the same time-intervals Under these experimental con- 
ditions the maximum mhibition never exceeded 90 per 
cent and consistently ranged from 80 to 90 per cent in all 
the tests Whether the mabulity of high concentrations of 
the antibiotic to inhibit completely protem synthesis an 
vt o is due to the experimental conditions used or to the true 
nature of the antibiotic action has not been determmed 

The site of action of the antibiotics chloramphenicol’ 
and puromycin®:® has been traced to protem synthesis 
Specifically, they mbhibit the polymerization of ammo- 
acids to form protem on the microsomes Previous investi- 
gations’ showed that cycloheximide does not affect the 
first two enzymatic steps m protem synthesis, that 1s, 
amino-acid activation and transfer of amino-acids to 
soluble ribonucleic acid (s-RNA) Thus the evidence 
indicates that the antibiotic affects the third enzymatic 
step either by mbhubiting the transfer of ammo-acids from 
ammo acyl s-RNA to the microsomes or the polymerize- 
tion of amino-acids into protem The effects of cyclo- 
heximide on, yeast metabolism resemble those of chlor- 
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amphenicol m bacterial systems Both antibiotics mbibit 
protein synthesis, stimulate ribonucleic acid synthesis, 
and partially inhibit deoxyiibonucleie acid synthesis 
This investigation was supported by research grant 
Al110025—11 from the National Institutes of Health, US 
Public Health Service 
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Deoxyribonucleic Acids of Marine Mollusca 


RECENT investigations have demonstrated a wide range 
of deoxyribonucleic acid (DNA) base compositions which 
correlate well with other taronomic criteria m both 
bacteria} and protozoa’® The available data for 
metazoans are less extensive” However, a considerable 
variation n DNA base compos: tons 1s found among the 
porifera’, and the published analyses for three species of 
molluscs”? ındıcate the probability of a range of com- 
positions in that phylum. This communication describes 
work on several other species of molluscs DNA was 
isolated from sperm on testes using a modification" of 
Marmur’s procedure! Base compositions were estimated 
from density gradient centrifugation studies? and from 
thermal denaturation temperatures The results are 
recorded in Table 1 


Table 1 PROPERTIES OF MOLLUSC DNA’s 


Density 
Class and species Tm(°C) %GC* (g/ml)t % GCE 


Lamellibranchia 


Crassostrea gigas (Thunberg) 807 28 1 693 34 
(Pacific oyster) 1 708t 
Saridomas giganteus Deshayes 82 5 32 1 893 34 
(Butter clam) 
Protothaca staminea (Conrad) 828 33 1 694 35 
(Native littleneck clam) 
Chnocardium nuttall: (Conrad) 828 33 1 696 37 
(Basket cockle) 

Gastropoda 
Hahotis kamtschatkana Jonas 845 37 1702 43 
(BC abalone) 1714} 
Pohnaces leuns Gould 85 6 40 1 704 45 


(Moon snail) 


* Percentage guanime-cytosine calculated from thermal denaturation 
temperature, Tm (12) 

+ Relative to Æ cole buoyant density, 1710 g/ml (ref 13) 

t Heat denatured DNA 

§ Percentage guanme-cytosine calculated from buoyant density 


All DNA samples were unimodal with respect to buoyant 
density and thermal denaturation temperature Repre- 
sentative lamellibranch (Crassostrea gigas) and gastropod 
(Hahotis kamischatkana) DNA’s were unimodal m the 
cesium chloride gradient after heat denaturation All the 
mollusc DNA’s were rich m adenine-thymme, those of 
the lamellibranchia contamme the largest amount of these 
bases The range of guanine-cytosine (GC) contents was 
11-12 per cent In common with otker nucleic aeids of 
extreme base composition, there 1s scme divergence be- 
tween GC content calculated from thermal denaturation 
temperatures and from buoyant densities!?% There is 
reasonable correlation of the foregoing results with earlier 
data Thus Sueoka, using the buoyant density technique, 
obtamed a GC content of 37 per cent (38 per cent using 
the method of calculation of Marmur and Doty) of DNA 
in the quahog, Venus (Mercenaric) mercenaria L 4, 
and Lee and Barbu, by chemical analysis, found 31 per 
cent GC in the blue mussel, Mytilus eduks L, DNA? 
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The two prosobranch gastropods have a mean GC 
content 7-8 per cent higher than the mean value of the 
lamellibranchs and none of one class mtrudes mto the 
region of the other It 1s of interest that the GC content, 
35 per cent, of a cephalopod, Octopus vulgaris lam , DNA? 
hes ın the mid-region of the range bounded by the lamel- 
hbranchs and the prosobranch gastropods 

We thank Mr J C Smith for samples of P staminea, 
O nutialla and P lewis testesandH kamtschatkana sperm, 
and C E Woelke for C gigas, S giganteus and P staminea 
sperm 
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Metabolism of 3-Hydroxyanthranilic Acid 
labelled with Carbon-i4 Carboxyl in Normal 
and Neoplastic Mice 


THe  o-ammophenol, 3-hydroxyanthraniic  aeid 
(3-OHAA) ıs a metabolite of tryptophan normally present 
ın urme in trace quantities Recent observations have 
been concerned both with the carcmogenie property of 
3-OHAA to induce cancer of the bladder and with ele- 
vated levels of urmary excretion of 3-OHAA in neoplastic 
diseases! 

A limited amount of carboxyl-“C-labelled-3-OHAA 
(4C-3-OHAA) was available for experrments with a few 
ammals The carboxyl-“C-labelled-3-OHAA was given 
to control mice and mice with transplantable tumours 
of mouse origin in an attempt to examine the influence 
of these tumours on metabolism of 3-OHAA. These 
prelummnary observations mdicate a lowered rate of 
metabolism of 3-OHAA in the ascites mice accompanied 
by a reduced level of urinary quinolinic acid labelled with 
earbon-14 (4C-QA) 

Female Swiss albino mice were used in these exper- 
ments Three homologous transplantable tumours were 
used m this work The mammary adenocarcimoms appears 
spontaneously m about 3 per cent of our virgin females 
when 6-8 months of age The Ehriich ascites tumour has 
been maintained in our mice m ascites form for sevoral 
years by mtra-abdominal injection of a suspension of 
tumour cells at intervals of 10-15 days A transplantable 
brain tumour (glioblastoma multiforme) was mduced by 
intracranial implantation of methylcholanthrene pellets? 
Tumour mice were injected with “C-3-OHAA 5 days after 
intracranial transfer of the brain tumour cells and 9 days 
after intra-abdominal transfer of the ascites cells Previous 
experiments demonstrated active growth of tumouis 
at this time A moribund condition usually developed 
5-7 days later 

The carboxyl-“4C-labelled-3-OHAA was from a prepara- 
tion previously described? It was injected by ntra- 
abdommal route m doses of 0 0011 mM contaming 0 024 
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uc /g body-wt Respiratory carbon dioxide and urme 
were collected and qumolinic acid (QA) values determmed 
on all urines by microbiological assay? Crystalline QA 
was isolated by column chromatography? Small samples 
of QA were combusted to carbon dioxide and the carbon-14 
measured by the method of Van Slyke, Steele and Plazin® 
The tumour from a mammary tumour mouse was excised 
and homogenized. Aliquots were dried in Van Slyke 
combustion tubes, and analysed for total carbon and 
for carbon-14 content® 

The observed initial rapid oxidative metabolism of 
4C.3-OHAA in the normal mice (Fig 1) may account 
for the rather low level of 4C-QA (13 per cent) found in 
the urine This 1s in contrast to the relatively higher 
percentage (46 per cent) conversion of 4C-3-OHAA to 
carbon-14 by mouse liver cell free extracts? A small 
store of QA ıs mdicated in the normal mice (Table 1) 
from the 84 per cent ratio of specific activity of isolated 
44C.QA to the admmustered dose of *C-3-OHAA A 
change in the ratio of the specific activity of isolated 
urinary “4C-QA to the injected dose of 4C-3-OHAA indi- 
cated an alteration of the metabolism of 3-OHAA ın the 
tumour mice since the test dose (mg/g of body-wt ) 
was the same in these experiments 
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EXPIRATORY EXCRETION OF C40, 
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Fig 1  Twelve-hour excretion of “CO, by mice after carboxyl-C- 


§-hydroxyanthranilic acid admimustration 


The reduced amount of carbon-14 (6 7 per cent) present 
as QA in the urine of the mammary tumour mice as com- 
pared with the level (13 per cent) found in normal urme 
may be accounted for by several mechanisms (1) an 
increased rate of metabolism of 4C-QA into “C-nicotinic 
acid, ™4C-N1-methylnicotinamide® or “0-N1-methyl-2- 
pyridone-5-carboxamide; (2) mmecreased conversion of 
compound I into glutarate or acetate which leads to forma- 
tion of “CO, (ref 9), (3) free or conjugated “C-3-OHAA 
Since the carbon-14-lebel ıs m the carboxyl position, 
none of the observed activity of carbon-14 could be pre- 
sent as urinary picolinic acid Portions of a homogenate 
of the excised mammary tumour were analysed for total 
carbon-14 to determine if a major amount of the injected 
dose of “C-3-OHAA was bound by the tumour. The 
earbon-14 analysis accounted for only 0 5 per cent of the 
injected dose 

The slower rate of metabolism of 3-OHAA into *4CO, 
by the brain tumour animals as well as the lower levels of 
carbon-14 m their urines assumes greater interest when we 
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Table 1 12-Hour URINARY EXCRETION OF QUINOLINIO ACID AFTER INJEG- 
TION OF CARBOXYL-"C-3-HYDROXYANTHRANINIC ACID 


Type of tumour Normal Mammary Brain Ascites 
a ee ee 
Sp act ofin) 8-OHAA, wc jm mole a 21985 21985 21985 21 985 
3-OHAA,m) m mole* 0 638 6 0438 0 031 0 032 

C-14 0} , ue b 0842 0940 0666 0704 
uC content of urme per cent of dose 2985 2657 2085 2178 
Quinohinic acid 
Q-Acid excreted (im mg) 0964 0478 0370 0116 

Idem (m mole) e 0006 0003 00023 0001 
Sp act of excreted Q-acid,uc /m moled 18 487 20955 20026 2378 
C-14 excreted in Q-acid 

“ue =exd é OIII 0 063 0 040 0 024 
Per cent of injected “O-= 200? 1318 670 601 341 
Ratio = S2 20t of encreted Q-acid ala 0841 0953 0911 1082 


Sp act of m) 3-OHAA 
* Injected_0 011 mMf/10 g mouse 


consider the relative sıze of the brain tumour mass (175 
mg) as compared with the excised mammary tumour 
(65 g) In view of the small size of the excised brain 
tumour, it ıs difficult to assume that the loweied rate of 
metabolism of #C-3-OHAA ıs dus to endogenous meta- 
bolism by the tumour tissue 
Pal and Christensen!® have shown cell transport and 
binding of pyridoxal and pyridoxine occurred in ascites 
tumour cells Their n vitro study mdicated pyridoxal 
binding through amino groups of cellular protems and 
amino-acids through the aldehyde group of pyridoxal. 
It should be considered that pyridoxal bmding may occur 
through hydrogen binding of the hydroxyl group on the 
pyridoxal ring In view of the foregoing findings obtamed 
with tritium-labelled pyridoxal, several mechanisms may 
be considered to account for the slower metabolism of 
4C-3-OHAA observed in the ascites tumour animals 
Initial uptake of 4C-3-OHAA by the tumour cells may 
have occurred with hydrogen binding through the hydroxyl 
group to cellular components The weak nature of the 
hydrogen binding would allow a return of the “C-3-OHAA 
to body fluids for subsequent metabolism mto “CO, via 
the acetate pathway? The 14C-3-OHAA in the ascites 
cells may also be spht into the straight-chain compound 
(1-amino-4-formyl-buta-1 3-diene-dicarboxylic acid) and 
afterwards bound to amino-groups through the terminal 
aldehyde group This mechanism would be simular to 
pyndoxyl binding with the aldehyde compound being 
metabolized into “CO, and 4C-QA It 1s also possible 
that the aldehyde compound formed by host metabolism 
may be externally bound to cells through the aldehyde 
group and afterwards metabolized mto “CO, and 
4C-QA The lower “C-QA values (Table 1) obtamed 
m the urmes of the tumour mice as compared with normal 
mice may possibly be accounted for through accelerated 
activity of enzyme II? This enzyme decarboxylates 
the aldehyde compound to form picolime acid, which 
would leave less substrate available for “C-QA formation 
This work was supported by the US Atomic Energy 
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Preparation of 2-lsopropylthiamo rpholin-3- 
one-5-carboxylic Acid 


IsovALTHINE 18 @ new sulphur-containmg amino-acid 
which ıs isolated from the urme of hypercholesterolemic 
patients? A molecular model of isovalthine suggests a 
possibilty of foiming a thiamorpholinone derivative by 
the intramolecular cyclization Such thiamorpholmone 
derivative may also be produced in the animal body and 
have some biological effects From these considerations, 
2-1sopropylthiamorpholin-3-one-5-carboxyle acid was 
prepared from L-isovalthine and its biological effect was 
examined 

L-Isovalthine (30 mg, decomposition point 186° C} was 
heated in a small flask immersed ın an o1l-bath at about 
190° C for 15 mim During this operation a vacuum was 
applied to the flask to remove water which was produced 
durmg cyclization After coolmg the flask to room 
temperature, the brown residue was dissolved in a small 
amount of 2 N ammonia and filtered The filtrate was 
made weakly acidic with acetic acid, and transferred on a 
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Fig 1 Ultra-violet absorption spectrum of 2-isopropylthiamorpholin-2- 
one-5-carboxy he acid in methanol solution 
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column contaiming strong cation exchanger (H-form) The 
effluent and water washings were collected and evaporated 
to dryness in vacuum ‘The residue was taken up in ether 
and fillered The ether solution was concentrated to a 
proper volume and left standing at room temperature 
Needles obtained were recrystallized fiom ether, giving 
18 mg, mp 140°C [e]j7=+41° in ethanol It was 
shghtly soluble in water, soluble ın ether, and easily 
soluble in methanol, ethanol, and alkali 
Anal calc forC,H,,0,NS C, 4727, H, 645, N, 689, 
found C,4718, H, 644, N,689 The molecular weight 
(calculated, 203) was found to be 186 and 217 by the Rast 
method The ultra-violet absorption spectrum of the 
compound is shown in Fig 1 Amax=202 8 my (e=13 000) 
Since another synthetic sample of thiamorpholim-3-one-5- 
carboxyhe acid prepared from S-(carboxymethyl)-1- 
cysteme* also showed a similar absorption, the Amax= 
202 8 mp band ıs thought to be specific for the thiamor- 
pholinone ring The infra-red spectrum of the compound 
is shown in Fig 2 
Although the thamorpholnone derivative prepared as 
described here 1s similar m chemical structure with 
amytal, it has neither hypnotic effect on mice nor inhibi- 
tory effect on the electron transport system of isolated 
rat liver mitochondria 
We thank Dr T Matsukawa, Takeda Research Labora- 
tory, for the elemental analysis, and Prof Dr H Yamasaki 
and Dr K Utsumı for their help in testing the biological 
functions This work was supported by research grants 
from the Rockefeller Foundation, the US National 
Institutes of Health (HH~07419), and the Mimustry of 
Education of Japan 
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Configuration of Urinary Isovalthine 


IsovaLtHIne crystals first isolated from urme were 
rhombic plates which gave pi-alanine after treatment 
with Raney nickel Needle-shaped crystals were obtained 
by condensation of L-cysteime and (+ )-«-bromoisovaleric 
acid They were a mixture of L- and t-allo-isovalthine, 
and readily converted mto the rhombic form by heating 
mn. hydrochloric acid?? 

Recently we have synthesized xL- and 
Leallo-isovalthine separately by using (+)- 
and (— )-e-bromoisovaleric acid The resolu- 
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peaks between serme and proline at the effluent ml of 183 
and 196 (30° ©, pH 3 24, 0 2 N sodium citrate buffer, 150 
cm column) The isomer of [a]n = — 52 4° yields one peak 
(Cay =20 5) and overlaps 196 ml peak of the needle 
The other isomer of fa]p= +82° yields also one peak 
(Coy =19 2) and overlaps the 183 ml peak of the needle 
The rhombic plates yield two peaks with the same effluent 
ml as that of needles, and the mixture of these two racemic 
compounds gives just two peaks The calculated ratio of 
183 ml peak to 196 ml peak was as follows needle, 
4 6, rhombic plate, 9 1 

Isovalthme im urmary acidic amimo-acid fraction yields 
one peak at 196 effluent ml and the peak overlaps the 
isomer of [a]p= —52 4° The urmary isovalthine fraction 
18 prepared as follows 250 ml of urme is made weak 
acidic and transferred on a column contamimg 200 g of the 
acetate form of ‘Amberlite AG-45’ The column is washed 
with 600 mi of 0 1 N acetic acid and then eluted with 21 of 
2 N acetic acid The 2 N acetic acid eluant is transferred on 
a column contaming 100 g of strong cation exchanger 
(H-form) The column was washed with water and eluted 
with 500 ml of 2 N ammonia The ammonia solution 1s 
evaporated to dryness im vacuum at 40°C The residue 
is dissolved ın 10 ml water and 2 ml of the filtrate 1s 
analysed on amino-acid analyser The recovery of urmary 
isovalthine was about 75 per cent Further treatment 
for the purification changes urmary 1sovalthine gradually 
mto the mixture of i- and t-allo-isovalthine Therefore, 
it 1s difficult to isolate urmary isovalthme as a single 
isomer without changing 1ts configuration 

On the paper electropherogram prepared by Ubuka’s 
method’, the needle-shaped crystals yield also two bands 
with almost equal concentrations Urimary isovalthme 
and the isomer of [«]Jp= -52 4° overlap the slower- 
moving band of the needle, and the isomer of [«]p= 
+ 82° overlaps the faster-moving band of the needle 

For these reasons, 1b may be concluded that urmary 
isovalthme has the same configuration with the compound 
synthesized from t-cysteme and (+ )-«-bromoisovaleric 
acid, this may be called L-isovalthme (+)-«-Bromo- 
iovaleric acid 18 known to be derived from D-valine 
by the treatment with nitrosyl bromide and to be con- 
verted mto D-valne by the treatment with ammonia 
If (+)-a«-bromoisovalerie acid 1s assumed not to change 
its configuration during condensation with L-cysteme, the 
configuration of L-isovalthine may be written as follows 
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It requires some effort to find out the patients who 
excrete 1sovalthıne ın ther urme Expermental isoval- 
thinuria, however, can readily be mduced ın the gumea 
pig by the administration of isovaleric acid, dehydrocholic 
acid, cholic acid, or 22,25-diazacholestanol (‘SC-11952’) 
These inducers take effect on the followmg times after 
administration 200 mg/kg/day of isovaleric acid, second 
day, 125 mg/kg/day of dehydrocholic acid, 5-7 days, 
12 5 mg/kg/day of cholic acid, third week, 5 mg/kg/day 
of 22,25-diazacholestanol, second week Although ıso- 
valeric acid 1s the best inducer for some animals, isovaleric 
acid-1-44C has not significantly mcorporated into urmary 
isovalthine* The admimstration of cholesterol alone does 
not induce 1sovalthinuria up to the end of the fourth week 
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Table 1 EXPERIMENTAL ISOVALTHINURIA INDUCED BY BILE ACID AND 
CHOLESTEROL IN GUINEA Prg 
Tsovalthine excreted 
Inducers #moles/100 ml urine 
5-7 days Second week Third week Fourth week 
ieee ana 
mg/kg/day 0 38 0 76 055 
Dehydrochohe acd aed 
(12 5 mg/kg/day) 
+ 075 1 98 0 85 0 28 
cholesterol 
(250 mg/kg/day) 


But its administration with dehydrocholie acid appears 
to enhance isovalthine excretion as shown in Table 1 

Isovalthme 1s also obtained by using liver homogenate 
of guinea pig from isovaleric acid or «-ketoisocaproice acid 
as substrates Glutathione and air appear to be necessary 
for this reaction As cysteme 1s less effective than gluta- 
thione, the first product synthesized ın the reaction mix- 
ture is assumed to be a glutathione-isovaleric acid conju- 
gate The assumption, however, has not so far been 
verified 

This work was supported by research grants from the 
Rockefeller Foundation, the US National Institutes of 
Health (H#-07419), and the Ministry of Education of 
Japan 
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A Comparison of Plant Cell Division Inducers 
from Coconut Milk and Apple Fruitlets 


Coconut milk ıs recognized as a rich source of plant cell 
division inducers, which have become known as kinins!~*® 
Recently, apple fruitlets were also shown to be a rich 
source®, and the kmins have been extracted from this tissue 
and concentrated’ The results showed that the extract 
contams at least four and probably five independently 
active kimms as revealed by the tobacco stem pith test’ 
In this test, blocks of tobacco pith are cultured smgly ın 
small tubes on a sucrose—mmeral salt medium which also 
contains the auxm, imdolyl-3-acetic acid An ‘active’ 
extract, added as a supplement to this medium, induces 
cell division and the formation of microscopically visible 
clusters of new cells after 14 days In control cultures 
the cells enlarge but do not divide Reduced nitrogen 
compounds and hexitols are not required in this assay, 
nor do they enhance the effect of active extracts as they 
do ın the carrot root phloem test’, which has been used 
m many studies on coconut mulk 

The kinins obtaimed from coconut milk and from apples 
were compared by subjecting coconut milk to the extrac- 
tion, purification and fractionation procedures developed 
for apple fruitlets Volatile solvents added ın the course 
of purification procedures were removed by evaporation 
under reduced pressure before assaying the activity of 
fractions by the tobacco stem pith test 

Coconut milk (500 ml ) from fresh, nearly mature coco- 
nuts was subjected to the purification procedure developed 
for apple extract’? The most efficient purification steps 
m this scheme are those which use ‘Dowex—50-H?’ and 
carbon columns The purified coconut milk, so prepared, 
showed perceptible cell division activity at a concentration. 
of 01 mg dry weight/I 

Except for shght activity m the water effluent from 
“Dowex—50—H?’, which was found for coconut milk but not 
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Fig 1 Chromatography on a ‘Chromax’ rolled-paper column of 
partially purified coconut milk kinms The eluting solvents were 
n butanol/glacial acetic acid/water (4 1 1), and 50 per cent ethanol 


apple extract, the behaviour of the kimns from the two 
sources was the same 

The purified extract was chromatographed on a ‘Chro- 
max’ 3502 paper roll column (LKB Produktor, Stock- 
holm) in n-butanol/glacial acetic acid/water (4 1 1, v/v) 
and then in 50 per cent aqueous ethanol Fifty-four x 60 
ml fractions of acid eluate were collected and seven of 
aqueous ethanol Each fraction was assayed at five dulu- 
tions as previously described for apple extract’ 

The greatest dilution giving perceptible activity was 
plotted against the volume of eluate (Fig 1) This revealed 
four major peaks of activity compared with five given by 
apple extract’. A sample of each of the peaks was 
chromatographed on a paper strip ın methyl ethyl ketone/ 
acetic acid/water (4:1 1, v/v) The Rr values of these 
peaks as well as those of the peaks found n apple extract 
are shown in Table I 
Table 1 PAPER CHROMATOGRAPHY OF KININS OBTAINED FROM COCONUT 


ILE AND FROM APPLE FRUITLETS IN METHYL ETHYL KETONE/AORTIO 
i Acip/WATER (4 1 1, v/v) 


Rp values 
Peak Coconut milk Apple extract 
I 0 71-0 79 0 76 
Tt 0 42-0 56 0 46-0 50 
Tia 0 44-0 53 0 46-0 50 
III Absent 0 27-0 33 
IV 0 05-0 27 0 00-0 15 


But for the absence of peak IIT mm coconut milk, there 
is a close correspondence between the Rr values of the 
kinms from the two sources Although peak Ila has been 
observed several times ın eluates from ‘Chromax’ columns 
1t has mvariably given the same Fp as peak II on paper 
strips Presumably the resolution on the ‘Chromax’ column 
developed with m-butanol-glacial acetic acid—water 1s 
superior to that of paper strips developed with methyl 
ethyl ketone-acetic acid—water 

It was reported previously’ that treatment of a mixture 
of peaks III and IV with normal hydrochloric acid gave 
rise to a peak with the Rr of peak IT It has now been 
found that treatment of peak IV from both apple fruitlets 
and coconut milk on ‘Dowex-—50-H*’ produces peaks which 
have Rr values corresponding to I, JI and IIIT Perhaps, 
therefore, peak IV 1s the native kının ın each case and the 
other peaks are artefacts produced by the ‘Dowex--50—-H?’ 
step m the purification procedure However, the appear- 
ance of III after “Dowex—50-H?’ treatment of coconut 
milk peak IV contrasts with 1ts apparent absence in 
purified coconut milk No satisfactory explanation of this 
discrepancy can be given 

From both sources, kinms which have (with the excep- 
tion of peak ITI) corresponding Fr values can be obtained 
Further, degradation of peak IV gives an identical result 
ın each case ‘These two facts suggest, but do not prove, 
that the chemical nature of the kının or kimims from the 
two sources are very similar or even identical This view 
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is supported by the corresponding behaviour of the 
kinins from both sources in the purification steps 
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Electrical Activity of the Parturient Human 
Uterus 


FUNCTIONAL uterine disorders cannot be diagnosed 
with certainty and the progress of labour ıs doubtful 
even in those mstances when the patients are labelled 
chnically ‘normal’ The fact that most women eventually 
deliver a normal new-born without severe complications 
is of no comfort to the attending physician at the time 
of the onset of labour, for he has no guarantee, except a 
statistical one, that his given patient wil have a quick and 
uncomplicated delivery His uncertainty is the more 
disturbing, for the outcome of labour will to a great 
extent depend on his diagnostic and prognostic skill ın 
recognizing functional uterme disorders and his choice 
of managoment 

This article reports prelimmary work on a new tech- 
nique of apparent diagnostic and prognostic value 
The new method yields a tracing of the electric activity, 
of the partument human uterus Naturally ıt can be 
applied to the non-pregnant uterus as well Tho method, 
when combined with the ‘extra-ovular pressure’ technique}, 
allows the simultaneous recording of the electric and 
mechanic activity of the uterus for hours or repeatedly 
during several days in non-anssthetized patients The 
significance of knowing the character of the electric 
activity 18 the following 

The amniotic pressure tracing describes accurately the 
quantity and to a large extent tho quality of the uterme 
activity! It informs us about the resting and active 
pressure, the frequency and duration of cyclic activity, 
and by the shape of the pressure curve about the 
extent of propagation together with the synchrony 
of activity However, all this valuable information, 
no matter how accurate, 1s insufficient for predicting the 
course of labour even in those patients who are labelled 
as clinically ‘normal’ Not infrequently we observed 
that quantitatively and qualitatively excellent activity 
failed m securing normal progress 

Those clmicians for whom intra-ammiotic pressure 
tracings were not available concluded that, although the 
chnical symptoms of effective uterme activity were 
apparent in @ given patient, she failed in progress most 
likely because the quantity or quality (or both) of uterme 
effort must have been inadequate Those obstetricians 
who did have the evidence in the tracings of a quanti- 
tatively and quahtatively excellent uterme activity 
concluded that the reasons for slow or no progress lay 
in the cervix, resisting dilation Several hundred pressure 
tracmgs now allow us to state with certainty that 
chmically perfectly ‘normal’ patients may completely 
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tonic solutions under the most unfavourable 


Presaure conditions, that 1s, poor spontaneous 
(50 mm Hg) activity, closed, hard and long cervix, 
they deliver durmg a very short period of 


Electrical 
activity 
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rat tf 
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Fig 1 Electrical and mechanical activity of the parturient rabbit uterus Note the 


synchrony ın electrical activity at the ovarian, mid and cervical uterme portions 


Note the uncomplicated shape of the pressure curves 


fail ın their progress of labour, not only for hours but for 
days, m spite of excessive uterine activity More than 
that, patients may fail m their progross even in those 
instances when the cervix has all the clinical qualities 
which permit normal or rapid progress 

It 1s apparont, thorefore, that the classic clmical concepts 
concerning prolonged labour, uterme imertia, cervical 
distocia, the arrest of labour, etc, are to a large extent 
unsatisfactory and must be revised The more so because 
it has been shown? that when patients with foetal death 
or with missed abortion are induced to deliver by hyper- 
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Fig 2 Schematic illustration of the technique, used in human patients 
The needle inserted into the myometrium serves as indifferent electrode 
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Fig 3. Electrical and mechanical activity of three patients in early labour Note the srmularity im the 
character of electrical actavity of the rabbit and human uterus 
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27 h (on the average) after the chmeal 
onset of labour The intra-amniotie injec- 
tion of hypertonic solutions has two known 
effects the suppression of placental func- 
tion (and most likely that of the amniotic 
membranes) and the merease m uterme 
volume It 1s significant that these effects 
create an obstetrical situation m which 
patients deliver quickly and predictably 
We are forced to conclude that the unpre- 
dictabuity of normal labour les m our 
incomplete understanding of placental 
function 

The concepts of the local effect of placen- 
tal progesterone’, the consequent endo- 
crine and functional asymmetry‘ of the 
uterus permit a reasonable explanation of 
slow progress (or no progress) m those 
pationts whose uterme activity 1s normal 
or excessive <A clinically not apparent 
unfavourable condition 1s that whon the 
placenta has a fundal or partly fundal implantation 
In this condition, activity would seem to begin at the 
lower uterine segment and will then propagate in the wrong, 
upward, rather than the downward direction. Tho 
pressure tracing does not reveal the direction of the 
activity wave 

It 1s the recording of the electrical activity at different 
portions which shows clearly not only the character 
but also the direction ın the spread of the electrical 
activity If electrical activity 1s recorded together with 
the amniotic pressure, uterme activity 1s described in 
full detail 

We developed a new method’ for the simultaneous 
recording of the electrical and mechanical activity of both 
the pregnant and non-pregnant uterus A characteristic 
tracing 1s illustrated by Fig 1 Several hundred such 
model experiments in rabbits provided us with mforma- 
tion which now allows us to predict rather closely the pat- 
tern of electrical activity from the pressure tracnmg How- 
ever, the tracing alone does not inform us about the direc- 
tion ın the spread of electrical activity In order to obtam 
this information we had to adopt our new method of 
electro-uterography to the human uterus 

Fig 2 ulustrates schematically the technique of how 
electrical activity of the human uterus 1s recorded The 
techmque itself as apphed to animals is described in 
detail in an earlier paper’ In women the insertion of 
the recording electrodes had to be modified The myome- 
tnum was approached as if the patient would undergo 
ammocentesis® Instead of traversmg the myomotrium 
the point of the needle (No 18) was only rmmorsed into 
its surface layers, allowing the insertion of an electrode 
through its lumen The electrode was enamel-coated 
copper wire, 0 45 mm diameter, 
recoated at its naked tip (m 
contact with the myometnal 
cells) by silver or gold The 
needle itself served as the ın- 
different electrode 

It 1s apparent that the elec- 
tuical activity of parturient 
patients can be recorded, the 
tracings bemg very similar to 
those obtamed by mode] experi- 
ments ın rabbits At present 
we are investigating the question 
of what additional information 
can be gamed by the applica- 
tion of a set of electrodes, rather 
than one 
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in vitro Stimulation by Insulin of o-Amino- 
isobutyric Acid Transport in the Absence 
of Protein Synthesis 


Since the demonstration by Kipnis and Noall! that 
insulin stumulates the accumulation of the non-utilizable 
amino-acid «-ammo-isobutyric acid (ATB) by cells of the 
intact rat diaphragm tn vitro, attempts have been made 
to relate this phenomenon to the action of msuln on 
protem synthesis A review of the available evidence led 
Manchester and Young? to the conclusion that the action 
of insulin on accumulation of amimo-acid by the diaphragm 
of the rat is probably limited to non-utilizable ammo- 
acids and that ıt may represent an effect secondary to a 
direct stimulation of protein synthesis In ther view, 
ATB accumulation ‘‘can be regarded as filling the gap left 
by amino-acids used up ın the synthesis of extra protein 
which occurs in the presence of insulin’’ The moire recent 
observation® that insulin mereases the transport of a 
number of naturally occurrmg amino-acids into muscle 
cells prompted us to re-examine the possibility that the 
effect of insulin on AIB accumulation may be a direct 
action of the hormone on an amino-acid transport system 

The conditions used fo. the investigation of AIB-4C 
transport and amino-acid incorporation into protem m 
the ‘intact’ hemidiaphragm of the rat have been described 
in detail’ > Bnefly, normal female rats (Charles River 
strain) weighing 60-70 g were killed by dislocation of the 
cervical vertebra, their diaphragms excised with rib cage 
attached and bisected through the central ligament and 
through the insertions to the xyphoid process and spme 
The intact’ hemidiaphragms thus obtamed were incubated 
in Krebs bicarbonate buffer gassed with 5 per cent carbon 
dioxide and 95 per cent oxygen and containing glucose 
(10mM) At the termination of incubation the diaphragms 
were dissected from surrounding tissue, blotted, weighed 
and the radioactivity of the tissue waver and the purified 
proteins determined by hquid seintillation spectrometry 
The extracellular space was measured by the distribution 
of insulin-1-4C Extracellular space of the tissue was 
determined for each control and experimental situation 
utilized in this investigation and the results expressed as 
the concentration ratio of ATB- 


G pm jmi mtracellular =) 
epm/ml incubation medium 


Bovine insulm (Lily PJ-4609, 238 u/mg) was added 
to the incubation medium at a concer-tration of 0 1 u/ml 
Protein synthesis in the isolated diaphragm was blocked 
by the addition of puromycin® (500 pg/ml) This con- 
centration was chosen because ıt maximally depressed 
the incorporation of uniformly labelled ™C-valine 
into diaphragm protein (Table 1) Similar findings 
have been obtamed with 1C-histidine, “C-alanine and 
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14C-leucme ın diaphragms of normal and hypophysecto- 
mized rats 

The results are presented in Table 2 It may be seen 
that puromyem at a concentration which essentially 
abolishes amimo-acid meorporation mto protem did not 
depress the accumulation of AIB ın the intracellular 
compartment of control diaphragm muscle nor did ıt 
influence ın any way the marked stimulation of uptake of 
AIB effected by the simultaneous addition of insulin to 
the medium 


Table 1 Error OF PUROMYCIN ON THE INCORPORATION OF *4C-VALINE * 
INTO PROTEIN OF ‘INTACT’ RAT HEMIDIAPHRAGM n vitro 


Time of incubation (min) 
45 90 120 
Specific activity (e p m /mg protem) 


180 


Control 1891+259 2293471 3310+223 4820+810 
(3) t (11) (3) (3) 

Puromyem 85+ 01 85402 33+ 02 86+ 02 
(500 ug/ml ) (6) (12) (8) (8) 


+01 mM (005 ue jml) 
t Meant S E No of observations in parentheses 


Table 2 Hrrnecr OF INSULIN AND PUROMYCIN ON THE ACOUMULATION OF 
NC-ATB* IN THE INTRACELLULAR WATER OF ‘INTACT’ RAT HEMIDIAPHRAGM 


an niro 
Time of meubation (min) 
Additions 90 120 180 
Insulin Puromyem Concentration ratio 
- 148+010(12)t 160+009(18) 210+0 20 (12) 
= + 1 53 + 0 09 (6) 162+019 (7) 1 81+0 05 (6) 
+ _ 2 63 +009 tay? 355+016(12) 416+017 (12) 
+ + 2 50+ 0 09 (6) 3 34 +0 22 (6) 411+0 15 (6) 


*0 05 mM, 0 025 ue Iml 
t Mean + SE No of observations ım parentheses 


These experiments clearly demonstrate that the stimula- 
tion by sulin of ATB accumulation m musele cells of the 
isolated intact rat diaphragm is not secondary to the 
stimulation of protein synthesis and that ıt may represent 
a primary action of the hormone Whether this conclusion 
is also appheable to naturally occurrmg amino-acids 
remains to be determined It may be of interest that the 
stimulation of ATIB transport by growth hormone in 
diaphragms of hypophysectomized rats 1s similarly not 
abolished by the action of puromycin’ 

This work was supported by a grant (4-5655) from the 
National Institutes of Health, U S Public Health Service 

fe thank Dr M A Root of Eh Lilly and Co for the gift 
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Precocious Organic lodine Secretion in the 
Blood by the Thyroid Gland 


WHILE examming the vanation m timo of plasmatic 
PBI (normal human subject) after mgestion of an 
NaI as a tracer, we have found, m some cases, the 
existence of a radioactivity ‘peak’ during the first few 
hours after ingestion The phenomenon is repeated, 
whatever the method of separation of the plasmatic 
proteins precipitation with trichloroacetic and, frac- 
tioning by 1ton-exchanger resin}, or in a ‘Sephadex’ 
column? Fig 1 illustrates a typical case 

Assuming that the occurrence 1s not due to some form of 
artefact, 1t would appear logical to assume that 1t ındi- 
cates the secretion of 10dinated organic substances of 
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rapid metabolism (phase I) in addition to the usual 
hormonal secretion (phase IT) 

An, argument in favour of this assumption 1s the effect 
on the occurrence of thyroid stamulating hormone and 
perchlorate, which conforms with the well-known effects 
of these agents on thyroid metabolism <A further and 
stronger argument bemg the separation of a radioactive 
iodinated o1ganic fraction, varying in concentration in the 
plasma with time, and in parallel with phase I of the 
curve, we have experimented on the rat, the demonstration 
involving the admimustration of too great a dose of radio- 
activity for a human subject 

A typical expermment consisted of administering 40 ue 
by intraperitoneal injection and killing the rats ın groups 
of three at intervals varying from the time of mjection 
The curve in Fig 2a shows the variation of concentration 
of organic iodine in plasma, separated by 10n exchanger 
resin, versus time Again, a curve 1s plotted which 
appears to demonstrate the existence of two phases of 
metabolism Fig 26 shows the same variation durmg a 
similar experiment, but after myection of 5 UHL 
thyroid-stimulating hormone ‘Endopancrime’ to each rat 
1 h before administration of the 10dine isotope 

Comparison of curves m Figs 2a and 26 reveals thehighly 
significant effect of the thyroid-stimulatmg hormone on 
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the concentration of organic radioactive 1odine in plasma. 
and particularly on the maximum appearmg at about the 
third hour As already stated concerning the human 
subject, this appears to confirm the thyroid origin of 
phase I, and the possibility of the existence of an organic 
1odine secretion of rapid metabohsm Chromatograms 
according to the Partridge method? have been carried out 
on the butanolic extract of sera obtamed at various inter- 
vals after injection of the tracer Fig 31s a radiochromato- 
gram onasample obtamed after3h The presence of 
an iodinated fraction distinct from the iodide but 
with a very closed Rr may be noted On the contrary, 
chromatograms on samples obtained after 24 h reveal the 
usual 10dmated components only—-1odothyronine and 
10dide—-but the fraction with an Ry close to that of the 
i0dide has completely disappeared 
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Taken together, these experimental results appear to us 
to indicate the existence of secretion by the thyroid of 
10dinated organic substances renewed, much more rapidly 
than the hormones What ıs the nature of these substances, 
and what 1s their physiological role ? Regarding the first 
question, our preliminary investigation seems to mdicate 
that the substances are iodinated peptides of thyroid 
origin. 

The existence of rapid metabohsm in addition to the 
usual metabolism of thyroid hormones could perhaps 
explain the apparent contradictions hable to appear m the 
results obtained with 10dine-127 and 10dme-131, ın the 
case of samples obtamed after the 24 h 
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Hyperlipidemia : a Cause of Decreased 
Oxygen Saturation 


THe induction of hyperlipidemia by the mtravenous 
infusion of a fat emulsion m human bemgs produces & 
fall in arterial oxygen saturation While the phenomena 
were observed earlier by Kuo! m human beings and m 
dogs by Stutman* and Cain’, the observations have not 
been extremely pursued nor has the mechanism of such a 
decrease in arterial oxygen saturation been fully explained 

Eleven male volunteer prisoners (age range 20-30 
years) were investigated m the supme fasting state 
An indwelling Cournand needle was placed im the brachial 
artery and control blood samples taken for blood 
oxygen content and capacity measurements All measure- 
ments were carried out by the manometric method of 
Van Slyke and Neill*. 500 ml of fat emulsion (‘Lipomul’ 
supphed by courtesy of the Upjohn Co, Kalamazoo, 
Michigan) contaming 15 per cent cottonseed oil was 
infused into an anticubrtal vein over a 2-h period ‘The 
infusion of 500 ml of ‘Lipomul’ was found to raise in- 
direct trglyceride-levels from a control range of 2 2-7 
m equiv /] to 43 m equiv /1 and TEFA levels from 250- 
400 mg to 1.500 mg/per cent Samples for arterial oxygen 
saturation were obtamed at the end of the infusion period 
The addition of ‘Lipomul’ m appropriate quantities to 
blood samples was shown not to mterfere with the determ- 
mation of blood oxygen by the manometric technique 
The merease in fat concentration does, however, alter the 
amount of physically dissolved oxygen which must be 
subtracted from the oxygen capacity and content before 
calculating the oxygen saturation The solubility co- 
efficient for oxygen ım cottonseed oil ıs approximately 
5 times that ın blood’ The addition of 500 ce of 
‘Lipomul’ is equivalent to the addition of 75 c e of cotton- 
seed ol All oxygen measurements from the bloods con- 
tainmg ‘Lipomul’ were corrected for the amount of 
physically dissolved oxygen which would have normally 
been present plus the additional amount which was 
present because of the added fat before saturation values 
wore calculated 


Table 1 Hievect of 'LIPOMTL’ ON OXYGEN SATURATION 


% Arterial % Arterial % Artenal 
oxygen saturation oxygen saturation oxygen saturation 


40% O, an 
Subject Control ‘Lipomul’ ‘Lipomul’ 
AA 96 4 90 6 96 6 
AG 95 5 901 941 
AL 97 3 917 99 0 
A W 94 6 96 2 93 9 
B W 95 0 92 2 95 4 
CW $7 0 $3 1 98 0 
BL 96 0 93 1 959 
Ad 95 2 968 — 
BF 96 0 918 — 
D W 96 2 903 — 
AH 97 5 90 3 — 
Average 96 1 919 96 1 


From Table 1 ıt may be seen that arterial oxygen 
saturation fell from an average of 961 to 919 per cent 
following the production of hyperlipidemia In order to 
help determine 1f this fall in oxygen saturation was caused 
by a shunt or by a diffusion defect, the subjects were given 
40 per cent oxygen to breathe for 5 min and arterial sam- 
ples again obtained The rise in saturation to pre-infusion 
levels would indicate that the fall m oxygen saturation 
might well be due, at least ın part, to a diffusion defect 
Preliminary measurements of pulmonary diffusing capa- 
city for carbon monoxide by the single breath method 
of Ogilvie et al* on 4 of the subjects before and after 
‘Iipomul’ mdicate a decrease from a control value of 
356 ml CO/min/mm mercury to 302 ml CO/mmn/mm 
mercury ın the post-infusion period These observations 
do not rule out the possibility of changes m ventilation- 
perfusion relationships m the lung bemg a contributimg 
factor in the production of the arterial oxygen unsatura- 
tion The failure of the saturation values to mse above the 
pre-infusion levels does indeed suggest that some degree of 
shunting may be present 
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The significance of these observations particularly 
as they relate to the deprivation of oxygen to cellular 
metabolic systems represents an mtriguing mvestigative 
field at the present time While it ıs widely appreciated 
that hyperlipidemia may be associated with athero- 
sclerosis and profound changes ın the blood coagulation 
systems, the establishment of significant decreases in 
arterial oxygen saturation m normally occurring hyper- 
hpemia presents a controversial investigative problem 

This work was supported m part by FAA grant 2198 
and contract AF-33 (616)-8378 monitored by the 
Aerospace Medical Laboratory, Wmght-Patterson Aur 
Force Base, Ohio, and by a research grant (H4080) from 
the National Heart Institute, US National Institutes 
of Health 
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Development of Bradycardia during 
Submersion of the Duck 


Some mammals and birds display structural and func- 
tional adaptations which permit them to endure sub- 
mersion asphyxia for extended pemods of time Among 
the adjustments to submersion of diving animals, those 
concerned with the cardiovascular system are the most 
frequently described The most conspicuous and easily 
observable features displayed. durmg submersion are a 
sudden onset of apnoea followed by a striking bradycardia 

The receptor sites and the quality of the stimuli: which 
bring forth the adjustments observed durmg submersion 
are unknown It has been alleged that the actual ım- 
mersion under water must play a dommant part m the 
afferent reflex cham, and that naturally diving anumals 
are endowed with special mechamsms for reacting to this 
stumulust, On the other hand, some authors have advocated 
that the mechanism mobilized to combat asphyxia 18 no 
different ın quahty mm diving animals from what 1s found 
in typical non-diving animals? 

The experrments described here are an attempt to dis- 
close whether water xmmersion as such ıs a triggering 
factor to the submersion bradycardia ın the domestic duck 

Domesiie ducks, Anas boscas, were tracheotomized, and 
catheters for mntravascular pressure measurements were 
introduced ın the brachial artery and vem The operative 
procedures were performed under local anesthesia. The 
animals were resting in upright, normal positions during 
the entire expermental period This precaution was 
executed carefully to avoid disturbances of the breathing 
pattern or the vestibular mechanisms Artificial ventila- 
tion using various gas mixtures was applied through the 
tracheal cannula The central arterial and venous pres- 
sures were fed mto Statham pressure transducers and 
recorded on a Sanborn four-channel recorder Diving was 
simulated by immersion of the animal’s head in a water 
container, taking care to retam-the upright position of 
the anımal durmg the mmersion period 

Fig 1 depicts cardiac cycle-length (C CL.) (each pomt 
represents the average m a 10-sec period) and arterial 


November 16, 1963 


(A P.) and venous (V P ) pressures durmg an experment 
mvolving the following steps The animal was artificially 
ventilated with air At each mspriration an elevation of 
the central venous pressure occurred Pror to pomt A 
is seen the normal restimg values of the parameters 
measured At pomt A the anımal was blindfolded by a 
gentle grip with one hand around the anrmmal’s head 
No undue pressure was exerted and the beak and nares 
remained uncovered The bimdfolding 1s seen to mtro- 
duce a moderate change in cardiac cycle-length with 
minor changes ın arterial and venous pressure-levels 
If anything, the conspicuous sinus arhythmuia seen in many 
birds became particularly promment The bradycardia 
amounted to about a 20-30 per cent reduction in fre- 
quency. This mitial bradycardia could easıly be induced 
by a number of strmuli mvolving touching of the animal’s 
head or bending its head forward. 

At pomt B the anunal’s head was held slightly forwards, 
sunulating exactly the position of the head durmg the 
ummersion in water ‘There was no change in cardiac 
rhythm 

At pomt C the animal’s head was submerged There 
was a slight transient mecrease in heart rate; but the 
frequency soon levelled off at the value characteristic of 
the pre-immersion period 

At pomt D the artificial respiration was stopped as 
apparent ın the cessation of the smus arhythmia and the 
respiratory fluctuations in the venous pressure record 
From pomt D on, a gradually increasing bradycardia, ıs 
seen to appear The development of the bradycardia 
was dependent on a number of factors which are being sub- 
jected to further mvestigation Thecardiac slowing became 
particularly prominent after a period of 40-50 sec of 
arrested breathing and could amount to a prolongation 
of the cardiac cycle by a factor of four when the animal 
displayed muscular efforts mvolving the thoracic muscu- 
lature The mmportance of the muscular activity was 
amphfied as curarization of the animal prevented the 
conspicuous bradycardia seen otherwise We believe that 
receptors sensitive to mechanical distortion located withm 
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the thoracic cavity orm the respiratory musculature proper 
are important m the development of the bradycardia 
durmg submersion asphyxia No effect of immersion in 
water was detectable after a shght initial bradycardia had 
already been established by blindfolding or a number of 
other unspecific stumuli Our experiments therefore dıs- 
agree with the idea that immersion in water per se plays 
any major part in the development of bradycardia during 
submersion of the duck 
At pomt Ẹ the artificial respiration was resumed The 

heart frequency returned promptly to the values recorded 
before cessation of the breathmg movements At pomt F 
the animal was taken out of water with no change in 
cardiac rhythm At pomt G the animal was released from 
the blindfoldmg. This act mcreased the heart frequency 
further and completed a revermble cycle, giving back the 
initial frequency that prevailed before onset of blind- 
folding (pomt A) 
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Salicylate and Increased Vascular Permeability 
due to Hyaluronidase 


Moca work has been carned out on the action of 
sodium salicylate on the hyaluronic acid hyaluronidase 
system, and some of ıb ıs contradictory In fact, Guerra! 
pointed out that salicylate inhibits the action of hyaluron- 
idase, and on the basis of this, he suggested this mhibition 
would explain the action of the salicylate ın rheumatic 
diseases These results were completely or partially 
confirmed by others?-* 

On the contrary, no mbhibition of 
this enzymatic system by the sahcylate 
could be demonstrated by other 
workers’-? Furthermore, the hyaluro- 
nidase was found capable of increas- 
ing the atheromatous lesions of rabbits 
fed hypercholesterolic diet!*-15 

On the basis of the foregoing results, 
22 female rabbits were fed a high 
cholesterol diet (0 2 g/kg a day per os) 
in order to demonstrate a possible 
inhibiting effect of salicylate on the 
action of hyaluronidase At the 44th 
day after the begining of the treat- 
ment, 12 animals were given 15 per 
cent solution of salicylate imtraperi- 
toneally at the dose of 05 g/kg a 
day for 10 days At the 54th day 
after the begmning of the experiment, 
6 of the 10 cholesterol fed animals 
and 6 out of the 12 cholesterol + 
salicylate fed animals received twice 
1,000 viscosimetrie units of testicular 
lyophihzed hyaluronidase diluted into 
3 ml of saline solution Tho othe 
animals were given saline solution 
only All the animals were killed 30 
days later 

The entire aortas, previously fixed in 
formalin and stamed with sudan III, 
were grossly and mdependently ob- 
served by 4 persons following a suitable 
scheme Afterwards the specimens were 
cut using the fieezer microtome and the 
sections restamed with sudan ITI 
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Both macroscopically and microscopically we observed 
(a) more severe atheromatous lesions m the animals 
tieated with hyaluronidase than ın those of the other 
groups, as already deseribed by Cali and Seifter?*-’, 
(b) a shght imbibition of the hyaluronidase by sodium 
salicylate in the animals treated with cholesterol, hyal- 
uronidase and sodium salicylate, whereas no significant 
variations were observed in the animals treated with 
cholesterol and sodium salicylate 

Therefore, we believe 1b may be assumed (a) that high 
doses of sodium salicylate slightly ınhıbıt the hyaluron- 
dase only when the hyaluronic acid—hyaluronidase system 
ig turned towards the hyaluronidase, as in the animals 
treated with cholesterol and hyaluromdase; ıt would 
be advisable to examine the relationship between this 
effect and the dose of salicylate, (b) that ıb 1s possible to 
confirm only in part what Guerra! found in his experi- 
ments, (c) that there ıs not sufficient evidence to state, as 
Guerra, did, that salcylate ıs effective im rheumatic 
diseases because of its antihyaluronidase action Itb 
might be considered this 1s only a part of the therapeutic 
efficiency of this drug In this respect, on the other hand, 
it has been recently pointed out!*-!* that other substances 
of the bradykinin group are important in the pathogenesis 
of rheumatic diseases and that sodium salicylate com- 
pletely inhibits the action of these substances 
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Elevation by Propynylamines of Rat Tissue 
Norepinephrine-levels and Reserpine 
Antagonism in Mice 


Tue hydrochlorides of 2-propynylamime, di-2-propy- 
nylamine, and tri-2-propynylamine were tested in several 
systems for monoamine-oxidase inhibition The 2-propy- 
nylamines were supplied through the courtesy of Dr 
Alfred Bader of the Aldrich Chemical Co 

Norepmephrine-levels were determined in the pooled 
brains and hearts of groups of 5 rats each injected mtra- 
pe.itoneally with 10 mg/kg and 40 mg/kg of 2-propy- 
nylamine hydrochloride once daily for 4 days The 
tissues were extracted ın duplicate by the procedure of 
Shore and Ohn! and norepmephrine determined by the 
method of Von Euler and Floding? using a spectro-photo- 
fluorometer The 10 mg/kg dose of 2-propynylamine 
hydrochloride elevated brain- and heart-levels of nor- 
epinephrine to 151 per cent (146-156) and 122 per cent 
(114—130) of the levels found in control animals The 
40 mg/kg dose raised brain and heart norepmephrine- 
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Table 1 ANTY-PTOTIO AND ANTI-EXTENSOR SEIZURE BFFECIS OF 2-PRO- 
PYNYLAMINES IN MICE GIVEN RESERPINE 
Dose mg/kg motrazole 
(mg/kg, Time Degree required to 
Compound intra- before of cause seizures 
peritoneal) reserpmme ptosis (meant SE) 
None mea — 0 12+10 
Reserpine alone 4 — 4 58+08 
+ 2-propyn) lamine 50 9days 23 115422 
hydrochloride 50 2h 08 138405 
25 2h 34 88435 
+ Di-2-propynylamine 50 2h 24 125+28 
hydrochloride 25 2h 39 53405 
-+ Tri-2-propynylamune 109 2h 31 110+20 
hydrochloride 50 2h 38 78+10 


levels to 185 per cent (170-200) and 130 per cont (128-133) 
of the control values 

The monoamine-oxidase activity of the propynylamimnes 
was examined in mice by their ability to reduce the 
reserpine-induced ptosis and to antagomze tho facilitatory 
effect of reserpme on tonic-extensor seizures? Groups of 
5 mice each were given the propynylamine compounds by 
intraperitoneal mjection and 2 h or more later were 
given 4 mg/kg of reserpine, ın 5 per cent ascorbic acid 
solutior, by intraperitoneal injection One group of mice 
without diug treatment and one group given reserpine 
alone were used in each experiment as controls A 05 
per cent solution of “Metrazol’ was used to produce tonic- 
extensor seizures by intravenous infusion Table 1 shows 
the activities of the 2-propynylamines in both tests At 
the 50 mg/kg dose-level of 2-propynylamine the anti- 
reserpine activity, as measured by the ‘Metrazol’ test, 
lasted for 9 days Di-2-propynylamine and tri-2-propy- 
nylamine both had ‘anti-reserpime activity but were less 
active than 2-propynylamime The 2-propynylamines 
alone did not cause any marked i1etraction of eyelids or 
produce an anti-convulsant effect on tonic-extensor 
seizures at the doses used 

2-Propynylamine ıs a potent compound in raising rat 
tissue norepmnephrine-levels, furthermore, 2-propynyl- 
amine antagonizes the effects of reserpine in mice 

J R McLean 
G CHEN 
Departments of Pharmacology and Chemistry, 
Parke, Davis and Co, Research Laboratories, 
Ann Arbor, Michigan 
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3 von peas, U S,and Woding, I , Acta Physiol Scand ,118, 45, Suppl 33» 


* Chen, G , and Bohner, B , J Pharmacol ,131, 179 (1981) 


HAMATOLOGY 


Absence of Lysolecithin Formation in 
C’3-deficient Rabbit Serum 


RECENTLY, Fischer and Haupt have shown! that the 
activation of complement in human, guinea pig, rabbit, 
and pig serum is paralleled by an increase in lytic activity 
due to an increase of lysolecithn In these experiments 
complement was activated by the addition of soluble 
antigen—antibody-complexes or by the addition of heat- 
aggregated human y-globulin Complement activity was 
determined using sensitized sheep erythrocytes, while the 
lytic activity of lysolecithn was determmed m lpid 
extracts of the same sera by the method of Schubothe 
and Fok‘ (see also legend to Table 1) 

Further evidence for the dependence of lysolecithin, 
formation on the presence of whole complement might be 
obtained by demonstrating that rabbit sera lacking C’, 
are unable to form lysolecithin 

A strain of C’,-deficient animals (Fresburg R 3-Stamm) 
was described recently and investigated by K and U 
Rother®* In the hemolytic system serum of C’,-deficient 
animals behaves in the same way as does rabbit serum 
depleted of C’, by treatment with ‘Zymosan’ Complement 
activity can be restored by adding any preparation which 
contains C’, 
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Normal rabbit serum 

Norma! rabbit serum + y-globulin 
C’,-def -rabbit serum 

C’;-def -rabbit serum + y-globulin 
Normal rabbit serum 

Normal rabbut serum + y-globulin 
0’;-def -rabbit serum 

’,-def -rabbit serum + y-globulin 
Normal rabbit serum 

Normal rabbit serum + y-globulin 
C’,-def -rabbit serum 

C’,-def -rabbit serum + y-globulin 
C’,-def -serum + #1,2,-serum * 
C’,-def -serum + #1,2-serum + y-globulin 
O’,-def -serum + C’3(pig) t 

C’;-def -serum + C’3(pig) +7-globulin 


Experiment No i 
(rabbit No 1) 


Experiment No 2 
(rabbit No 2) 


Experiment No 3 
(rabbit No 3) 


* Serum heated at 56° for 25 min 
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Complement 
activity 

(60% hemol 
units) 


Lytic activity 
of serum extracts 
(% of total 
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+ According to Leon et al (ref 8) 


The sera of normal and C'a deficient animals were incubated simultaneously for 30 min with 1/10 vol ofa 5 - i 
a5 per cent solution of heat-aggregated (56° C 
dase aries oe sone ee T Paton avey wre eee pie Rants dicate using standard techniques (ref 7) The lytic Seninity of eee 
erum with 20 vol of ethanol/ether was estimated in an apparatus originally designed for the determinati f hro- 
ex te fragility (ref 4) The percentage of total hamolysis obtamed under standard conditions 1s Even in the table re ee ae dare 


The results of three experiments are shown in Table 1 

The 1esults show an, mcrease in lysolecithin activity in 
normal sera after mcubation for 30 mm at 37° C with 
aggregated y-globulin No merease occurred in R 3- 
deficient sera The addition of C’, preparations to the 
deficient serum (experrment No 3) restored some of the 
complement activity and some of the ability to increase 
the level of lysolecithin 

These results give additional support to the lysolecithin 
hypothesis}~°»* of complement action 


I Havrr 
H FISCHER 
Max Planck Institut fur Immunbiologie. 
Freiburg-Zahringen 
U ROTHER 
K ROTHER 
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A Hemagglutinating Property of Mouse 
Serum for Human Red Blood Cells 


HETEROAGGLUTININS for human red cells have been 
reported m various species? Quantitative differences 
between males and females m a globuln fraction of 
mouse serum has recently been reported? Stimpfiing has 
described a quantitative difference in the anti-sheep and 
anti-chicken heteroagglutunm content of normal sera 
from C57 BL/6 Sn mice* 

An examination of mouse sera from different mbred 
strams has shown the sera of some strains to agglutinate 
strongly most samples of human A blood group cells 
while. O and B blood were not agglutmated in the same 
proportion Only the iesults of sera from strains B10 
and C3H will be reported here 

The agglutination technique consisted m mixing, in a 
shde, a drop of undiluted mouse serum from a pool 
obtamed from adult males or females with a suspension 
of three-tumes washed human red blood cells from healthy 
blood bank donors Tho reaction occurs in 1 or 2 mm at 
100m temperature and can be observed macroscopically 


The strength of the agglutmation was arbitrarily 
classified macroscopically as + -+-+ + if all cells were 
stacked in one clump, +++ when the cells were all 
agglutinated ın several clumps, ++ and + when free 
cells were present, and — when no red cell agglutmation 
was observed Weak and doubtful reactions were read 
microscopically ( x 30) 

A test mado separately of male and female sera from 
mice 6-8 months old gave an unexpected sex difference 
female sera fiom B10 animals strongly agglutinate human 
A blood group cells while sera from males of this same 
strain did not agglutmate them to any appreciable extent 
This difference was not found m male versus female 
sera of C3H mice 

The agglutination effected by sera from C3H mice was 
usually weaker than that obtamed with B10 sera No 
difference was observed between human male and female 
red blood cells The agglutinating property could be made 
to disappoar specifically from B10 female sera by absorb- 
ing it with three-times washed male tissues (liver plus 
spleen), from B10 or with A blood group red cells 

Tissues from male or female C3H ammals did not 
absorb B10 female heteroagglutinins It thus seems that 
the reaction of female B10 sera 1s specific Two out of 
thirty-three B10 male sera gave a positive though very 
weak reaction (+ or less) with A blood group cells 

A sex difference m agglutmation was also observed 
when B and O cells were tested with B10 male versus 
female sera, The differences, however, were not so marked 
as with A cells and the reaction of both male and female 


Table 1 HETEROAGGLUTINATION OF HUMAN RED CELLS OF BLOOD GROUPS 
A, B, AND O BY NORMAL MALE AND FEMALE SERA FROM STRAINS C57, 
BL/10 AND C3H 


Blood groups Mouse serum from strains 


of donors 057 BL/10* 
M F M F 
A 0/22 + 294122 22122 21/22 
B 9/20 17/20 19/20 17/20 
Q 4/24 21/24 24/24 23/24 


P < 050 for group B red blood cells 


* B10 males versus females = pP < 001 for group O red blood cells 
+ No of samples agglutinated 


Total No of bloods tested 


Table 2 INCREASE IN NORMAL BPEYTEROAGGLUTININS AGAINST HUMAN 
BLOOD GROUP RED BLOOD CELLS WITH INCREASING AGE OF B10 FEMALES 


Human A group Hemagglutination of A red blood cells by B10 female 
red blood cells sera of ages* 


Months 
1 2 4 6 
No 5409 + ++ ++ ++ ++44+ 
5433 t t+ ++ +++ +++ 
5432 + + ++ +++ ++++ 
5365 + +t ++ +++ t+++ 
5473 + + + ++ ++ ++++ 


*The strength of the agglutination was arbitrarily classified macro- 
scopically as + + + + af all cells were stacked in one clump, + + + when 
the chimps were all agglutinated mm several clumps, + + and + when free 
colls wa present and — (negative) when no red cell agglutination was 
observe 
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sera with O and B cells was weaker than that observed 
with A red cells (Table 1) 

A study of md:vidual sera from B10 females showed a 
marked age effect on the strength of the agglutimating 
properties Sera from young females gave weak but con- 
sistently positive reactions with human A cells while sera 
from sx months old females gave +++ to ++4++ 
reactions with the same human red blood cells With 
the exception already mentioned, B10 male sera of all 
ages were negative This mcrease in agglutinin content 
with age suggests these agglutimins to be induced by sub- 
elinical infections with bacteria carrymg antigenic struc- 
tures related to the ABO system A similar increase m 
tatre of natural heteroagglutinins for red cells and bacteria 
with age has been deseribed*5 

The findings reported here can be mterpreted to show a 
qualitative difference in heteroagglutmating capacity of 
normal female versus male sera The existence of occa- 
sional (2/33) weakly (+ ) reacting males may be due either 
to an extreme case of quantitative sex variation or else to 
technical artefacts The difference between sera from 
C3H and B10 strams is striking These strans also differ 
m that B10 females reject male skin grafts while C3H 
females accept them This, the so-called ‘E:ichwald- 
Silmser effect’, depends on a Y-chromosome determined 
mcompatibility between the sexes’ The possibilty 
remains of a relationship between the male antigen and the 
human blood group antigen reacting with B10 female sera 
Quantitative differences could be related to an heterotic 
effect of the X-chromosome in double dose in females 
or to an enhanced antibody production by cestrogen 
stimulation 

This work was supported in part by a grant from the 
Research Corporation of America to the chair of biology 
of the Medical School, University of Chile 
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Effects of Surgical Procedures on the 
Appearance of Slow «:-Globulin 


It has recently been shown that a variety of conditions 
mostly related to growth or tissue synthesis evoke a 
protem in the sera of rats which is not demonstrable m 
the sera of healthy, non-pregnant, adult rats This material 
is termed slow «,-globulin (S.A,G') since, m paper electro- 
phoresis, 1b exhibits the mobility typical of «,-globulin, 
whereas in starch-gel electrophoresis it moves more 
slowly than both the 8-globuhn and a slow «,-globulm!? 
SAG can be demonstrated during prenatal?~4, postnatal?-, 
and neoplastic®-* growth, durmg pregnancy? 4 and 
durmg liver rogeneration followmg partial hepatectomy 
or carbon tetrachloride poisoning®!° While these con- 
ditions all involve considerable tissue synthesis, SA.G 
also appears m several situations where httle or no obvious 
growth occurs Jactation?-4, tight abdominal bandagimg’, 
after Caesarean section with retention of a single placentas, 
and m various ul-defined but possibly mfectious disease 
states®10 

Since, as already noted by Beaton et al $, the develop- 
ment of new tissue does not appear to be an absolute 
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requirement for the appearance of SA,G, we undertook 
to determine the presence or absence of SAG after a 
variety of surgical procedures involving wound healing 
and, ın some but not all cases, compensatory hyperplasia 
Methods used included unilateral renalectomy and 
adrenalectomy, în situ unilateral ligation of the kidney 
and adrenal gland, splenectomy, amputation of a 
foreimb, partial exsanguination, implantation of homo- 
logous minced kidney and sham abdominal surgery Only 
after certain of these treatments did SA,G appear in the 
serum. 

The animals used, their treatment and the methods of 
obtamimg sera were as previously described? Combined. 
unilateral renalectomy and adrenalectomy, splenectomy 
and combmed unilateral ligation of kidney and adrenal 
without thew removal were performed through lateral 
meisions For the kidney ımplant operations, a kidney 
from a donor rat of the samo mbred stram was mmcod 
with seissors under sterile conditions until the pieces were 
2-3 mm on a side They were then implanted mto the 
abdominal cavity through a small ventral mason 
Surgical sham operations were performed as previously 
described!® Limb amputations were performed near the 
middle of the ulna and radius of the right forearm After 
a purse-string suture was placed through the skin around 
the lumb a few millimetres proximal to the prospective 
level of amputation, the skm and muscles were cut, the 
bones severed with scissors, the purse-string suture 
tightened and tied In all other operations, the muscles 
were approxmmated with silk and the skin closed with 
wound chps Partial bleedings were performed by severing 
the rat’s tail and collecting 20 ml blood/kg body-weight 
Bleeding was stopped by a tourniquet and/or cautery 
These procedures were performed under ether anesthesia 
At designated intervals after operation, blood was collected 
from the tail vessels or by heart puncture Vertical starch- 
gel electrophoresis was performed by the method of 
Smuithies'!, with mmor modifications as previously de- 
seribed‘, 

Care must be taken durmg the shemg of the starch 
plate not to allow the two newly cut portions to touch 
each other Should they touch, a small amount of protem 
may be transferred or ‘off-prmted’ from one to the other 
Unless the two halves touch exactly m register, a new, 
artefactual band may be produced This is especially 
likely ın the case of a protem giving a narrow, mtense 
band, for example, slow «,-globulm The spurous band 
may be distmguished from a true band by making a cut 
mto the starch parallel to the axis of migration and 
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Table 1 OCCURRENCE OF SLOW a,-GLOBULIN AFTER VARIOUS SURGICAL 
PROCEDURES 
No of animals in each category 
at indicated No of days after 


Procedure Presence * each procedure 
$ 2 4 6 
Unilateral renalectomy and ~ 0) 0 3 2 
adrenalectomy + 2 1 6 1 
+ + 1 4 2 0 
Kidney ligation — 1 0 2 3 
+ 2 0 2 0 
+ + 0 6 0 0 
Minced kidney implantation — 0 i 
+ 4 7 
++ 1 i 
Splenectomy — 0 0 6 0 
+ 0 3 3 2 
++ 3 4 3 1 
Limb amputation ~ 9 6 
+ L B 
+ + 1t 0 
Partial bleeding — 6 8 8 
+ 0 1 (J 
++ 0 0 @ 
Sham surgery - 22 l6 
ae a 
Untreated control rats - 51 
+ 0 
+ + 0 


* — No slow a,-globulin demonstrable 
+ Some slow a,-globulin demonstrable 
++ Much slow a,-globulin demonstrable 
t Signs of wound infection ` 































the depth of the bands within the starch: a 
and will be very shallow, a true band will 
ll or most of the way through the starch. 

results obtained are shown in Table 1. In none of 
al procedures under consideration is there any 
on.of the affected organ in the sense that such 
tion occurs after partial hepatectomy. However, 
but the minced kidney implantation, sham surgery 
limb amputation, considerable compensatory hyper- 
hy ot hyperplasia may be expected (see, for example, 
12). It is clear from the results obtained that SA,G@ 
demonstrable in all those conditions involving compen- 
tory growth except the partial exsanguination. The 
ure of SA,G to appear after considerable loss of blood 
be attributable to: (a) failure to remove sufficient 
(b) small amount of wound healing called forth; 
attributes of a system which produces massive 





ho. 
quantities of new tissue at all times, even in the absence 
of experimental manipulations. In some experiments 
_ designed to test the first hypothesis, large quantities of 
_ blood were removed once or repeatedly, without, however, 
evoking a demonstrable production of SA,G. In the 
minced kidney implant operation and in some other 
manipulations at present being used in this laboratory, 
little wound healing is called forth yet SA,G becomes 
- readily demonstrable. Hence, the third hypothesis seems 
most likely at this time. The failure to evoke demonstrable 
_ SA,G by partial bleeding also indicates that loss of blood 
at surgery is not the effective factor in the other surgical 
-= procedures. Compensatory growth of certain organs may, 
_ therefore, be one of the stimuli capable of calling forth 
the demonstrable production of SA,G. 
‘Phat conditions other than those leading to some type 
of growth can bring about the production of demonstrable 
-SAG is shown by the frequent or occasional appearance 
_ of SA,G after limb amputation, sham surgery or implanta- 
- tion of minced kidney. In view of the diarrhoea which is 
_ often found occurring in the rare cases of spontaneously 
SA.G-positive control rats**, and the ever-present possi- 
bility of wound infections, it is suggested that inflammatory 
er infectious disease may be a possible evocating agent. 
The presence of SA,@ in all rats two days after the 
_ implantation of minced kidney tissue and in the majority 
of rats four days after such implantation may be due to 
a stimulation, by products of tissue breakdown, analogous 
to that due to infection. That tissue breakdown can bring 
about an increase in «,-globulin (but not necessarily slow 

















-globulin) in man has been known for some time", 
Finally, it does not appear that mere surgical shock can 
ad to the production of demonstrable SA,G@ since many 
rats subjected to limb amputation or sham surgery do not 
chibit any SA,G. ' 
This work was supported in part by grant GB-347 from 
e U.S. National Science Foundation. 
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to the MNSs System ee 
Two unrelated families have been found to demonstrate . 


the inheritance of a new and rare red cell antigen, t 





specificity of which appears to differ from that of all other a 


antigens so far described. It is proposed that the new 

antigen be named Cla(Caldwell). The close genetical link- — 
age of Cle to the MN Ss system has been established. In. - 
the two families here reported the coupling of Cla is- 
Ms throughout. a ee 

The propositus, Mr. Caldwell, had donated blood: on six = 
occasions, each time being grouped as O. On testing hi 
seventh donation it was found that his red cells were o= 
weakly agglutinated by the anti-B grouping sëram im = 
routine use. Caldwell’s cells were not polyagglutinable, > 
nor were they agglutinated by any of a battery of high- 
titre anti-B sera known to be potent in detecting an 
‘acquired’ B antigen!, nor by a panel of high titre anti- 
A+B (group O) sera. ~ 

Initially we tested 11,000 random donors of all ABO 
groups in the West of Scotland, but no other Cl{a +) was 
detected. However, by chance, a second example of the 
Cl antigen was encountered in a cord blood specimen. 
The cells of Baby Gil. were agglutinated by the routine 
anti-B grouping serum, but not by an anti-A +B (group O} 
serum. The infant was in fact group O and Cl{a+). 

It was established by cross-absorption and elution 
tests that the Caldwell and Gil. antigens were iden- 
tical. 

Evidence from two generations of the Caldwell family 
and from four generations of the Gil. family indicates- 
that the Cla antigen is the regular expression of the 
heterozygous state of an autosomal allele. The Gil. Cle 
can by deduction be traced back for 6 generations to an 
Irish woman born in Ulster about 1830. She must have 
transmitted her Cla to the child of each of her two mar- = > 
riages, so that to-day 27 of her living descendants are — 
known to be Cl(a+). As there is not complete linkage 
of Cla with the ABO, Rh, P, Kell, Duffy or Secretor loc, 
it can reasonably be taken that the new antigen is not 
controlled by any of them. However, when the Gil. 
family data are analysed with respect to MN Ss and Cis 
it becomes apparent that there are no certain recombinants 
and 12 certain non-recombinants between Ms and Ci. 
That such a finding is due to chance has a probability 
of 1 in 2", that is, 1 in 4,000. In addition, the existence 
of a further 30 almost certain non-recombinants confirms 
the closeness of this observed linkage. In the Gil. family 
the absence of a recombinant makes it impossible for us- 
to decide whether Cis is part of, or linked to, the MN Se  —— 
system. Cla must certainly now be considered as yet a 
another of the rare antigens to be associated with the 
MNSs system in some manner. fet ees 

Dr. T. E. Cleghorn has confirmed our findings or shown- <. 
independently that the Cle antigen is not serologically © 
identical with the following antigens which are known- 
to belong to the MNSs complex—-Hu, He (ref. 2), Mi, 
Vw (ref. 3), Mu(Murrell) (ref. 4), Sta(Stones), Ria(Ridley) 
(ref. 5), Vr (ref. 6), Mt* (ref. 7) and Mg (ref. 8). -The 
antigen does not appear to be similar to Mg; for example, 
there are no unexpected dosage effects observable in _ 
comparative titrations of Cl(a+) cells against anti-M, _ 
-N, -8, or -s sora. However, we have not yet encountered - 
NN CHa +) or SS Cl(a-+) bloods, and hence have not been =- 
able to test them for dosage. Such groupings would ee 
been immediately indicative of recombination in the G: 
family. | fu 

Tests (again largely performed by Dr. T. E. Cleghc 
have also excluded identity of the Cle antigen with 
rare or “private” antigens-——Cw, Cx, Ew, V, VS, Bi 
Bp(Bishop) (ref. 9), Bus(Boisvert) (ref. 10), By, L 
Good, Ho, Kp, Levay, Pk, Radin-Fleming (f 
Stobo (ref. 12), Swa, Tra(Traversu) (ref. 9 
























































l Weil, W hra, Yahuda (ref. 9), Pritchard (ref. 9), Evans | 
(ref. 14), Hunt (ref. 15), Kennedy (ref. 16) and Go? 


(Gonzalez) (ref. 17). Three adult Cl{a+) persons have 
given normal adult I reactions, while 3 strong anti-Cla 
sera have contained no appreciable anti-i. Cl(a+) cells 
gave normal positive reactions with anti-Vel, -Ge, -U, -H, 
-Tjè with sera from ‘Bombay’ and D--/D-- persons, 
with potato lectin and with human ‘D-like’ antibody 
(ref. 18). 

-Though the Cl antigen is, at least in Baby Gil., well 
developed at birth, there is no evidence of it having been 
the cause of hemolytic disease of the new-born in these 
-two families under investigation. The 5 CHa — ) mothers of 
Cl{a+) children have no detectable anti-Cl4 in their sera. 
‘Seventeen examples of saline-agglutinating anti-Cla were 
recognized in a series of 4,083 random donor sera of all 
ABO groups, that is, an incidence of 1 in 240 (0-42 per cent). 
Dr. T. E. Cleghorn found 7 examples of anti-Cl¢ in 1,243 
random South London donors. 

Our anti-Cl@ sera have been apparently of natural origin. 
All had their optimal temperature of reaction at 4° C 
or at 12°C, none reacting at 37°C. In keeping with the 

-findmgs of others!’ regarding the action of enzymes on 
antigen-antibody reactions within the MNSs system, the 
presence of bromelin, ficin, papain or trypsin was found 
to inhibit the Cl¢~anti-Cla reaction. 

Finally, it is interesting to note that at an early stage 
of the investigation Cl(a+) cells were found positive with 
a South London anti-B serum, ‘Easter’, which Dr. I. 
Dunsford had shown to react with a Sheffield group O 
donor. Subsequent cross-absorption tests demonstrated 
that ‘Easter’ serum contains anti-Cl¢ in addition to the 
antibody against the cells of the Sheffield donor. 

We thank Dr. J. H. Renwick, Genetics Department, 
University of Glasgow, for collecting numerous blood 

“samples for us, and for his guidance with the linkage 
studies. Wo also thank Dr. T. E. Cleghorn, South London 
Blood Transfusion Service, for performing many of the 
tests involving rare antigens and antibodies, and Dr. R. 

Sanger, Dr. I. Dunsford, Dr. M. C. Huth, Dr. M, Metaxas 
and Miss van der Hart for their co-operation. 
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Acid-buffered Acetone as a Fixative for 
Enzyme Cytochemistry 

ALTHOUGH acetone has been recommended as a fixative 
in the histochemical study of enzymes in tissue sections'”, 
there have been but few reports on the use of this fixative 
in the examination of blood films and related preparations. 

In the work recorded here, a variety of hydrolytic 
enzymes were demonstrated on smears of blood, bone 
marrow, transudates, exfoliated cells, and tissue culture 
cells, as well as on organ imprints, using a fixative 60 per 
cent acetone buffered to pH 4-2 with citrate. Brief fixation 
(20-30 sec) at room temperature resulted in good prg- 
servation of cellular morphology, in most cases of a quality« 
approaching that seen with methanol fixation. The cells 
showed no tendency to wash off the slide even when fresh 
and when placed under a vigorous stream of water. 

The following enzymes were successfully demonstrated : 
alkaline and acid phosphatases, esterase (acetyl and 
chloroacetyl naphthols) using azo dye coupling techniques, 
peroxidase (benzidine method) and dopa oxidase. 

The degree of activity as judged by intensity of dye 
deposition was greater than or equivalent to that seen 
with other fixative procedures. Except for acid phos- 
phatase, most preparations exhibited sites of activity and 
intensity of dye formation similar to that seen on unfixed 
smears. Acid phosphatase was found primarily in myeloid 
cells and platelets with weak activity seen in monocytes 
and lymphocytes, although higher activity was demon- 
strated in unfixed smears. When ‘Naphthol AS-D-chloro- 
acetate’4 was used as a substrate, activity was demon- 
strated in monocytes and platelets, as well as in myeloid 
cells, and weak activity was sometimes seen in lymphocytes 
and erythrocytes. On the other hand, Moloney et al.*, and 
Loffler®, who used cold 10 per cent formal-methanol 
fixation®, found activity only in cells of the myeloid series. 
When ‘Naphthol AS-D acetate’ or ‘Naphthol AS-OL 
acetate’ were used as substrates, strongest activity was 
observed in most monocytes and weaker activity in all 
other cell types including platelets. Similarly stained 
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slides previously fixed ın cold 10 per cent formal-methanol 
showed only very weak stamıng ın some neutrophils and 
m some monocytes The use of 60 per cent citrate buffered 
acetone as & fixative for acetyl esterase and cold 10 per 
cent formal-methanol as a fixative for the enzyme-hydro- 
lysmg chloroacetates was helpful ın distinguishing ım- 
mature myeloid elements from immature monocytes, as 
was pointed out by Moloney’. 

The fixative solution 1s used and stored at room tem- 
perature and 1s prepared by adding 300 ml of absolute 
acetone, while stirrmg, to a mixture of 32 ml of 003 M 
sodium citrate (dihydrate) and 168 ml of 003 M citric 
acid (monohydrate) 

Previously, 60 per cent aqueous acetone was suggested 
as a fixative for succimic dehydrogenase by Quaglino and 
Hayhoe® Optimal cell preservation 1s not obtamed with 
the aqueous solution and in some cases less activity was 
observed as compared with that obtamed on smears fixed 
with the acid-buffered acetone mixture 

The availabilty of a fixative capable of smultaneously 
preserving enzyme activity and cell morphology should 
prove of value to those utilizing techniques for the cyto- 
chemical localization of enzymes in smears. 
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Preparation of Thick Sections for 
Cytochemistry and Electron Microscopy by a 
Non-freezing Technique 


ArT present thick {~ 50u) frozen sections of fixed tissues 
are commonly utilized for cytochemistry and electron 
muicroscopy!-® despite the fact that freezing and thawing 
are known to cause disruption of fine structure and loss of 
enzymatic activity even in fixed tissues*4 These dis- 
advantages have been tolerated since use of sections not 
exceeding 50u ıs necessary to ensure even penetration of 
incubation media!?, and no alternative sectionmg method 
has been available 

We have recently developed a non-freezing technique 
for preparing such thick sections that results in greatly 
improved preservation of cellular structure while retam- 
ing higher levels of enzyme activity than the usual 
frozen section procedures Sections are cut with a Mellwam 
mechanical tissue chopper (manufactured by Gomshall- 
Surry). an instrument ordinarily used to prepare somewhat 
thicker slices of fresh tissue for metabolic mvestigations® 

We have found the following technique satisfactory for 
cutting sections of about 50u A piece of fixed tissue 
(about 1 2x 1 0x 5-10 mm) ıs placed in the centre of a 
pad composed of 6-7 pieces of 5 5 em filter paper (What- 
man No 1) held together with ‘Cellophane’ tape The 
tissue 18 covered with a few drops of liquid 7 per cent 
agar (or a low meltmg point paraffin) dripped on to its 
surface with a warmed dropper pipette (The agar solu- 
tion 18 liquefied by heating in a water bath and subse- 
quently stored at 42°C during use ) The pad containing 
the tissue 13 placed in the refrigerator for several minutes 
until the agar hardens It 1s then secured to the circular 
metal table of the chopper with a few drops of paraffin 
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placed between the bottom piece of filter paper and the 
metal table The chopper is set to cut at 0 052 mm and a 
double-edged razor blade (Schick stainless steel) 1s mounted 
in the holder The speed control 1s set at about 200 
strokes per minute, and the chopper arm ıs positioned so 
that 1t barely contacts the left edge of the specimen. The 
instrument ıs switched on and allowed to remain so until 
the specimen has been completely traversed by the 
chopping action of the machme, which passes through the 
tissue from left to right The sections are then removed 
from the agar and placed ın the desired solution, where 
they readily separate The entire operation takes less than 
10 mm 

We have utilized the foregoing technique to prepare 
sections of a number of tissues (for example, pituitary, 
liver, intestine, kidney, pancreas, skin) fixed m 2-3 per 
cent glutaraldehyde (buffered at pH 72 with 01 M 
caccodylate buffer?) and stored for vamable periods in 
buffer The sections have afterwards been treated by 
several histochemical procedures, ‘post-fixed’ in osmium 
and embedded in ‘Araldite’ When exammed ın the 
electron mucroscope these tissues have consistently 
showed a substantial improvement in general morphology, 
intensity of histochemical reaction and sharpness of 
locahzation of enzyme activity over those prepared by 
frozen section techmques Improved enzyme survival 
was demonstrated by the fact that shorter mncubation 
times could be utilized for the non-frozen than for frozen 
sections to achieve the same intensity of reaction Even 
more notable 1s the fact that carefully prepared chopper 
sections appeared nearly free of the gross defects (tears, 
gaps, large membrane discontinuities, retraction between 
cells), which in our experience invariably characterize to 
some extent the frozen sections 

This investigation was supported by grants A-—6387 and 
2G~-349, U.S Public Health Service 

R E. SMITH 
M G FARQUHAR 
Department of Pathology, 
University of Calıforma School of Medieme, 
San Francisco 22 


1 Novikoff, A B , Essner, E, Goldfischer, S , and Heus, M , in The Inter- 
pretation of Ultrastructure (Academic Press, New York and London, 


*Holt, S J, and Hicks, R M, J Brophys Biochem Cytol , 11, 31 (1961) 
s saan D D, Bensch, K, and Barrnett, R F, J Cell Biol , 17, 19 


‘Novikoff, A B , Burnett, F , and Glickman, M , J Histochem Cytochem , 
4, 416 (1956) 
5 Mellwam, H , and Buddin, H L, Bwehem J, 58, 412 (1953) 


PATHOLOGY 


Electrical Charge Density of Spleen Cells 
sensitized against L-strain Fibroblasts 


Ir has previously been shown that homologous and 
heterologous spleen cells, sensitized agamst L-stram 
fibroblasts, have a marked cytopathic effect on the 
fibroblasts en vitro’? It was thought useful to examme 
the electrical surface charge density of these sensitized 
spleen. cells in view of the possible changes which occur at 
the cell surface during the process of sensttization This 
communication presents such results obtamed by cell 
electrophoresis 

Mice or guinea, pigs were sensitized as deseribed by 
Taylor and Culling?” briefly, this involved two intraperi- 
toneal and one intrasplenie injection of L-strain fibro- 
blasts over a period of nme weeks Five days after the 
intrasplenie mjection the spleen was removed and weighed 
Polyvinylpyrrolidone brush smears of the spleen were 
stained by the acridine orange and Wright’s techniques for 
differential cell counts (lymphocytes, pyronmophilic pro- 
plasma and plasma cells and occasional granulocvtes) 
The spleen was then macerated and shaken with glass 
beads ın Medium 199 to obtain a homogeneous cell sus- 
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pension; sterile conditions were meintained throughout, 
The spleen cells were then washed four times in Medium 
199 and a small aliquot taken for cell electrophoresis. 
1 ml of the spleen cell suspension also was added to each 
of several culture tubes contaimmg a 24-h growth of 
L-strain fibroblasts, viability cell counts on the fibro- 
blasts were performed 24, 48 and 72 h after the addition 
of the spleen cells to assess the extent of fibroblast damage 
caused by the sensitized cells In each experiment iden- 
tical procedures were performed using normal spleen cells 
from litter mates 

The cell electrophoresis technique has been described 
previously’, the spleen cell suspension was washed in 
isotonic saline and suspended in _ phosphate-sucrose 
electrophoretic buffer (pH 70, 1ome strength 0 083, 
relative viscosity 1 21), the specific conductivity measure- 
ments were made on the cell suspension at the end of an 
electrophoretic run Electrophoretic mobilities were con- 
verted to surface charge densities using the simplified 
Gorin equation 


Table 1 EFFECTS OF SPLEEN CELL SENSITIZATION 
Spleent Cell electrophoresis 
U 


Exp Sensitized Spleen YViabilityf plasma psec] ES 
No  orcontrol weight counts cell series V/cm em-* 
(mg) (x 10°) {%) 
1* G 850 140 8 1 40 28x10? 
5 1,740 63 56 0 94 19 
24 C 670 140 5 140 28 
S 1,020 75 40 116 23 
3* € 790 155 9 1 30 26 
8 1,406 22 64 0 88 17 
q* C 740 134 1 35 27 
5 1,010 51 36 0 97 19 
5 Cc 90 241 J 21 24 
S 270 18 56 1 07 21 
6 ($ 100 171 1 41 28 
8 320 49 40 0 89 18 
7 C 110 189 132 26 
S 330 29 54 103 21 
g C 120 170 12 141 28 
S 200 53 40 103 21 
9 (9) 90 170 1 41 28 
S 230 35 33 0 91 18 
10 (9: 100 120 125 25 
S 340 12 38 161 26 
11 C 100 120 7 1 25 25 
S 320 13 59 0 94 19 


* Guner pig (remaming animals BALB/e mice) 

t Fibroblast culture viability counts at 72 h 
gaa i proplasma and plasma cells as percentage of spleen cell 

The results are summarized in Table 1, where ıt will be 
seen that (1) spleens of sensitized animals are approxim- 
ately two or three times larger than control animuls, 
(2) sensitization causes an increase of plasma and pro- 
plasma cells in the spleen, (3) the cytopathic effect 
of the sensitized spleen cells ıs reflected by the smaller 
number of viable fibroblasts after incubation for 72 h with 
sensitized cells, compared with those incubated with normal 
cells; (4) the sensitized spleen cell suspensions invariably 
showed a slower cell electrophoretic mobility than non- 
sensitized spleen cells (P>0001), the average loss of 
surface charge density approximates 10 6x 10° electron 
charges/u? cell surface Evaluation of detailed cellular 
morphology is difficult in the electrostatic apparatus, thus 
limiting attempts to correlate cell mobilities with their 
morphological and functional characteristics However, 
despite heterogeneity of the sensitized spleen cell popula- 
tions, their electrophoretic mobilities were quite uniform 

The fall in surface charge density associated with the 
emergence of sensitized (plasma and pro-plasma) cells 18 
somewhat surprising in view of the evidence to suggest 
that proliferating cell populations have a higher surface 
charge density than their resting counterparts* The fall 
m surface charge density may be dueto (1) an expansion 
of the cell surface, (2) re-alignment of surface ionic 
groups, or (3) the presence of y-globulin on the cell surface 
this possibilty seems plausible m view of the fact that 
sensitized cells are involved in antibody synthesis, 
furthermore, y-globulin has the slowest electrophoretic 
mobility of the plasma proteins 

In conclusion, homologous and heterologous spleen 
cells that have been sensitized against D-straim fibroblasts 
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are cytopathic to the fibroblasts ın culture These sen- 
sıtızed spleen cells have a significantly lower surface charge 
density than normal spleen cells from control animals 
This difference may be due to the presence of cytotoxic 
antibody y-globulin on the surface of the sensitized cells 
This work was supported by grants from the National 

Cancer Institute of Canada and the Medical Research 
Council of Canada 
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Inhibition by Urethan (Ethyl Carbamate) of Virus 
Induction of Leukæmia in C3H Mice 


URETHAN ıs now known to be a multipotent caremo- 
genic agent! Its leukemogenic action m adult mice 18 
only shght?, 1f at alli However, 1t has been shown to 
act as an ‘mcomplete’ carcmogen m adults m poten- 
tiating the leuksemogenie effects of total-body radia- 
tion®4, and of cestrogens and polycyclic hydrocarbons? 
More recently, urethan has been shown to exert a striking 
leukemogenic effect when administered to some strains 
of mice shortly after birth’ 

In the work recorded here the effect was exammed of 
urethan introduced durmg the neonatal period ın the 
low-leukemic C3Hf/LIw stran of mice and ın its recently 
derived, genetically comparable, high-leukemic sub-hne 
C3Hf */I~v, mn which Moloney leukemogenic virus (MLV) 
1s transmitted through the mother’s milk to successive 
goenerations®® 

Mice 24-72 h after birth received subcutaneously either 
a single myjection of urethan dissolved in distilled water 
(4 per cent solution) at a dosage of 1 mg/g body-weight 
or the same dosage given for 4 consecutive weeks beginning 
in mice 24-72 h of age Mortality in the latter group was 
considerable, but recovery of survivors was rapid 

Table 1 shows the results obtained m a 10-month 
period of observation Low-leukemic C3H mice did not 
develop lymphocytic neoplasms at either dosage-level 
of urethan. Multiple hepatomas were, however, found at 
necropsy ın both sexes and at 10 months in both groups 
Neoplasms of reticular tissues, principally lymphocytic 
leukemia, occur spontaneously m the C3Hf/Lw stran at a 
frequency of approximately 10 per cent, but rarely before 
12 months of age, and hepatomas occur with a moderate 
frequency among males, but usually beyond a year of age’ 

A striking mhibrtion of lymphocytic neoplasms, prin- 
cipally of thymic origin, was found m those high-leukemic 
C3Hf*/Inw muce of both sexes given urethan at both 
dosage-levels Ths inhibition 1s reflected ın both fre- 
quency and latent period Untreated controls in these 
groups 3b and 4b of Table 1 were either htter mates of the 
injected mice, housed m the same cages, or were prior 
or subsequent htters born to the same mothers In 
those few C3Hf*/Lw urethan-treated mice which came to 
necropsy at 10 months of age there was found, as in the 
low-leukemic sub-line, a high frequency of multiple 
hepatomas ın both males and females Lung adenomas 
were rare 

A group of BALB/c mice receiving 1 mg/g urethan at 
24-72 h of age remamed non-leukemic and were killed 
at 10 months of age No hepatomas were found, but 
89 per cent had multiple lung adenomas (25/27 females 
and 20/24 males) 

Although a strikingly enhanced susceptibility to urethan 
has been recorded im several stocks and mbred strains of 
mice given the compound parenterally®~’, or orally?! as 
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rs or early in life, it is clear from the results 
ented here that induction of leukemia (or other 
plasms) is not a general phenomenon but is apparently 
te dependent on the genotype of the animal. In 
another C3H sub-line, for example C3H/B:, given urethan 
paronterally at birth, lymphocytic neoplasms were en- 
eountered in 40 per cent of the mice (females only) and a 
pronounced sex differential was observed in hepatoma 
induction". Male C3H mice of 3 different, but related, 
_. substrains have been shown previously to have an increased 
frequency of hepatomas when given urethan parenterally 
as adults’. 
—— (03Hf/Iav mice, though susceptible to MLV and capable 
of replicating and transmitting virus through successive 
_. generations, are insensitive to urethan induction of lympho- 
= eytie leukemia. The inhibitory influence of urethan 
_ observed in the high-leukemic C3Hf*/Izo sub-line signifies 
that the potentiation or promoting effect of urethan*“ 
‘may indeed also be a limited phenomenon. 
- This work was supported in part by a grant-in-aid 


from the Anna Fuller Fund. 
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Electron Microscope Observations of Tumour 
Cell Cultures in the Presence of Lysozyme 
-Tw earlier works, one of us! reported that lysozyme 
tracted from chicken egg albumen, added in suitable 
-eoncentrations to human cell cultures, induced meta- 
chromatic granulations in the cell cytoplasm. Little 
on has so far been obtained on the nature and 
ance of these granulations, in spite of a number of 
ations carried out to investigate their relationships 
iost: cell, their tinctorial properties and their 

tivity to cytochemical tests. 































of further work. Thus, it. could. b | 
zyme granules in cell smears, either dried in the air or 
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rejected. They were found to occur only in cells u 


metabolic and reproductive activity, and their presence ~ 
would not seem to modify normal cell development. 

A preliminary electron. microscope investigation on. — 
lysozyme-treated cells showed the presence, in some =- 
cytoplasm vacuoles, of small structureless: heaps which | 
probably correspond to the granules observed by the light 
microscope*. a 

Information obtained by a fuller investigation of such. 
processes is reported here, special consideration being 
given to their relationship with endocytoplasmic strage = . 
tures. Hep 2 strain of epithelial origin, kindly supplied by 
aie ie Fjelde (State Serum Institute, Copenhagen), was 
used, | eS oe 
Cell colonies were grown on coagulum from chicken = 
plasma and embryonal extract, using 199 or Gey’s culture 
medium to which was added human and calf serum. — = 

Lysozyme chloride was added to the cells being tested, 
in the proportion of 3 mg/ml. nutrient culture medium. _ 
24-36 h later, after the appearance of lysozyme granules ~ 
had been proved by the light microscope, colonies were _ 
removed, fixed with osmic acid and embedded in meta-  _ 
erylate, following the usual procedures. Sections 400A 
thick were made and examined by electron microscope. 

Before describing the changes induced by lysozyme in < 
Hep 2 cells, we should consider the appearance of cyto- 
plasm membranes in untreated cells, since tho afore- 
mentioned granulations seem to develop on these 
structures. E na a eee 

In cytoplasms of untreated cells, changes due to 
collections of multilayered membranes are regularly _ 
observed. These show a concentric appearance, are onion- 
or ring-shaped, or arranged like lamellar coils, grouped at == 
the periphery of a large vacuole in which they are con-  _ 
tained (Fig. 1). , ee Eoo 

Fig. 2 shows the same Hep 2 strain“ after 
treatment with lysozyme chloride under the afore- - 
mentioned technical procedures: the homogeneous small _ 
heaps, oval or round-shaped, of different sizes, we aly 
opaque, contained in the vacuoles or membranous S 
tions, may be identified with lysozyme granules. 1 
granules are closely related to the multilamellar mem- 
branous structures from which they seem to originate — 
following a homogenization process induced by lysozyme: _ 

Among the proposed views on the nature and genesis of 
the, granules under discussion, that of a direct action of 
lysozyme on some constituents of the endocytoplasmic 
reticulum deserves consideration. This hypothesis 1 
suggest, rather than a simple linkage between. pri 
different electric charge, an attack of the lysozym 
membranes through an enzymatic mechanism of | 
genization of the fibrillar structure, resulting in 
formation of granules. 0 a a a 

If these experimental observations are confir 
lysozyme will acquire a significant role in the exami 
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Fig. 1. x 35,500 





Fig. 2. x 20,506 


of the biochemical nature of cytoplasm membranous 
formations and of interference with the reactive processes 
of such membranes during viral infections and other 
pathological conditions of cells. 
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Effects of p-Dimethylaminoazobenzene on 
the Fine Structure of Rat Liver Cells 


INTEREST is at present being shown in the changes 
which carcinogenic agents induce in the fine structure of 
liver cells. When substances such as thioacetamide?, 
dimethylnitrosamine? and ethionine’ are administered to 
rats, a constant and early change is a hypertrophy of the 
smooth elements of the endoplasmic reticulum. In some 
cells there is also the formation of whorled structures 
composed of smooth paired membranes. So far as p- 


NATURE 


x 


November 16, 1963 VoL. 200 


dimethylaminoazobenzene is concerned, the only investi- 


gations reported so far are those of Porter and Bruni‘, 


and Hiibner®. These workers described a hypertrophy of 
the endoplasmic reticulum, but made no mention of whorl 
formation. 

The animals used in the work recorded here were albino 
male rats of a local strain which had been fed maize 
containing 1 per cent p-dimethylaminoazobenzene. They 


were killed after 7 months of feeding, by which time several 


hepatocellular and cholangio-carcinomas had developed. 
Non-neoplastic portions of liver were fixed in Palade’s 
fixative and embedded in methacrylate. Localization of 
the changes in relation to the portal tracts was facilitated 
by examination of thick sections stained by toluidine 
blue. 

It was found that the endoplasmic reticulum had been 
transformed into a honeycombed mass of vesicles of 
varying sizes (Fig. 1). They did not contain any electron- 
dense material and were clearly delimited by smooth 
cytoplasmic membranes. At random points the membranes 
were more densely crowded together, and here varying 
stages of whorl formation were evident (Fig. 2). These 
structures consisted of circularly arranged paired mem- 
branes surrounding an inner zone which contained faintly 
electron-dense material or poorly outlined membranes. 
Up to ten pairs of membranes were counted in a single 
whorl, at the periphery of which the membranes merged 
with those lining the vesicles. Although most of the 
mitochondria were normal, some were irregularly shaped, 
while others were swollen, granular and possessed incon- 





Fig. 1, The endoplasmic reticulum has been converted into a mass 
of vesicles lined by smooth membranes, Portions of three cells and a 
nucleus are shown 





Fig. 2. An area of whor! formation. 


; The paired membranes appear to 
be continuous with those lining the vesicles, A few pe Maced 
mitochondria are present 
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ous Forsta. Occasional nuclei had a very irregular 
renated outline, but no gross nucleolar abnormalities 
sted. Some cells contained many dense bodies and 
clusions. Examination of the thick sections revealed 
| the cells studied were periportal in situation. 
~ehanges we have observed in the endoplasmic 
him appear similar to those following the administra- 
on of thioacetamide, dimethylnitrosamine and ethionine, 
as yet we do not know when they first appear and what 
tion of cells exhibit them. It is of interest that four 
ferent hepato-carcinogens should produce similar 
erations in the fine structure of cells. In attempting 
evaluate the significance of the hypertrophy of the 
endoplasmic reticulum and whorl formation in relation 
> the mechanisms of carcinogenesis, their possible non- 
cificity should be borne in mind. In this connexion, 
laminated aggregates of membranes followed the adminis- 
tration of DDT to rats*, while whorled structures appeared 
in mouse liver cells infected with the virus of Rift Valley 
fever’. In the latter case, however, the membranes were 
studded at regular intervals by dark transverse bands, 
thus differing from those induced by carcinogenic agents. 
< Hypertrophy of the endoplasmic reticulum without whorl 
formation has also been described in starvation-refeeding 
` experiments? and after feeding p1-6-3-thienylalanine’®. 
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-7 _ Phenacetin- induced Papillary Damage in 
Experimental Animals 


= Denisa the past ten years many reports have appeared 
describing the association of chronic interstitial nephritis 
and renal papillary necrosis with chronic ingestion of 
I jhenacetin-containing analgesic tablets!~. 
ithough there is overwhelming circumstantial evidence 
f of such an association, some authors still doubt 
iether there is a causal relationship between phenacetin 
estion and renal disease*-?. In an attempt to clarify 
or blem large doses of phenacetin have been fed to 
nimals over prolonged periods of time; but these experi- 
monte “have yielded equi ivoca] results. Thus, Studer 
et al.* found little change in the kidneys of rats fed phenace- 
- tin and this was later confirmed in rabbits’ and guinea 
pigs”. Thélen et al.“ described interstitial nephritis 
in mice, but these animals were prone to spontaneous 
urinary infection with Closiella muris. Similarly, rabbits 
fed on phenacetin and afterwards injected intra- 





enously with Escherichia coli developed antorstitial 
phritis'*, but this finding has not been confirr 

wervall et al.i¢ have shown that phenacetin and N. . 
styl-p-aminophenol fed to rats over a long period 
time increased their susceptibility to the development 
f hematogenous interstitial nephritis. Recently, Eisalo 
and Talanti® have described changes of chronic inter- 
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stitial coeneiias in rats given. 100 + mg: of phone : 
for one month. The lesions were associated: with di 
appearance of enzyme activity in the renal tubular cells 


However, as yet there is no published experimental work 


describing the occurrence of papillary necrosis in animals x 
fed on phenacetin preparations. E 
We have administered tablets containing phenadetin 
alone and others consisting of aspirin, pampeeniy a id 
caffeine (A.P.C.) to groups of Wistar rats over fift n 











Fig. 1. Section through the renal cortex of a rat fed- A, PC tablets fir’ 9 
a period of seven months. There is interstitial fibrosis, tubular ‘Dae 
ment membrane thickening and pare atrophy (hematoxylin 

eosin, x 








Fig. 2. Section through the renal papilla of a rat fed: Paaaseiln. tablate n 
iF a period of seven months. The papilla is distended. with extensive. ) 
hemorrhage (hematoxylin and eosin, x 400) 2 










Section through the renal papilla of a rat fed A.P.C, tablets 
for a period of eight months showing total papillary necrosis with minimal 
cellular infiltrate (hematoxylin and eosin, x 800) 


Fig, 3. 





oon Fig. 4. Section through the renal, papilla of a rat fed A.P.C. tablets 
“s: fora period of 14 months. There is total pe illary necrosis with a 
ae inarked granular and non-granular oo ematoxylin ag i eosin, 







a months. The tablets were crushed in a mortar and mixed 
with fine rolled oats. The total intake of phenacetin by 


each rat varied from 1,000 to 14,600 mg. 


‘Three types of lesions were observed in the experi- 


me mental animals: 


(a) An interstitial fibrosis with thickening of the 


Pe tubular basement membrane and tubular atrophy occurred: 
_ an both the phenacetin and A.P.C. groups (Fig. 1). 


_ Although this change did occur in control animals, it 
>was quantitatively and qualitatively less marked than 
in the other two groups. 

(b) Severe hemorrhage into the renal papilla occurred in 
20 per cent of the rats in the A.P.C. and phenacetin groups 
(Fig. 2). A small area of hemorrhage occurred in one 
control animal. 

(c) Papillary necrosis was observed in two rats. The 
first had been fed A.P.C. tablets for 8 months and the 
renal papilla was totally necrosed. There was minimal 
cellular infiltrate and bacteria were not present (Fig. 3). 


- months, pet M p 





fera necrosis in whio era was both 
a granular and non-granular cell infiltration (Fig. 4). 
There were scattered foci of Gram-negative - bacilli 
present. No such changes were observed in the control 


group. 

The production of papillary damage in rats fed on 
phenacetin provides convincing support for causal rela- 
tionship between prolonged phenacetin abuse and renal 
damage. 

C. ABRAHAMS 
A. H. RUBENSTEIN * 
N. W. Levin ¢ 


Departments of Pathology and Medicine, 
University of Witwatersrand Medical School, 
Johannesburg, South Africa. 


* Senior research bursar, Cardio-Pulmonary Unit of the Council for 
Scientific and Industrial Research. 


t Present address: Department of Medicine, University of Illinois College 

of Medicine, Chicago 12. 

‘Ross, P., Med. J. Austral., 49, 539 (1962). 

* Lindeneg, O., Fischer, 8., Pedersen, J., and Nielsen, A., 

166, 321 (1959), 
* Levin, N, W., Rabenstein, A. H., Abrahams, C., Jordaan, J. C., and Posel, 
. M., South Afr. Med. J., 36, 555 (1962). 
t Bengtsson, U.. Acta med. Seand., 172, Supp., 388 (1962). 


, Zollinger, U U. w oe of Myelonephritis, 59 (Little, Brown and Co., Boston, 
a SS., 1 * 


* Brun, C., and Kaaschou, F., Ciba Found. Symp. Renal Biopsy, 245, 275 
(J. and A. Churchill, Ltd., London, 1961). 


T Sorenson, A. W. S., Scand. J. Clin. Lab. Invest., 18, 337 (1961). 

* Studer, A., Zhinden, G., and Fust, B., Schweiz. Med. Wehnschr., 88, 
469 (1958), 

* Miescher, P., and Studer, A., Schweiz, Med. Wehnechr., 91, 939 (1961). 

e oor, F., Schweiz. Med. Wehnachr., 92, 61 (1962). 

u Thélen, H., Voegtli, dJ., ey H., and Schaeffer, A., Schweiz. Med. 
Wehnschr., 88, 946 (1956). 

18 Meischer, P., Schnyder, U., and Krech, U., Schweiz. Med. Wehnschr., 88, 
482 (1958). 

43 Keller, H. M., Cottier, H., and Reubi, F., Schweiz. Med. Wehnschr., 91> 
1021 (1961). i 

4 Angervall, L., Leif, L., and Kurt, L., Acta Path. Microbiol, Seand., 34: 
274 (1962). 

18 Hisalo, E., and Talanti, S., Acta med. Scand., 169, 655 (19861). 


Acta med. Scand., 
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Transfer to Neonatal Chickens of the 
Primary Antibody Response initiated in 
vitro 


THERE are numerous reports on the formation of anti- 
body by neonatal animals which had been injected with 
homologous spleen and lymph node cells mixed in vitro 
with bacterial antigens'-*. Transfer to neonatal reci- 
pients of a primary response to serum protein antigens 
under similar conditions has often met with failure or 
with poor antibody responses’. The latter has been 
attributed either to the unsuitability of the neonatal 
environment for the cells’ or to the possibility that 
soluble proteins have a longer induction period, and as a 
consequence the homograft reaction results in damage 
of the cells before antibody is demonstrated*. To obviate 
this, Holub and Rtha utilized diffusion chambers which 
protected the transferred adult cells from the rejection 
mechanism. The present report summarizes further 
attempts to initiate an antibody response by in vitro 
mixing of chicken spleen cells with either bovine serum 
albumin (BSA) or with BSA-anti-BSA complexes, and 
subsequent transfer to neonatal chickens. 

Tissue culture Mixture 199 (pH 7:0) containirig heparin 
and penicillin was used throughout this work. The 
procedure for preparation of spleen homogenates - was 
similar to the method described by Papermaster*.. Spleens 
were obtained from adult Austra white hens and h 
genized in a Potter tissue sre The. ce ! 








concentrations of 1 x 108 — 1x 10° cells/ml UT 
and control cells were meubated at. 37 Cc for. 30- min, 
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and ın some experiments the cells were washed 3 times 
with Mixture 199 after mcubation Neonatal cockerels 
or pullets (12—36 h old) were given a single intraperitoneal 
injection of 10 ml of the cell suspensions, and were 
bled 6 days later. The sera were heated at 56° C for 30 
min, adsorbed with sheep red blood cells, and assayed for 
antibody by the tanned cell method® Sera from the 
donors had no anti-BSA titres, and the antibody responses 
of recipient chickens were found to be specific as determ- 
ined by hemaggiutmation mnbition tests 

In preimmary experiments, cells which had been meu- 
bated with concentrations of BSA higher or lower than 
1 0 mg gave poor responses, and no antibody responses 
were demonstrated m chickens which were injected with 
either 1 0 or 0 1 mg of BSA without cells In subsequent 
experiments 10 mg of BSA was used as the sensitizing 
dose, and the results are summarized ın Table 1 Vanous 
controls were included and are summarized as follows 
Only 2 of 51 chickens produced hemagglutinin titres of 
1 10 following injection of 10 mg BSA (no cells) Cells 
which had been incubated with BSA followed by disruption 
by 5 cycles of freezing and thawing failed to form antı- 
body Responses obtained with washed and unwashed 
sensitized cells were sumilar Incubation of cells with BSA 
and chicken anti-BSA antibody complexes (Exp 2 and 4) 
did not produce titres higher than cells incubated only 
with antigen Small amounts of antibody appeared ım 
recipients unjected with cells which had been meubated 
with high-titre chicken antibody and washed In Exp 1, 
high titres were produced by cells which had been meu- 
bated with primary chicken anti-BSA antibody contaimng 
a high concentration of high molecular weight (19S) 
hemagglutinin’, and then followed by meubation with 
BSA and washmg We were unable to repeat the produc- 
tion of these high titres m subsequent experiments, and 
the results suggest that either a secondary response was 
elicited, although the donor sera were negative for anti- 
BSA, or that the antibody was passively transferred 

The antibody responses to cells exposed only to antigen 
were erratic, and this might be related to the sex of the 
recipients In 3 experiments with cockerels no measur- 
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Table 1 ATTEMPTS TO ELICIT A PRIMARY ANTIBODY RESPONSE IN NEONATAL 
CHICKENS WITH PASSIVELY TRANSFERRED SPLEEN BLES SENSITIZED n 
otro WITH BOVINE SERUM ALBUMIN (BSA) 


Experiment No 
Treatment of 


spleen cells* 1) 2s) 39 49 5 5 
Cells + BSA~anti-BSA omt 0 (1) 
complexes, cubated, 10 (1) 
washed 3 times 80 (2) 
Cells + BSA~anti-BSA 0 (7) 10 (2) 
complexes, incubated, 20 (2) 
unwashed 40 (1) 
80 (2) 
Cells + BSA~anti-BSA 0 fH 
complexes, incubated, 5 (i 
washed, disrupted by 
freeze-thaw 
Cells + anti-BSA, 0 (7) 5 (1) 5 (2) 
incubated, washed 10 (1) 20 (1) 
3 times 
Cells +anti-BSA, 640 (1) 0 (7) 40 (1) 0 (a) 5 (8) 5 (2) 
incubated, washed 3 10,240 (1) 80 (1) 20(1) 10(1) 10 (2) 
times, BSA added, 20,486 (1) 160 (2) 40 {1} 
incubated, washed 40,960 (1) 320 (2) 80 (1) 
3 times 320,000 (1) 1,280 (1) 160 (1) 
Cells+ BSA, 6 (3) 
incubated, disrupted 
by freeze-thaw 
Cells+ BSA, 0 (6) 0(2) oa) 104) 
incubated, unwashed 10 (1) 5 (2) 20 (2) 
40(1) 400) 
80 (1) 
Cells+ BSA, 10 (2) 0 (34) 
incubated, washed 20 (2) 5 (4) 
3 times 80 (1) 10) 
20 (2) 
40 {1} 
img BSA 0 (3) 0 (5) 0 (6) 0 (29) 
{no cells) 5 1) 5 (2) er tal 


*Neonatal chickens bled 6 days following transfer of 1 x 10°~1 x 10° cells 
+ Reciprocal of hemagglutinm titre, numbers ım parentheses refer 
to number of chickens 
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able tıtres were obtamed (1 10 or above), however, 
there were always some chickens which produced anti- 
body ın experiments ın which pullets were used Appar- 
ently antibody synthesis was muitiated an viro rather than 
as a result of active sensitization of the recipients to 
antigen transferred with cells Fifty-five chickens (pullets 
and cockerels) were imyected with antigen-exposed 
cells (washed and unwashed), and 16 chickens or 19 per 
cent produced titres of 1 10 or greater, whereas only 2 or 
4 per cont of 51 chickens injected with BSA produced 
titres of 110 Furthermore, 64 per cent (9/14) of the 
pullets produced antibody ın response to cells plus antigen, 
and no titres were detected in 13 pullets myected with 
antigen alone Whether a difference m the degree of 
maturity between neonatal sexes exists, and, consequently, 
pullets may represent a more effective host for poten- 
tially antibody-producing cells, remains to be clarited 

Evidence tor the high molecular weight nature of the 
antibody synthesized m neonatal chickens was obtamed 
by sucrose density gradient ultracentrifugation’? Hem- 
agglutinating activity was associated with the 198 
globulin fractions, thus yielding evidence that a primary 
response was mducedi® H 

This work was supported by funds provided by research 
traming grant 2#-158 from the National Institute of 
Allergy and Infectious Diseases, US Pubhe Health 
Service 
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Preparation of Vipera palestinae 
Antineurotoxin using Carkoxymethyl-cellulose- 
bound Neurotoxin as Antigen 


THe separation and characterization of two distinct 
toxic components of Vipera palestinae venom, hæmor- 
rhagin and neurotoxin, by the use of electrophoretic and 
chromatographicmethods, have been previously reported?!? 
Numerous attempts macle in this laboratory over a number 
of years to prepare potent viper antmeurotoxin by using 
neurotoxic fractions for rmmunization have been unsuc- 
cessful Superimposed immunization with neurotoxic 
fraction of rabbits previously 1mmunized with whole 
venom did raise the antineurotoxin titre but not to a 
sufficient levelt 

It was observed, durmg investigations of column 
chromatography fractionation of Vipera palestinas venom, 
that, while the neurotoxin elutes from a ‘DEAE-cellulose’ 
column, it is firmly bound to a carboxymethyl-cellulose 
column? Binding of sea snake toxin to the latter resin 
was recently reported by Carey and Wright ‘The present 
report deals with the effect of carboxymethyl cellulose 
(CMC) on the toxicity and immunogenic activity of the 
neurotoxic fraction of Vipera palestenae venom 
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The neurotoxin-bindmg capacity of CMC was tested 
using CMC in a non-soluble form, prepared according to 
the method of Peterson and Sober’ from Whatman ashless 
standaid cellulose powder, mesh 325 (H Reeve Angel and 
Co , Inc , New York) The CMC preparation was suspen- 
ded in phosphate buffer 0 005 M, pH. 68 The neurotoxic 
fraction was an eluate from a ‘DEAE-cellulose’ chroma- 
tography column? The amount of neurotoxin which 
combines with CMC was measured by adding increasing 
lethal doses of the neurotoxic fraction to constant amounts 
of CMC Followmg moderate centrifugation, the super- 
natant was titrated for toxicity by intraperitoneal mocu- 
lation of mice weighing 20 g, and the LD, calculated 
according to the method of Reed and Muench’ It was 
found that 1 g of insoluble CMC binds up to 390 LD; of 
the neurotoxic fraction 

Antisera against the CMC-bound neurotoxin were 
prepared ım rabbits As controls, antisera prepared m 
rabbits by the use of neurotoxic fraction alone were util- 
ized Since the msoluble form of CMC could not be used 
for immunization of rabbits, the neurotoxic fraction was 
bound to CMC in soluble form Toxicity tests of this CMG- 
neurotoxin complex proved that 300 LD,, of added neuro- 
toxin was detoxified by 1 g of soluble CMC 

Two immunization experiments were carried out usmg 
3 rabbits each The antigen was mixed m equal parts 
with Freund’s complete adjuvant prior to inoculation 
Primary immunization was carried out by two intradermal 
injections into two foot-pads each, within one week, 
followed after an interval of ten days by a single sub- 
cutancous myection The amounts of CMC-neurotoxm 
complex used for these two primary inoculations were 
equivalent to 2 and 17 mouse LD; respectively The 
rabbits were bled one week followmg the subcutaneous 
moculation Two months later a subcutaneous ‘booster’ 
myjection was given, equivalent to 375 LD,, of CMC- 
bound neurotoxin One week after the booster the 
animals were re-bled from the heart Pre-, post-primary-, 
and post-booster immunization sera were tested for their 
capacity to neutralize the neurotoxic fraction Varying 
amounts of the respective sera, pooled from 3 rabbits, 
were mixed with different amounts of ZD,, The mixtures 
were inoculated intraperitoneally ın mice and the protec- 
tive effect compared with that of antisera prepared against 
neurotoxin alone It will be seen in Table 1 that the sera 
of rabbits ımmumzed by CMC-bound neurotoxin contamed 
an appreciable amount of specific antibody capable of 
protecting mice agamst the neurotoxic fraction The titre 
of antineurotoxin increased significantly following the 
booster inoculation The antiserum was found to neutral- 
ize specifically the neurotoxic component of viper venom 
and notitshemorrhagin It did not neutralize whole viper 
venom, the test animals dying with hemorrhage 

The results obtamed in the present work show that large 
amounts of neurotoxin can be detoxified by binding 1t to a 
suitable resin The method used made it possible to 
strengthen the immunogenic potency of viper neurotoxm 
to such a degree that mmute amounts of resin-bound 
neurotoxin elicited a high antibody response In view of 
the low molecular weight shown to be characteristic for 
several venom neurotoxms$-', the increase m immuno- 
genie activity attained by resin binding may be a reflexion 
of the increase in molecular weight of the antigen? 


Table 1 NEUTRALIZING POWFR OF RABBIT SERA IMMUNIZED WITH CMC- 
BOUND NEUROTONLN 


No of ZDs, of 
neurotoxic fraction 
neutrahzed/ml serum 


Antigen used Sera 


for immunization 


CHC-bound neuro- 
toxin 


Pre-immunization 0 
Post-primary 9 
Post-booster 30 
Neurotoxie fraction 
alone Pre-immunivation 


Follos ing numerous primary 
and booster inoculations 


NATURE 


November 16, 1963 von 200 


This work was supported by grant H#-3171 from the 
US National Institutes of Hlealth, Department of 
Health, Education and Welfare. 

Cumaya Moroz 
NATAN GOLDBLUM 
ANDRE DE VRIES 
Rogoff Medical Research Institute, 
Department of Experimental Biology, 
Tel Aviv University and the Labor Sickfund, 
Beilinson Hospital, Petah Tikva, 
and Department of Preventive Medicine, 
Hebrew University-—Hadassah Medical School, 
Jerusalem 


+ Gitter, S , Kochwa, S , de Vries, A , and Lefkowitz, M , Amer J Trop 
Med and Hyg , 6, 180 (1957) 

£Kochwa, S , Perlmutter, Ch , Gitter, 8, Rechnic, J, and de Vries, A, 
Amer Trop Med and Hyg , 9, 374 (1960) 

3 Moroz-Perlmutter, Ch., Goldblum, N , Gitter, S , and de Vries, A., Proc 
Soc Ezp Biol and Med (sn the press) 

i Kochwa, S., Gitter, S , Strauss, A, and Lefkowitz, M, J Immunol, 
82 107 (1959) 

5 Carey, G E,and Wright, E A, Austral J Exp Biol ,40, 427 (1962) 

e Peterson, E. A , and Seber, H A,J Amer Chem Soe , 78, 751 (1956) 

Reed L J, and Muench, H , Amer J Hyg , 27, 493 (1988) 

® Goncalves, J M, in Venoms, Pub No 44, Amer Assoc Adv Ser, 261 
(Washington, DC , 1956) 


$ a , and Wright, E A, Trans Roy Soc Trop Med Hyg , 54, 
Miranda, F, and Lissitzky, 8 , Nature, 190, 443 (1961) 


Formation of Antibody in Tissue Culture ; 
Effect of Certain Mucopolysaccharides and 
Hexosamine 


RECENT imvestigations have given imsight on the 
mechanism of antibody synthesis n vetro- Fishman*.5 
has further developed ın vetro systems ın which a primary 
induction of antibody was achieved ‘The reports of 
Alfred and Pumper! and of Ozzello? have described the 
use of certain mucopolysaccharides and other non-protem 
substances for growth of primary isolations and estab- 
lished tissue culture cell limes As a continuation of these 
investigations, the present communication aimed at 
testing the ability of two mucopolysaccharides and 
N-acetyl-d-glucosamine to promote the ‘growth’ and 
antibody formation by tissue cultures of chicken spleen 
fragmerts It ıs obvious that an en vuro system that 
would permit a clearly defined examination of the anti- 
body mduction process and the sequence of biochemical 
events which occur during the differentiation of cells into 
antibody-forming clones 1s a major problem 

Adult chickens (2-3 months old) were given a single 
intravenous injection of 10 ml (5x 108 organisms of 
Salmonella paratyphı B vaccme) After 24—28 h, the spleen 
was removed, cut into fragments (3 mm?, 15-20 mg each), 
and placed on stainless steel wire mesh strips (4 cm long, 
15cm wide) Three fragments were placed on each strip, 
each overlaid with a drop of 1 per cent agar®, and allowed 
to stand at room temperature for 15-20 min The agar- 
embedded fragments were then cultured in 17-mm roller 
tubes in 20 ml of each of the following media (a) syn- 
thetic medium, (M-199) alone, (b) M-199+50 per cent 
horse serum, (c) M-199 supplemented with erther chon- 
droitin-sulphate, hyaluronic acid, or d-glucosamme at 
varying concentrations The cultures were kept for 9 
days during which period the growth fluids were collected, 
replaced with fresh medium, and the level of antibody 
was measured The antibody assay procedure was a 
measure of the agglutmating capacity of the growth fluid 
by 002 ml (1x10? organisms) of the original vaccine 
according to Corvazier and Cochrane® 

An average of the results of 10-12 experrments 1s shown 
ım Table 1 Medium-199 (minus purines, pyrimidines, and 
nucleotides) was nutritionally msufficient for antibody 
formation by cultured spleen tissue from sensitized 
chickens However, when this basal medium was supple- 
mented by serum (group 2), chondroitin-sulphate (group 
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Table 1 COMPARATIVE STIMULATORY ACTIVITY OF MCCOPOLYSACCHARIDES, 
N-ACETYL d-GLUCOSAMINE AND SERUM ON THE ANTIBODY-FORMING CAPACITY 
OF CULTURED SPLEEN TISSUE 


Reciprocal of agglutmation 
titre 
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Culture ‘Test material Concentration of 

group in AL-199 test material aye r ä 
1 M-199 alone — 0 0 24 Q 
2 Serum 50 percent v/v 82 128 1,024 4,096 256 
3 Chon-SO, 10 mg/ml 0 4 64 128 4 
4 Hyaluronic acid 10 ,, 0O 16 64 64 0 
5 d-Glucosamine 2Q. -3% 0 4 128 256 82 
6 s3 10 m 0 4 128 512 82 
7 a 05 cs 0 4 4 16 4 
8 sk 025 , 0 0 4 16 0 
ga Serum 50 per cent v/v 32 32 32 82 32 


* Control Spleen fragments from non-injected chickens 


3) hyaluronic acid (group 4), or d-glucosamıne (group 5), 
each of these mixtures permitted the biosynthetic processes 
of antibody formation It was found that there was a 
lhmuting concentration. of each of these supplements below 
which antibody formation decreased or disappeared The 
chemically defined mixture of 1-199 + d-glucosamine was 
of interest since 1t appeared to have a stimulatory activity 
higher than that of chondroitin-sulphate or hyaluronic 
acid and possibly analogous to the activity of the serum 
component 

It was further demonstrated that there was a lag period 
in antibody formation m a nutritionally optimal medium 
and antibody synthesis reached a peak in 6 days and con- 
tinued im some cases for longer pemods Fig 1 shows a 
comparison of the antibody-forming capacity of tissue 
cultivated m various media as a function of meubation 
time Control cultures, contaiming spleen tissue from non- 
injected chickens, grown ın each of the media, showed the 
absence of antibody formation These controls also 
demonstrated that the low agglutmating antibody titre to 
Salmonella paratypht B normally found in the serum of 
chickens (1 8) before injection of antigen was not detect- 
able ın the cultured spleen fragments or salme soluble 
extracts of homogenates of the spleen tissue prior to 
cultivation 


Change of medium 
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Fig 1 Response of cultured spleen fragments to serum (50 per cent), 
mucopolysaccharides (1 mg/ml), and D-glucosamime (1 mg/ml ), each 
dissolved in A-199 

It was desirable to know if the antibody material which 
was produced in the synthetic mixture of M-199+ glucos- 
amine could be separated from low molecular components 
of the growth medium and recovered in a reactive form 
(agglutinating ability) This was accomplished by apply- 
ing a sample of freshly collected culture fluid to a ‘Sephadex 
G-50 column which had been equilibrated with 0 005 M 
sodium phosphate buffer at pH 68, and washing the 
column with the same buffer At least 75 per cent of the 
agglutinating activity was eluted as a sharp peak m the 
mitial column volume ‘This manipulation afforded a 
simple way for obtammg a concentrated antibody- 
containing solution directly from the culture tube 

These prolimmary results indicate that the requirements 
for antibody formation ın vitro need not be a complex 


w 


NATURE 


699 


protem-contanmg medium but that simplified solutions 
can estabhsh the proper physiological conditions for this 
process The use of chemically defined glucosamine 
medium gives rise to a relatively clean environment in 
which one might study the nature of antibody precursors 
and of the finally synthesized antibody protein The fact 
that chondroitin-sulphate and hyaluronic acid promote 
antibody-forming activity in this system suggests that the 
hexosamine residue of these materials might be the active 
site However, the viscosity of the culture medium as 
affected by these mucopolysaccharides cannot be disre- 
garded as a possible essential physiological condition It 
should be noted that the agar-overlay which was used to 
hold the spleen fragment on the wire mesh may have 
served another purpose in aiding im the maintenance of a 
certain degree of organ tissue organization Such organiza- 
tion may be necessary for the successful continuation of 
antibody formation which was induced n vivo Prosent 
experiments are directed toward the elucidation of the 
relationship between the changes in cell types of these 
spleon fragments at different time mtervals of culture and 
the possible role of the nuclear RNA fraction of the cell 
types associated with the sequence of antibody synthesis 

L J Aurrep * 
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ANATOMY 


Influence of Trypan Blue on Resorption of 
Rat Embryos 


TERATOGENIC agents have been found to cause an 
merease in fæœtal mortality as well as developmental 
malformations In a series of 206 embryos between 103 
and 144 days of gestation from Wistar rats injected with 
l ml of a1 per cent solution of trypan blue at 8} days of 
pregnancy, 45 embryos, or 21 8 per cent, were found to 
be undergoing resorption These resorption products 
were examined and eight of them were serially sectioned 
at 5u for histological investigation A number of sites of 
complete resorption were observed, but they were not 
counted, so that the total number of resorptions was 
considerably ın excess of the 45 products examined Even 
so, this proportion of resorptions (21 8 per cent) ıs con- 
siderably greate: than the 60 per cent of resorptions 
recorded by Beck eż al! for a control group of Wistar 
rats, although much lower than the total resorption rate 
(56 2 per cent) recorded for rats injected with 1 per cont 
trypan blue in the same experiment 

On gross exammation, the resorption products were 
seen to be considerably shrunken while retammg 4 
recognizable shape in the early stages Later resorption 
products gradually lost their embryonic shape and merged 
into the surrounding extra-embryonic tissues These 
embryos were more brittle than usual and the tissnes 
flaked easily In advanced cases the amniotic secretion 
had formed a white gel. although at earlier stages there 
was amniotic fluid present and a white deposit on the 
surface of the embryos particularly m the depressions 
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between the limb buds and the body wall The resorption 
products and their chorionic vesicles were imvariebly 
smaller than other embryos of the same htter Litter 
mates which were not resorbing showed a variation mn 
sıze, some being retarded in general development with no 
other apparent deviation from the normal, while larger 
embryos displayed an abnormal heart structure 

Microscopically the resorption products showed little 
evidence of the normal architecture of the embryo and 
displayed an irregular, cellular mass comprising macro- 
phages, nucleated red blood cells and nuclear debris 
Many of the red cell nucle: had lost their surrounding 
cytoplasm and most of the nuclei were pycnotic. There 
were also areas of structureless coagulum 

It has been suggested recently? that footal death is a 
secondary effect of the malformations produced by trypan 
blue The findings in the mvestigation reported here do 
not support this view Invariably the embryos which 
showed even the slightest dogree of resorption were 
smaller than ther litter mates but in the absence of 
resorption the smallest embryos did not display the 
greatest degree of malformation and usually showed no 
evidence of abnormal development apart from the 
retardation in growth 

The extent to which the mammalian embryo relies for 
survival in the uterus on the development of 1ts own 
tissues 1s very small indeed The main requirement 1s for 
adequate umbilical vessels and conducting vessels within 
the embryo, and these are not generally described as 
being affected by teratogenic agents, while abnormalities 
of the heart and great vessels are commonly founds->. 
Indeed development of the embryo may continue following 
decapitation®? 

The resorption of rat embryos does not necessarily 
require the presence of a teratogenic agent such as trypan 
blue It ıs a non-specific phenomenon It has been the 
experience of the staff of the ammal department of the 
Otago Medical School that complete resorption of whole 
litters may occur following rough or inordinate handling 
of the pregnant dam or without any obvious cause It 
is also known to occur m crowded conditions Such 
resorption may occur quite late in the pregnancy at a 
stage where differentiation (as opposed to growth) could 
be expected to be virtually completed 

Trypan blue increases the resorption rate m pregnant 
rats by a mechanism which appears to affect all the 
embryonic tissues and the amniotic fluid, but this effect 
does not seem to be dependent on, or even specifically 
related to, developmental malformations other than that 
of growth retardation 

The malformations in this series of rats will be reported 
at a later date 

W N Avams Surra* 
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University of Otago Medical School 
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RADIOBIOLOGY 


Production of Hydrogen Atoms in Teeth by 
X-irradiation 
THE purpose of this communication. 18 to report several 
electron magnetic resonance observations in human teeth 
wn vitro The sample was a small section of the upper 
left meisor tooth of a 7-year-old female chid The sample 


n 


NATURE 


+ 


November 16, 1963 vor. 200 


volume was 1-2 mm? Electron magnetic resonance 
spectra were obtained at the K-band (24 Kme) with a 
high sensitivity electron magnetic resonance spectrometer 
using 100-ke/s field modulation and a cylindrical cavity 
operating in the TH),, mode The sensitivity of this 
spectrometer 18 approximately 10!? (8H)? spims, where 
SH 1s the resonance line-width 1n gauss 

An initial search m the unimadiated material at room 
temperature disclosed no paramagnetic resonances m 
the 1egion 3,300-10,200 gauss Since the g=2 value of 
magnetic field for the operating frequency was 8,500 
gauss, this corresponds to a scan of g value from 52 
to 17. respectively This means that there ıs no single 
paramagnetic species in the specimen which exceed the 
concentiation 1022 (8H)? and the g value of which hes 
in this region 

X-uradiation was afterwards performed m air at room 
temperature for 10 mm with a tungsten target tube 
operazing at 50 kV and 50 m amp and with the sample 
placed 4 cm from the target Immediately following 
radiation the mtense electron magnetic resonance 
spectrum shown in lig la was observed at room tem- 
perature Fig 1b is the spectrum in the same sample 
25 days following inadiation Durmg this mterval the 
specimen was maintamed in air at room temperature 
Fig le is the integral of the central portion of Fig 16 
and represents the absorption curve The spectra exhibit 
three salient features 


(1) A broad line centred at g= 2 003 and approximately 
20 gauss wide between the inflexion points A comparison 
of Figs la and b shows that this hne has decreased by 
about a factor of 6 during the intervening time 


(2) A ‘Pake’ shape! lme the absorption curve maximum 
of which lies at g=2 0004 This lme 18s easily recognized 
m Fig lc and has a full width of 20 gauss The signal 
intensity 18 essentially undiminished during the 2 5-days 
interval 


(3) A weak doublet centred at g=2 0029+ 0 0003, 
corrected for second-order effects, and a splitting of 
498+2 gauss The width of each component is 5 gauss 
and the signal diminished by about a factor of 2 over the 
2 5-days interval The spectrum was observed at 4 2° K 
with no change in shape The splitting of the doublet 
mereased slightly to 5024+42 gauss However, the 
electron relaxation time at 42° K ıs longer than 
01 sec 


If the spin Hamiltonian of a paramagnetic species con- 
tains terms mvolving tensor quantities, for example, 
hyperfine and quadrupole tensors, the species will exhibit 
broad electron magnetic resonance limes of complex 
shapes? in a polycrystalline or amorphous material The 
lines near g=2 are of this type Identification of spectra 
1 and 2 1s therefore highly problematical Spectrum 2 
probably arises from a defect having an anisotropie g 
tensor and contaming only nuclei with zero spin Con- 
sidering the chemical composition of teeth, this unpaired 
electron may be associated only with the calcium and/or 
oxygen nucle: Simularly, identification of spectrum 1 1s 
not attempted at this time 

Several conclusive arguments can be made for the 
identification of the doublet in spectrum 3 as hydrogen 
atoms A doublet electron magnetic resonance spectrum 
indicates that the unpaired electron m this defect interacts 
with only one nucleus with nuclear spin equal to 4 
Wide-line nuclear magnetic resonance spectra on this 
sample show that large concentrations of both hydrogen-1 
and phosphorus-31 are present No fluorine-19 line was 
observed indicating only a trace amount ıs possible 
These are the only spin 4 nucle: which are likely to be 
present ın more than trace concentrations The observed 
splitting of 500+2 gauss and the observed q-value of 
2 0029+ 00003 are in excellent agreement with the free 
atom values? of 508 gauss and 2 0023 Deviations of this 
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Fig 1 Electron magnetic resonance spectrum in X-irradiated tooth 

at room temperature a, First-derivative of the absorption immediately 

after irradiation, b, first-derrvative of the absorption 25 days after 

uradiation, c, absorption curve corresponding to the central portion 

of b obtained by electronic integration Spectrometer gain was reduced 
by a factor of 10 m the central portions of g and b 


magnitude and even greater have often been measured for 
trapped hydrogen atoms in a solid matrix‘ 

The small width and symmetric shape for the doublet 
hnes indicate that both the g-value and electron-nuclear 
hyperfine interaction are isotropic Thuis fact also agrees 
with previous observations of hydrogen atoms in solids 
Conceivable molecular defects containmg one hydrogen 
atom would have considerable anisotropy in both g-value 
and hyperfine coupling and would also show a much smaller 
doublet separation 

Any phosphorus-contamimg defect in which the 
phosphorus nucleus ıs located at a pomt of less than 
tetrahedral symmetry would likewise possess g and hyper- 
fine anisotropy’ Phosphorus located at a defect of tetra- 
hedral symmetry, as ın phosphorus-doped sucon, would 
have isotropic hyperfine coupling of only 20-30 gauss® 
Atomic phosphorus hkewise has a hyperfine splitting of 
20 gauss? 

Production of hydrogen atoms by radiation damage at 
low temperatures in several materials 1s well established 
The unusual aspect of this work 1s that hydrogen atoms 
have been produced and are relatively stable at room 
temperature in teeth The number of hydrogen atoms 
produced in the 1 mm! sample with 10-muin irradiation 18 
about 10% atoms For the stronger umdentified species 
about 1018 defects are produced 

We thank Dr J. J Lambo of this Laboratory for his 
aid m this work 
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A Fast-neutron Source for 
Radiotherapy 


Ir would be a pity ıf recent correspondence? were to 
give the 1mpression that 14-MeV neutions are known to be 
valueless for radiotherapy on account of their low linear 
energy transfer To my knowledge no measurements of 
the oxygen enhancement ratio of mammalian cells 
irradiated by 14-MeV neutrons have yet been published. 
An estimate of the value of this irradiation in treating 
tumours contamimg anoxic foci ıs therefore a matter of 
speculation. 

In considering the effective linear energy transfer of 
14-MeV neutrons, account must be taken of all the ways 
in which energy can be deposited in tissue At low energies 
nearly all the energy 1s deposited by recoil protons (94 per 
cent at 0 3 MeV?) As the neutron energy rises the propor- 
tion of energy deposited by recoil protons becomes less, 
owing to the falling cross-section for this process, and 18 
only 70 per cent at 14 MeV? Randolph‘ made calculations 
at this energy allowing for the other interactions which can 
occur, and found a significant contribution from -particles 
(mainly from the reaction 160(n,«) 30C) These «-particles 
presumably have a high relative biological effectiveness 
and so are biologically more effective than recoil protons 
An estumate of the radiobiclogical effect based on the 
linear energy transfer of recoil protons only ıs therefore 
likely to be a poor approximation 

It is not at present possible to make a reliable estimate 
of the biological effects of these «-particles However, 
there ıs a general picture that, as the linear energy 
transfer rises, the relative biological effectiveness of 
mammahan cells mses to a maximum around 50 keV/p 
and then falls again’, while oxygen enhancement ratios 
fall steadily ‘The important parameter for therapy ıs 
the ‘gain factor’ defined by Alper? A gain factor of about 
1 7 has been found for cyclotron-produced neutrons having 
& mean energy of 6 MeV® The gain factor for 14-MeV 
neutrons can only be estimated roughly, as the necessary 
radiobiological evidence 1s lacking It 1s likely to be less 
than 17, and a calculation assuming plausible values for 
the radiobiological properties of the components of 14- 
MeV neutron radiation (recoil protons and nuclei and 
a-particles) suggests ıt may be in the region of 1 5, which 
would still be of therapeutic value 

Fowler? points out that the optimum neutron energy 18 
likely to be a compromise between low energies giving 
high linear energy transfer but poor penetration, and high 
energies giving lower lmear energy transfer but better 
penetration This implies that the optumum depends on 
the depth of the tumour treated It 1s quite possible that 
14 MeV may turn out to be a suitable neutron energy for 
treating deep-seated lesions On the other hand, the 
difficulties of colhmating the beam may be greater than 
seem to be imagined by Lomer and Greene? 

While the value of a source of 14-MeV neutrons for 
therapy remains in doubt, the construction of a more 
powerful source than 1s at present available should be 
welcomed as an aid to radiobiological research 


D. K. BEWLEY 
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BIOLOGY 


Effect of Lymphocyte Depletion by Thoracic 
Duct Fistula and Administration of Anti- 
lymphocytic Serum on the Survival of Skin 
Homograits in Rats 


Sinon lymphocytes appear to play a crucial part ın the 
homograft reaction 1t seemed of mterest to examine the 
behaviour of homografts ın recipients subjected to chronic 
lymphocyte depletion by (a) diainage of lymph through a 
thoracic duct fistula, (b) repeated admmmustration of a 
hetero-specifie antulymphocytic serum, (c) a combination 
of these procedures 

The use of a thoracic duct fistula is based on the obser- 
vation of Gowans, McGregor, Cowen and Ford! that rats 
challenged with tetanus toxoid or sheep erythrocytes after 
such & fistula has been maintained for 5 days fail to pro- 
duce antibodies 

The effect of a hetero-specific (rabbit-anti-rat) anti- 
lymphocytic serum on the behaviour of homografts of 
skin and endocrine tissues was investigated some years ago 
by Woodruff, Woodruff and Forman (cited by Woodruff?), 
but ıt was not found possible to maintain a lymphocyto- 
penia for more than about 10 days, and no significant 
effect on homograft survival was observed, the serum 
used in the experrmments recorded here has, however, 
proved to be much more effective 

Albino rats of an inbred stram were used as skin graft 
donors, and hooded rats of a second inbred strain as 
reciprents Fitted split skin grafts (2 em x 2 em) were 
used as described by Woodruff and Simpson? Thoracic 
duct cannulation was performed as described by Bollman, 
Cain and Grindlay‘ and Gowans? In rats undergoing 
lymph depletion the fistula was maintained for 5 days, 
during which time the total output was 1-2 x 10° lympho- 
cytes 

Antilymphocytie serum was prepared mitially by giving 
random bred rabbits three mntraperitoneal injections of 
2 x 108 hooded rat thoracic duct lymphocytes at weekly 
intervals and bleeding 10 days after the last injection 
Immunized rabbits received a ‘booster’ mtraperitoneal 
injection of 100-200 x 10° rat lymphocytes 10 days before 
subsequent bleeding The serum was used without prior 
absorption against rat erythrocytes It was assayed by 
measuring its capacity to produce a lymphocytopenia in 
normal hooded rats, and was accepted as satisfactory only 
if 2 ml myected intraperitoneally to a 200-g rat resulted ın 
æ fall in the absolute lymphocyte count of the peripheral 
blood to less than 2,000/mm? in 4h 

The treatment used and the period of homograft sur- 
vival (assessed macroscopically) ın the various experi- 
mental groups are set out in Table 1 
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It will be seen that lymph drainage and administration 
of antilymphocytic serum both resulted in prolonged 
homograft survival, the maximum effect was obtamed 
when treatment was begun before grafting and continued 
thereafter 

These results will be reported more fully elsewhere with 
an appraisal of their biological significance and their 
possible application in the surgery of replacement 
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Control of Egg Size in Chickens through Dietary 
Amino-acid Balance 


THERE are conflicting reports regarding the influence of 
the level of protem and of specific amino-acids in the diet 
of the hen on egg size Results from an experiment in this 
laboratory suggested that the balance, rather than absolute 
levels, of amino-acids determines the response to different 
amounts of dietary protem and to amino-acid supplement- 
ation of the laying diet There was also evidence that egg 
size may be modified quickly by altering dietary ammo- 
acid balance The following experiment was designed to 
test the validity of these observations 

Forty-eight White Leghorn laying pullets, 8 months of 
age, were placed in individual laying cages The per- 
centage composition of the basal diet (1) fed was ground 
wheat 69 09, ground yellow corn 10 0, soy-bean oil meal 
(44 per cent protem) 75, distillers’ dried solubles 2 0, 
10dized salt 0 35, feeding on (2.250 USP units vitamin 
A, 300 tov vitamm D,/g) 05, wtamin B,, premix 
(20 mg/lb ) 0 06, stabihzed animal fat 5 0. bonemeal 1 75, 
limestone 375, manganese sulphate 0015. The other 
diets consisted of the basal diet supplemented with-ammo- 
acids as follows (2) 025 per cent L-lysme monohydro- 
chloride plus 0 25 per cont pL-methionine (98 per cent 
pure), (3) 0 255 per cent glycine, (4) 0 25 per cent t-lysine 
monohydrochloride plus 025 per cent pxi-methionine 
plus 0255 per cent glyeme. The basal diet contamed 
14 per cent protem 


Table I 











Survival of skin grafts (days) 

















Treatment * Effect of lymphocyte count, No of 
anunals Individual values Mean 
Nil Nil 12 8, 8, 8, 8, 8, 8, 8, 8, 
? , $ 9 & 
Lymph drainage from day —5 to day 0 Fell during drainage period to about half imutial 10 11, 11, 11, 12, 12, 
level, began to rise 1 week later but still be- 13, 14, 15, 15, 15 13 
low normal by time all grafts destroyed 
Antilymphocytic serum 1 ml /day ip on Fell durmg period of treatment to about 10 11, 11, 12, 14, 14, 
days +1 to +14 imelusive quarter initial level, then slowly increased 14, 14, 16, 18f, 41 16 
Antilymphocytic serum 2 ml /day ip on Fell during pre-grafting treatment to about one- 10 18, 18, 22, 27, 29, 30, 
davs —7 to —1 melusive, and 1 mì /day1p fifth initial level, then gradually mereased for 30, 32, 32, 46 28 
on days +1 to +14 inclusive 13 days after which it fell again 
Normal rabbit serum 2 ml /day ın on davs Increased slightly throughout period of treatment 10 8, 8, 8, 8, 8, 8, 8, 8, 
—7 to —1 melusive, and 1 mI /day i‘p on 8, 8 8 
days +1 to +14 inelusive 
Lymoh dramage from day —5 to day 0 Fell during period of treatment to about one- 10 17, 18t, 227, 267, 33, 


Antiymphocytic serum 1 ml /day ip on 


tenth orig 
days +1 to +14 inclusive enth original level 


` 





then gradually rose and 
was almost normal 3 weeks after grafting 


a a E A te at tne AE S EEE, ate sig tee Pg oe one eet 
* The day of skin grafting 1s reckoned as day 0 


38, 42, 45, 54, 80 35 


+ Animal died with healthy graft 
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Table 1 Eaa@ PRODUCTION AND ANALYTICAL DATA 
Amiuno-acid Av egg wt 
Diet supplement Group Period Production (g) 
(%) 
1 None A 1 77 4 56 4 
B 2 62 9 56 4 
4 i po p 
2 74 
2 Methionine B 1 765 57 2 
+ A 2 643 57 6 
lysine a +4 58 4 
58 3 
3 Glycine C 1 768 550 
4 Glycine, 
methionine- 
ly»ine 2 613 56 0 
3 Glycine 3 58 5 55 7 


The pullets were divided into 3 groups of 16 birds each, 
- distributed im imdividual laying cages so as to effect 
uniformity of environmental factors The three groups of 
birds were subjected to the dietary régimes indicated ın 
Table 1 and Fig 1 Groups A and B alternated between 
diets (1) end (2) Group C alternated between diets (3) 
and (4) 


Diets land 2 


Period { Period 3 


iN 


Period 4 


Average egg welght (g) 


Period 1 
Diets 3and 4 


6 12 18 24 30 36 42 





48 54 60 66 72 
Days 


Fig 1 Average weights of eggs laid by birds fed diets of different 
amino-acid balance —, Group A, ~—-—-, group F, , kroup C 


Individual daily record was kept of the weights of eggs 
laid by the birds within each group The experiment was 
of 72 days’ duration The weights of the component parts 
(shell+ shell membranes, albumen and yolk) of all eggs 
laid on 20 days during periods 3 and 4 were determined 
The moisture content of the albumen from several days’ 
production of eggs was also determmed during the last 
period 

The average weights of the eggs laid ale shown in a 
graph by 3-day periods in Fig 1, and a summary of the 
results is grven in Table 1 The rank of the diets in their 
effect on egg size was sumilar throughout the experiment: 
diet (2), diet (1), and diet (3) or (4) 

Since egg size was depressed when glycine was added to 
the basal diet and as supplementation with lysine and 
methionine increased egg size, 1t may be concluded that 
amino-acid balance and not protem-level was the factor 
hmitirg egg size Supplementation with lysme and 
methionine of the diet already supplemented with glycine, 
that is, substitution of diet (4) for diet (3), did not increase 
egg size to the weight of the eggs lad by birds recerving 
diet (2), which was supplemented with lysme and methio- 
nine only Evidently. m the case of diet (4). although the 
absolute levels of lysine and methionme were simular to 
those in diet (2), the levels of these amino-acids relative 
to the over-all amimo-acid composition of the diet were 
not optimum for maximum egg size. 

When lysine and methionine were either added to or 
withdrawn from the basal diet, size of the eggs laid was 
affected on the fourth day followmg modification of the 
diet Alternation of diets (1) and (2) between groups A 
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Table 2 COMPOSITION OF EGGS LAID BY BIRDS FED DIFFERENT DIETS 


No of Av wt % of total weight No of % solids 
eggs of eggs shell yolk albumen eggs mn 
analysed (g) analysed albumen 
Group A 
diet 1 121 56 6 911 2804 62 83 
2 70 57 9 888 2791 63 12 49 123 
Group B 
diet 1 69 57 4 912 28 26 62 62 45 122 
2 139 58 2 887 27 66 63 48 
Group ( 
diet 3 146 65 5 902 2896 62 03 85 119 


and B produced alternation in the relative size of eggs 
laid by the birds m the two groups 

The percentage composition of the eggs analysed 1s 
shown in Table 2 The percentage of albumen was gieatest 
in the eggs laid by birds fed diet (2), followed mn order by 
eggs laid by birds fed diets (1) and (3) The percentage of 
solids in the albumen was significantly (P <0 01) lower in 
the eggs laid by the birds fed diet (3) 

This work was supported by the British Columbia 
Department of Agriculture and the British Columbia Feed 
Manufacturers’ Association We thank Merck, Sharp and 
Dohme of Canada, Ltd , for the lysine used 


B E Maron 
J. Brevy 
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University of British Columbia, 
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Infra-red Spectra of Embryonic Chick Feathers 


THE demonstration by Bell and Thatachari of sequen- 
tial changes in the X-ray diffraction pattern of embryonic 
chick feathers from ‘immature’ to ‘mature’ B-keratin 
has suggested that the nature of this metamorphosis 
might be further revealed by imfra-red spectra of the 
developing feather. The infra-red spectrum of embryonic 
feather has not been deseribed, to our knowledge 

Whole or homogenized washed feathers from the mid- 
dorsal region of white Leghorn chick embryos from the 
twelfth to nineteenth days of incubation were examined in 
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Fig 1 Infra-red spectrum of 12-day feather 
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Fig 2 Loss of carbonyl-ester band during embryogenesis 
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a Perkin-Elmer double-beam infra-red spectrophotometer, 
model 421. Samples were usually prepared as potassium 
bromide pellets, but whole feathers pressed between 
sodium chloride plates and suspended m ‘Fluorolube’ 
were also examined to eliminate the possibility of artefacts 
caused by grinding and pressing Dermus, as subcutaneous 
tissue, and ether-extracted feathers from 13-day embryos 
were simularly studied 

A representative spectrum of 12-day feather from 4,000 
cm-t to 700 cm- and spectra in the 1,800-1,200 cm-t 
range for all specrmens examined are shown m Figs 1 
and 2, respectively In general, the patterns are simular 
both to each other and to those reported for adult swan 
and eagle quill? and are characteristic of class B pro- 
tems? The significant change seen during embryogenesis 
1s that the pronounced shoulder at 1,730 cm- on the high- 
frequency side of the amide I band observed in 12- and 
13-day specimens 1s decreased at 14 days and gone 
thereafter This shoulder, which hes in the region of 
ester-carbonyl absorption, is qute prominent in dermis, 
much diminished ın ether-extracted 13-day feathers and 
not present in native collagen‘ 

These results suggest that the structural changes de- 
tected by X-ray diffraction durmg embryogenesis of the 
feather are of a sort not readily detected by infra-red 
spectroscopy and that the changes are explicable by 
differences ın molecular orientation rather than by 
appearance of new chemical groupings Disappearance 
of the band at 1,730 cm~! ıs probably a manifestation of 
retraction of the mesodermally derived feather core but 
could also be consequent m part on loss of hpid from 
other cells during development 

This work was supported by a grant from the US 
National Science Foundation to Prof E Bell (@B-614), 
a grant from the US National Institutes of Health to 
Prof R C Lord (@M-10843-05) and by a special post- 
doctoral fellowship of the National Institutes of Health 
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Reversed Diurnal Vertical Migration of 
Planktonic Crustacea in Inland Waters of 
Low Hydrogen Ion Concentration 


EXPERIMENTAL investigations!? have shown that pH 
has an influence on the vertical migration of planktonic 
crustaceans In particular ıt has been demonstrated that 
tactic responses at a pH of 90 may be m the reverse 
direction to those at a pH of 70 However, little attention 
has been directed to the fact that such reversed responses 
may occur under natural conditions of high pH 

A reversed diurnal vertical migration was recently 
reported? for 2 species of planktonic crustacea m a New 
Zealand lake with a hgh pH No causal relationship 
between the high pH and the unusual pattern of migration 
was suggested m this report However, it was afterwards 
discovered, that of the very few previous reports of such 
migratory behaviour m miand waters*-§, one’ was con- 
cerned with an African lake which showed a striking 
similarity to the New Zealand one with respect to pH 
and the relative proportions of the major morganic ions 
(Table 1) The mam chemical difference ıs that Lake 
Rudolf is 5-6 times more concentrated and has a greater 
proportion of sulphate than Lake Aroarotamahime. 
A further simuarity 1s that both lakes are relatively 
opaque with a Lmit of visibility between 2 and 3 m 
Worthmgton and Ricardo® stated “The most strmkmg 
fact 1s that the migration (of Diaptomus banforanus) 
appears to be the reverse of the normal ..”, and mentioned 
the possibilty that high pH might account for the aberrant 
behaviour The significance of their observation appears 
to have been somewhat overlooked 


Table 1 CHEMICAL COMPARISON OF REVERSED MIGRATION LAKES 


Lake Rudolf Lake Aroarotamahine 
Rift Valley Mayor Island 
Central Africa’ New Zealand (Feb 1963) 
pH 5 90 
Alkalinity p oag m 0 0035 y 
a mg 125 mg/l, 

Kt 23 40 

Catt 50 09 

Mgt+ 40 12 

cl-~_ 429 76 

co, ~ 181* 10 

HCO,” 958* 193 

Total CO, 830 147 


Reversed migrants Diaptomus banforanus* oceans 
dd 

Daphne earmnaia® 

* Calculated from pH. and stated value ° for CO; 


The chemical results shown m Table 1 for Lake Aroaro- 
tamahine were obtamed from the analysis of a surface 
sample. The values stated for pH, CO,= and HCO,- 
were obtained from field measurements made immediately 
after taking the sample. The pH of this lake 1s, of course, 
subject to considerable seasonal and vertical variation 
Durmg summer when thermal stratification 1s well 
developed the zooplankton 1s limited to the epilimnion 
where the pH 1s not less than 90 Durimg winter the lake 
is in a state of complete circulation and the pH 1s approxim- 
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ately 8-2 throughout. Daphnia carinata showed a reversed 
nigration under both these conditions, but in the case 

oeċkella propinqua males there was no evidence of 
d migration during the period of complete circula- 
















associated with alkaline rhyolites in the form of either 
comendites or pantellerites™® which are rich in sodium 
=. and potassium but very poor in calcium and magnesium. 
_ As a result of the chemical weathering of these rocks 
=i -yelatively large amounts of extremely soluble sodium 
- earbonate have found their way into these lakes, so that 
they have come to contain a sodium carbonatochloride 
water in which alkaline earth and sulphate ions are 
-present in only very small proportions. 









content of the lakes mentioned here is not a limiting 
factor with respect to zooplankton productivity. On the 
contrary, there is evidence that both lakes are highly 
productive. In a series of 4 lakes, Worthington and 
~~ Ricardo found the zooplankton numerically richest in 
= Lake Rudolf. Likewise Bayly* found far greater zoo- 

plankton densities in Lake Aroarotamahino than in 9 

other lakes examined. 


I. A. E, BAYLY 
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University of Queensland, 
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Posterior Division of the Eighth Cranial 
Nerve in Lacerta vivipara 


< [yrrte information is available in the literature on the 
 Gnnervation of sensory areas in the inferior, or saccular, 
- portion of the inner ear of the lizard. In order adequately 
-oto show nervous structure, histological techniques have 
‘< peen used in the past that preclude dealing with the intact 
animal ; usually the brain must be removed, thereby dis- 
 yupting anatomical relationships. A notable exception is 
‘the work of Beccari! on embryonic material of Lacerta ; 
his primary interest, however, was in finding homologies 
in the central nervous system between reptiles and mam- 
mals, and he gives little consideration to the central term- 
ations. of fibres from specific sensory areas. Weston? 
as speculated on central terminations of sensory fibres 
shenodon and has discussed structure of vestibular 
areas in brains of a number of reptiles. 
al sections through the inner ears of two de Castro- 
ed specimens of Lacerta vivipara were available for 


examination, and de Castro-stained specimens of Annielia 


pulchra and Anguis fragilis were available for comparison, 

‘along with Bodian-stained serial sections of the inner ears 

-in Gongylus ocellatus, Calotes versicolor and Sceloporus 
undulatus. 

Nerve fibres from the macula of the utricle and cristæ 
of the anterior and lateral ampulle project to the central 
nervous system through the anterior acoustic foramen and 

~ terminate rostral to the central projections of the remain- 
ing sensory areas (Fig. 4). 

Of interest here is the qualitative difference in the 
osterior division of the VITIth cranial nerve between 
bres which project to the dorsal, acoustic area of the 
in stem, and those that project ventrally to the vesti- 
ar areas of the brain stem. 
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~~ Tt is interesting to note that the very low calcium — 
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A,’ _ Cross-sections through the inner ear in Lecerta vivipara, 
anterior to posterior, to show the course of the cochlear bundle and relation- 
ships between the sensory areas of the membranous labyrinth and the 


Figs. 1, 2 and 3. 


central nervous system. (For key to abbreviations see legend to Fig. 4) 

Fibres which originate in the anterior, lagenar, portion 
of the cochlear duct (Fig. 2) and from the basilar papilla 
course posteriorly in the otic capsule to emerge from the 
capsule (via the posterior acoustic foramen) and, as a 
distinct, dark-staining bundle, cross caudal to fibres that 
arise from the macula of the saccule (Fig. 3). The bundle 
courses dorsally and rostrally within the central nervous 
system to terminate on small cells in the acoustic area 
of the brain stem (Fig. 1). For convenience, this group 
of fibres is termed the cochlear bundle. 

The fibres projecting from the macula of the saccule, 
joined by those from the papilla neglecta of the utricle 
and crista of the posterior ampulla, terminate ventral to 
the termination of the cochlear bundle, The cells in the 
vestibular area with which these fibres synapse are larger 










Posterior 
Division 
VIH 


Fig, A. Sehematie representation of the course and relationships of the 
fibres of the posterior division of the VIIb cranial nerve in Lacerta vivipara. 

Lhe anterior division of VIII, with ramifications from the utricle, and 
hn anterior and lateral ampulla, is shown in white. 


AL, anterior, lagenar, part of the cochlear duct; RP, basilar papilla; CR, 

cochlear bundle; CAS, central nervous system: FN, facial nerve: ML, 

-MMacula of the lagena; MS, macula of the saccule; PC, posterior crista: 

OPN, papilla neglecta; S, sacenle; VE, vestibular part of the posterior 
SEG division of VITI 


than those associated with the cochlear bundle (Figs. 1 
= and 2). 

= These relationships are shown schematically in Fig. 4. 
< In Lacerta, then, the central terminations of fibres from 
the macula of the lagena are the same as those from the 
basilar papilla, and different from those of the macula of 
the saceule. A reasonable conclusion from the structural 
-evidence in Lacerta is that the macula of the lagena has 
> gome auditory function, while the macula of the saccule 

Is eoncerned mainly with equilibration. 
This is not the case in forms in which sensory areas in 
the cochlear duct are reduced relative to the macula of the 
saccule, such as in Anniella and Anguis. In the latter 
imens, there is no secondary tympanic membrane, and 
: probable that these lizards do not hear as well as 
iving forms, such as Lacerta, in which a well-defined 
ndary tympanic membrane is present. Other evidence 
th will be published elsewhere) indicates that the 
er ear in Lacerta is more highly evolved than that in 
r Anniella or Anguis, and it is possible that auditory. 
on of the macula of the lagena is a phylogenetically 
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ffe piperazine pre- 
tion of acetylcholine on Ascaris 
















The electrical activity of the somatic muscle cells 
Ascaris lumbricoides, var. suum, has. recently been exam- 
ined in this laboratory’ and we have now taken advantage 
of the techniques and preparations used in this work to 
investigate the action of piperazine on the neuromuscular 
system of the worm. ‘i 

This system is represented in Fig. 1. Each somatic 
muscle cell is connected to one of the two nerve cords 
by a slender process, or muscle ‘arm’, which tapers down 
and divides into a number of branches or ‘fingers’. The 
fingers from adjacent arms interlace, forming a closely 
woven network which, shaped as a thin ribbon,runs parallel 
to the nerve cord. Although little is known about the fine 
structure of this network, experimental evidence® has 
shown that it behaves as a functional syncytium, the 
individual muscle cells being electrically interconnected at 
this level. oe 





Fig. 1. Highly diagrammatic representation of ‘the neuromuseular 
system of Ascaris lumbricoides. Only one complete musele cell has 
been drawn, and the arms- of three others; see text, It should “be 
pointed out that the ‘arn’ of the muscle cell forms a right angle with 
the ‘spindle’, the latter being parallel to both the nerve cord and the 
longitudinal axis of the worm 
1, Spindle; 2, nucleus; 3, nuclear bag or ‘beliy’; 4, arm; 5, fingers; 
6, syncytium; 7, nerve cord - 


The complex formed by the nerve cord and associated 
syncytium has many of the properties of vertebrate smooth 
muscle, including that of autorhythmicity or automatic. 
production of spike potentials. Microelectrode. recording = 
from the muscle: cell ‘bellies’ shows a resting potential — 
{average value about 30 mV) interrupted by rhythmic 
spike potentials, see Fig. 24, which originated at the 
syncytium and are conducted along the arms and bellies ` 
to the spindles—the only part of the muscle cell which 
contains contractile material. TE 

When piperazine citrate, as a solution adjusted to pH 7 
is added to the saline bathing the Ascaris prepar 
(30 per cent sea-water) the amplitude of the spontane 




















November 16, 1963 





We: pA 


= microelectrode was inserted into the cell ‘belly’. 


‘washed out of the chamber, Th 
imately, 20 mV in A and H, and 4i mV in Dand E 


ae  Gontiol experiments, in which equivalent amounts of 
i — wdum citrate wore added to the bathing solution, showed 
= that the effects described here are not due to the citrate 
_ amion, nor to a lowered concentration of calcium ions. 
As ean be seen in Fig. 2, all the effects of piperazine 
are easily reversed by washing the preparation with fresh 
oe saline. 
The action of piperazine on Ascaris muscle appears to 
be similar to that exerted by inhibitory transmitters and 
-pharmacological analogues on the transmembrane potential 
of smooth and cardiac muscle cells. This resemblance is 
particularly interesting since it has been shown that the 





m mulation of inhibitory. nerve fibres 
ides. ‘Two pulses were applied to 
y the. arte $ Theyr Š ted in 
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intracellular recordings illustrating the action of piperazine on the resting 
potential and spontaneous spikes of a somatic muscle cell of Ascaris lumbricoides, The 
Between records 4 and B piperazine 
titrate was added to the bathing solution to a final concentration of 10~ (w/v), 
D was taken about 5.min after record B. Between records D and K the piperazine was 
è records are arranged in each row, so that the relative 
position of the traces shows actual changes in membrane potenti al which Waa, approx 





Əl orom p preripi itator andi an activated carbo i 


nerve cord of. Akae dovs:: oehtain: e3 


win and Vaughan Williams‘ have recently. 


in an inhibition of both the spontaneous: 
contractions of the body and those elicited 
by local stimulation of motor nerves: ee 

Our experiments have shown that 
inhibitory fibres can also be stimulated in 
fragments of Ascaris which do not inclade 
the nerve ring by electric shocks applied 
to the ventral nerve cord... Marked. 
hyporpolarizations of the muselo col 
membrane, accompanied by a block of 
spike activity, can be observed following 
single stimuli while recording from tho 
belly (Fig. 3). Repetitive stimulation of 
the inhibitory fibres increases the. resting 
potential of the bellies to a steady lovel 
from 40 to 45 mV. 

Piperazine does not interfere with the 
function of the inhibitory fibres. On- 
the contrary, small concentrations of 
this compound increase the effectiveness 
of inhibitory stimulation, and small in- 
hibitory potentials can still be recorded: - 
from hyperpolarized cells in paralysed 
preparations. : 

This work was supported by grant 
NB-02021-04 from the National Insti- 
tute of Neurological Diseases. and Blind- 
ness, U.S. Public Health Servico: : 
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Gaseous-ion-induced Stimulation of | 
Cytochrome c Biosynthesis 


Iw earlier papers we described the growth acceleration 
observed when seedlings of Avena sativa, Hordeum mad- 
garie and Lactuca sativa were exposed to air. ionat. 
(+) or {—) Tons generated i in pure air produced statisti- 
cally significant increases in stem-length, integral elonga- 
tion and wet and dry weight. The degree of growth- 
stimulation roughly paralleled ionic density and was 
accompanied by a proportional increase in flow of current 
to ground. Analysis of ion-treated plants showed no 
deviation from normal composition. This communication 
presents evidence that gaseous ions stimulate the bio- 
synthesis of cytochrome c. 

Germinated seeds of Hordeum vulgaris (Dayton Winter. 
and California Mariout) with roots 1-2 om long but without 
coleoptiles were grown in an iron-free chemically defined 








nutrient solution. The details of the plant culture Syaa x 


and radicisotopie generators used are described -e ho = 
whe, The apenn points are: units of 36 Se ci ate : 


shadibers idar greonhouse Sona ae. > 
was supplied with air purified by passage: | 






th the we season. “The volume of sc 


system of musele inhibitory fibres, Good- 


reported that high-frequency clectrical `- 
stimulation of the nerve ring situated in 
the pharyngeal region of the worm results — 
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: No. of days exposed Appearance of Cytochrome ¢fraction| ug Protein/ml. of P eh LOE a 
to air ions leaves absorbance at 550 my | cytochrome e fraction cytochrome -M ABRIR vs | 
x03 | x 10% ie ae 
Green 50-2 + 0-9* 82-1402" 9640-7" | oo  BOEETE | 
7 days in ali 3 No chlorosis 47-241:3 80-2401 8040-8 eo ee 
experiments | 81-4 +0-8 214418 O SAELS | 0B ERE 
| 12, 14 and 20 days, | Severe chlorosis 123-7 +155 742404 | 194415. | © Woi | 
iron added after 102:3 + 1-4 Tretia ; 20-14 1-8 -ARTIR o 
seedlings harvested T425 | 542206 i Mot 25 ee AEST i 
19, 21 and 27 days | Green | 189-84 3-2 123-44 6-6 10-4 +6:8 | 9684060 | 
Recovered from 188-7 + 2-4 120-8 + 6-4 36-2 + 2:7 954+ 7-1 i 
chlorosis 90-5 + 6-6 | 63-7 + 6-4 166 +82 | O42 + 25 
PEELE E ee cb cased igs Ga also ale Page rita cs 
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* Standard error ¢= War N=x3 
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kept constant by addition of distilled water. Ion levels 
- Were regularly monitored and were maintained at > 3-1-- 
38 x 108 (+) or (—) ions/em?/see at the tops of the 
 Beedlings. Planters were rotated in position to avoid 
effects due to variations in incident light. At intervals 
after starting exposure of the seedlings to ions, samples 
were removed for analytical studies. Their content of 
cytochrome ¢ and chlorophyll was determined and the 
cytochrome c fractions were analysed for protein and for 

iron content5-®, 
Seedlings cultivated under these conditions in a normal 
atmosphere developed iron chlorosis. In the presence of 
(+) or (—) ionized air chlorosis developed earlier and the 
production of cytochrome c was accelerated (Table 1). 
Thus at 7 days, although the leaves were normal in appear- 
ance, the ion-treated plants had only 80 per cent as much 
chlorophyll as the untreated plants, bat 160 per cent as 
much cytochrome e. From the twelfth to the twentieth 
day all the leaves showed pronounced chlorotic changes; 
the [chlorophyll] in the ion-treated plants was 50 per cent 
and the [cytochrome c] 120 per cent of the corresponding 
values obtained in untreated plants. At this time iron 
was added to the nutrient solution and the plants re- 
covered rapidly from chlorosis. By the nineteenth-- 
twenty-seventh day the leaves in all three groups appeared 
normal and there was good agreement in [chlorophyll] 
‘values. Nevertheless the plants exposed to (+) or (—) 
ions contained nearly 210 per cent as much cytochrome 
¢/g as the plants grown in a normal atmosphere. Substan- 
-~ tially the same results were obtained in two additional 
<c @xperiments performed during the autumn and winter 
“months. While the development of severe chlorosis was 

“slower recovery after adding iron was just as fast. 

_ A separate experiment was performed growing the 
odlings in a sand substrate with an iron-containing 
emically defined medium (Table 2). Here no chlorosis 
oped in any of the plants, and the only gross effect was 
haracteristic ion-induced acceleration of growth. 




















EFFECT OF UNIPOLAR IONIZED ATMOSEHERE ON CYTOCHROME ¢ 
ROPHYLL CONTENT OF Hordeum vulgaris SEEDLINGS GROWN IN 
TURE WITH CHEMICALLY Deringer NUTRIENT SOLUTION CONTAINING 


l; IRON. A TOTAL OF 20 PLANTS WAS USED IN EACH EXPERIMENTAL 
—.. GROUP, EXPOSURE PERIOD 20 Days 
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Cytochrome] ug Protein/ | Fe in p.p.m.| Total chlo- 
¢fraction | ml. of eyto-| x10- in rophyll 
absorbance | chrome e |eytochrome| mg/g fresh 
at 550 mu fraction é fraction weight 
x 10- 
1720-7 GO+LT2 | 1224018 
| IBS +1-2 S8+2-0 | 1254012 
B7t14 | 21425 | 111402 
N=3 | 
RIC ee ee eT OT Í 








a a eee Sat 
Standard error e=77 -S standard deviation VŽ 











Cytochrome c of the ion-treated 
the controls. i ; 
The cytochrome c fractions prepared from the plante 
contained small amounts of other extractable substances. 
Accordingly, the percentage change in [cytochrome c] for a 
given sample displays only approximate agreement among 
the three criteria used; namely, absorbance at 550 mu, 
[cytochrome c protein] and [eytochrome c iron]. 

The simplest explanation of the experimental results 
described here appears to be that when a seedling grows 
in an iron-free environment air ions cause most of the 
limited store of iron present in the seed to be diverted to 
the synthesis of cytochrome c. Accordingly not enough 
iron is available to support the normal biosynthesis of 
chlorophyll and chlorosis develops rapidly. If iron is 
present in normal amounts in the substrate, exposure to 
ionized air results in typical ion-induced increase in growth 
rate associated with an increased production of cyto- 
chrome c but without hampering chlorophyll production. 
The supply of iron evidently is sufficient to provide for 
both biosynthetic processes and chlorosis is avoided. The 
inereased [cytochrome c] may represent an important 
metabolic factor in making possible the accelerated 
growth rate regularly observed in ionized air. 

This work was supported by a contract between the 
Office of Naval Research, Washington, D.C., and the 
Regents of the University of California; a grant from the 
Division of Air Pollution, Bureau of State Services, U.S. 
Publie Health Service, and a grant from the Committee on 
Research of the University of California. Reproduction 
in whole or part is permitted for any purpose of the 
United States Government. | 
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" vine andil sto by Lysis 
a with Phage An 
N the past fow years nitrogen fixation has been 
d-in cell-free extracts of micro-organisms including 
Um: pasteurianum, Azotobacter vinelandii, Bacillus 
za, and in a variety of blue-green algae'-*. We 
pi that cell-free lysates of A. vinelandii, pro- 
by adding A,, phage’ to cultures of the bacteria 
arly ea ponpnpal growth, incorporate nitrogen 



























ela näi OP was grown in 4-l aerated cultures in 
“nitrogen-free medium at 30° for 12 h. At this 
when cell counts were about 2 x 107 cells/ml., 
phage was added (phage to cell input 3:1) and ineuba- 
on continued for another 6 h. Phage counts of the 
incubated cultures, made on agar plates layered with 
Azotobacter cells in a nitrogen-free medium, showed 
more than a°100-fold increase in phage plaque-forming 
units per ml. The lysed material was collected at 44,000g 
in & continuous-flow Servall centrifuge at 4°, and the 
: _ residue was washed three times with 0-05 M phosphate 
= (pH 7-5). The residue suspended in the dilute phosphate 
buffer was recentrifuged at the various g values shown in 
able 1. Less than 10* cells/ml. were found by plate 
< Counts of the suspended residue. Before exposing to the 
=- nitrogen-15 gas mixture the pellets collected at various 
yg values were suspended in 0-05 ml. phosphate buffer 
pH TO. -Tho effects of adding medium from 6-h cultures, 
from which the bacteria had been removed by centrifuging 
=- — at- 40,000g for 1 h (absence of whole cells checked by 
plating experiments) to supernatant fractions and to the 
suspended pellets were investigated. In some experiments 
_ the cell-free medium was boiled for 15 min, cooled and then 
_ added to the test fractions. Samples containing between 
0-2 and 1-5 mg protein were exposed for 2h in Warburg 
flasks to a gas mixture containing (atmospheres) 0-2 
nitrogen, 0-2 oxygen and 0:8 helium. The nitrogen gas 
= contained 33-4 atomic per cent nitrogen-15 excess. The 
extracts were then digested in sulphurie acid containing 
oe copper-selenate catalyst. Total nitrogen was determ- 
ined by the micro-Kjeldahl procedure and nitrogen-15 
_ by the method of Simms and Cocking’ using a mass spectro- 
A meter. Š 
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Nrrrogen FixaTion in Extracts or Azetobacter vinelandii 


fable h 
ATOMIC PER CENT NITROGEN- 


REP EP: ARED BY Lysine CELLS WITH PHAGE Ags. 


15 EXCESS 
Exp. 
eee Sample I H 
i Whole cells (12 h growth) 0-56 O68 
Cell: lysates? centrifuged succes- 
ively at the following y values: . 
00g Tor 30 min (pellet). 0-007 0-025 
of... 0-009 6-030 
000g. for 30 min (pellet) 0-018 0-026 
i oe P 30 ( 0490 254 
000g: or min super- 
t sy 0-028 6-082 
M 380 0-540 
0-029 6-034 
0-240 0-340 
Huid og 0018 0-023 
10. 9) plus M 1+ 0-104 0-132 


Whole. cells (12 h growth) treated with Ag, phage and incubated for 
ther 6 6 h to effect lysis. Lysate collected at 44.0007 suspended in 
AE phosphate (pH 7-5) and centrifuged successively at the various g 


medium: from 8 h cultures of Azotobacter centrifuged at 40,0009 
to: remove whole cells, An eae volume of the medium added to the 









cho af patted l ‘abow that there is little fixation 







ftactions ‘collested: at 14,000g 
e enrichment of tho. isotope. 
ire medium to the various 
sation as reported earlier®5. 


T 








The main activity was found in the particulate frectio ial. 
collected between 14,000g and 44, 10009 althoug r 

was an appreciable enrichment even in the re 
supernatant fraction. When the ahead was cont 


The stimulatory effect of the medians on nitrogen a Lion 
was not destroyed by boiling. eng 
It is of interest that electron paramagnetic resonan peo. 
spectra of the active particulate fractions showed pr —_ 
nounced, signals at gauss 1-94, presumably. mm 
iron, and at gauss 1-97, probably Mo‘, as well 
a flavin semiquinone. These results are similar 
reported for active nitrogen-fixing fractions P 
from Azotobacter by other məthodss, 
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U.S. National Institutes of Health and grant OBR © 
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Significance of Deoxyribonuclease Production 
by Staphylococci 


MrerHops of differentiating pathogenic species of 
Staphylococci (Staphylococcus aureus) from commonsal 
strains (Staph. albus) are of prime importance to the - 
medical bacteriologist. The method generally used to effect 
this separation is one of the many modifications of the. 
coagulase test, and it is usually considered that now tests — 
adopted for this purpose should correlate highly with the 
coagulase index. Among the alternatives that have been 
proposed to the coagulase test are colonial pi igmentation, = 
phenolphthalein phosphatase activity and the Poon. ; 
of a fibrinolysin. ee 

None of these has found favour. Chromogenes 
been considered unreliable, partly because of the sub- — 
jective difficulties involved, but the introduction ; of i 
glycerol monoacetate agar by Willis and Turner? has’ done — 
much to eliminate this problem. Further, this new medium. 
permits a subdivision of epidemiological importance _ 
within the pathogenic group. Barber and Kuper? suggested 
that phosphatase activity paralleled coagulase production, 
but there is somo disagreement about the value of this | 
test because of the large number of coagulase-negative 
strains that produce a phosphatase. It was noted by 
Christie and Wilson? that the fibrinolytic activity of human _ 
strains of Staphylococci generally correlated with the 
coagulase test and with pathogenicity, but in our experis 
ence there are many important exceptions to this oS a 
ization. € 

More recently, Weckman and Catlin’, using a viseo- a. 
metric technique, showed that high deoxyribonuelease a 
production was a characteristic of coagulase-positive — 

















Jeno in apport of this here 1 we HAVE nedige the relation 
betirecn staphylocoagulase production and a number of 
other. physiological activities. Colonial pigmentation was 

determined on glycerol monoacetate agar!, and phospha- 
‘tase activity on a slight modification of the medium 
ased by Barber and Kuper*. A modified heated horse blood 
agar and a new fibrin agar medium were devised to detect 
yroteolysis and fibrinolysis. Deoxyribonuclease activity 
sudied on an agar medium containing a final con- 
ntration of 0-2 per cent of the sodium salt of thymus 
gland deoxyribonucleic acid (B.D.H.). This was not 
< gutoclaved. before its incorporation into the sterile basal 

-. medium. Full details of the preparation and use of these 
media will be described elsewhere. 

-- Table 1 summarizes the results of tests on 227 coagulase- 
negative Staphylococci and 1,467 coagulase-positive strains. 
= Results of tests for the phosphatase activity of 333 of 
Sy these strains are shown in Table 2. 








Table 1, Reactions OF 1,694 STRAINS OF Staphylococci OF HUMAN ORIGIN 
ON VARIOUS MEDIA 








Pigment on 




















Deoxyribo- Fibrino- Proteolysis 
nuclease lytic monoacetate | on heated 
: Staphylococet activity activity agar blood agar 
+ | = + j + 
positive 1,467 0: 971 “490 1,467 
negative 5 | 222 1 ; 226 1 
hand (weak) 
Total 1,694 1,694 1,694 3 
Table 2. PHOSPHATASE ACTIVITY OF 333 STRAINS OF Staphylococci OF 


UMAN ORIGIN 


sa seammuasanemeamiad treet rant att hei 


Phosphatase activity on 
phenolphthalein phosphate agar 


eA Staphylococci — Jeemen 
eee Phosphatase positive _ Phosphatase negative 
 Coaguilase- 
, . Čoagulase- 106 Q 
EN emie 190 | 37 
oo Total | 
a i 





ae pact from phosphatase production, coagulase-nega- 
ee tive Staphylococci showed little activity against any of the 
substrates tested. Thus, only 5 of the 227 strains pro- 
- duced detectable amounts of deoxyribonuclease and even 
these caused only a weak reaction. Similarly, only one 
“strain showed any fibrinolytic activity and only 8 were 
i even weakly proteolytic. All but one strain failed to 
roduce pigment, the colonies being porcelain white on 
rol monoacetate agar. 
ontrast, the coagulase-positive organisms were, in 
‘al, highly active against the substrates utilized. All 
‘tested split phenolphthalein phosphate, all pro- 
1 deoxyribonuclease and all formed pigmented 
ies on glycerol monoacetate agar, Fibrinolysis was 
ed. by 66-3 per cent while 55-2 per cent were 
ytie on the modified heated blood agar medium. 
he coagulase-positive group, however, there is a 
d and commonly encountered sub-group of 
which are non-fibrinolytic, non-proteolytic 
Zo-typable,. and in these respects resemble 
phytic species. These organisms form a yellow, 
her than an orange, pier nent on glycerol monoacetate 
agar, and despite. their -similaritie: 


























| ities to Staph. albus are  Shann 
_ often of more serious epidemiological concern than are- ; 







phenolphthalein z 
and proteolys sis are. “of little 
separating the pathogenic from 


the saprop! ytie spec ies. Deoxyribonuclease is. produced 


by all coagulase-positive Staphylococci but by only a few 
strains of the coagulase-negative group. Thus tho test 
for deoxyribonuclease production, which is simple to 
perform, has a useful place in the diagnostic laboratory for 
the recognition of potential pathogens. The parallel 
observed between the apparently dissimilar coagulase 
and deoxyribonuclease activities warrants further investi- 
ation. 
ji Although no definite statement can be made about the 
role of deoxyribonuclease production in staphylococcal 
pathogenicity, it is of interest that all strains regarded 
as potentially pathogenic produce this enzyme in additon 
to staphylocoagulase. The ability of a staphylococcus to 
destroy deoxyribonucleic acid would seem to be more 
closely linked to a mechanism of pathogenesis than its 
capacity to coagulate blood plasma, having regard to the 
wide distribution of deoxyribonucleic acid in. the host 
body, and its fundamental importance in the living coll. 
It is well known that some strains of Staph. albus canse 
infections in man despite their inability to form coagulase. 
It may well be that these are representatives of a group 
that forms detectable deoxyribonuclease. 
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Vibrio cholerae and Colicines 


CoLicinEs originally demonstrated in Æ. coli have 
since been found in many other Gram-negative bacilli 
present in the intestine, Ps. pyocyanea and some Gram- 
positive bacilli’-*. Such antibacterial substances are now 
called bacteriocines’. It has also been confirmed that 
bacteria of different genera may produce a similar colicine® 
and that the range of antibacterial activity of colicines | 
exhibits interesting specificities? 
bacteriophages, colicines and. other factors producing 
disintegration of vibrios with subsequent liberation of 
toxin has been postulated to explain the pathogenesis 
of cholera? which prompted this investigation into the 
colicinogenicity and colicine-susceptibility of 60 strains of 
V. cholerae (45 Inaba and 15 Ogawa) and 15 strains of 
El Tor vibrios. Sixteen standard colicinogenic strains. 
producing different. types of colicines and 4. -colicine-. 
sensitive indicator strains were kindly prosonted by | 
Prof. P. Fredericq of the University of Liège. = 

Twenty-nine strains of V. cholerae and 4 Bers i 
EL Tor vibrios were tested for production of coli 
other members of the species by the techniq 
This technique was at first standa 
colicinogenic indicator strains in sheep 
For the remaining 31 strains of V. cho. 
of El Tor vibrios, the stab-techniqu 


used, as he found the sata ae of 
nw ble only for th 




























other varieties of Staph. aureus: m- (See ‘a noobs. et al?, Willis genie st 


et al. uF 











The possible role of 
















; M “8 state of Poea SG 
HR, V; S is: were also tested for their anti- 
vee on ‘these vibrios by the same technique of 













201 i Ail the vibrios were also fund not to be sus- 
le to the known colicines produced by the common 
| organisms using the experimental methods 
atly suitable for demonstration of colicinogenicity 
colicino-susceptibility of E. colt and other Gram- 
tive bacilli. 
Bhaskaran’, working on recombination of V. cholerae, 
ound strains with fertility factor (P+ strains) producing 
plaque-like clearings when tested on strains without 
_. fertility factor (P- strains) under his experimental con- 
=- ditions which was not due to phage. The possibility of 
= — the clearing being due to bacteriocine was suggested by 
-~ Prof. Lederberg. Farkas-Himsley and Seyfried round 
ee lysogenic streptomycin-sensitive strains of V. cholerae 
under conditions of reduced redox potential undergoing 
lysis and liberating a substance lethal to their strepto- 
©- — - mycin-resistant mutants when tested aerobically. This 
inhibiting substance has been called vibriocin by them, 
Sia as they excluded the possibility of its being a phage. 
In spite of these observations, there seems to be little 
eS justification for postulating the possible role of colicines 
. in the pathogenesis of cholera in the light of the findings 
reported here. Moreover, the hypothesis of the relation 
between production of colicines and pathogenicity does 
not find much support from the extensive investigations of 
_ Halbert?! on the relation of antagonistic coliform organ- 
dee Shigella infections. 
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CYTO LOGY 


vation of the Ultrastructure of Plant 

jutaric Acid Dialdehyde as a 
 Fixative 

cry), Sabatini et alt reported the use of glutaric 
Idehyde. (glutaraldehyde) and other aldehydes as 
es for electron microscopy. Excellent preservation 
a abane structure of pancreas and muscle 
cella jag. obtained when the tissues were fixed in 6-5 per 
cent lutaraldehyde. It was stressed that the value of 
his fixative lies in its application to ultrastructural cyto- 
stry F it permits stabilization of the structural 





f pirri asa fixative. Ad RTA 
ma dehyde and proteing. and nucleic acids 
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he ation of - 4s similar to that obtained with a normal 9 


fixation. Such a post-fixation was. us 
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reactions between the other aldehydes ‘gaa. the: structural, kind 
components of the cell are probably similar Lee 
observed with formaldehyde. Preservation of ultrastri 
ture may well depend on the reactivity of specific groups 
in proteins and nucleic acids with the aldehyde: and mS 








ages. Since glutaraldehyde i is 8 dialdehyde it cor 
two types of cross-linking bridges, involving © ei 
or both of the aldehyde groups. Similarity be 







is suggested by the inability of glutaraldehy 
lipids. Accordingly, the absence of all cellular 
is the most striking feature of the specimen 
glutaraldehyde. a 

Root-tips from etiolated se of Zea: ‘mays “were > 
excised and fixed at 4°C for various lengths of tie © 
(0-5-12 h) in an aqueous solution of 4 per cent glutaralde- 
hyde buffered at pH 7-8 in 0-028 M sodium veronal and — 
sodium acetate. In some of the experiments a posts 
fixation in similarly buffered 1 per cent osmium tetroxide 
was carried out for 30 min at 4°C. The tissues were- 
embedded in “Vestopal W’ and thin sections were stained 
for 1 h with half-saturated uranyl acetate. 

A low-magnification electron micrograph of a section 
through the apical meristem of a maize root. fixed in. 
glutaraldehyde is shown in Fig. la. Three structural 
components can be recognized in the prominent nucleus: 
the nucleolus, the chromatin and the interchromatic sub- 
stance. All three are granular in structure, and at higher 
magnification fine filaments can be observed to connect 
the granules. The nuclear envelope is absent, but its 
former location is marked by the chromatin with which .. 
it was closely associated. Small vacuoles are present, but. 
the tonoplast is absent. Electron-dense bodies which are _ 
0-3--0-4u in diameter are identified as proplastids (Fig. la). 
They have undergone shrinkage during the process of | . 
fixation, dehydration and embedding. The surrounding — 
void which they formerly oceupied does not contain 
ribosomes. Thin fibrils extend perpendicularly through — 
this region connecting the proplastids and the surround- 
ing cytoplasmic structures. Although the proplastids 
contract and appear denser, ribosome-like particles can. 
be recognized within them. Sometimes these particles 
occur in rows suggesting their former association with 
membranous structures. 

A mitochondrion and a portion of the surrounding 
cytoplasm are shown in Fig. 1b. The mitochondria in 
the cells of the apical meristem can be identified by the 
electron-transparent areas in their centre. The existence: 
of similar electron-transparent areas has been reported 
previously in plant mitochondria fixed by other methods***, 

The cristæ are poorly preserved ; their presence is indicated 
by amorphous material, which has been tentatively identi- 
fied as the proteinaceous components of the membranes. 

In addition to the structures which are interpreted to: be 
eriste, the mitochondria also contain filaments and ae 
ribosome-like particles. It should be noted that, unlike 
the proplastids, no shrinkage of the mitochondr 
occurred. This may well be related to a differe 
the matrices of both organelles. In the cytoplasi 
somes ean be recognized. They occur in small clusters 
or in rows, which suggest the former existence of ergas' O- 
plasm. A unique feature is the denser appearance of the 
ribosomes which are in the vicinity of the vacuoles. This. 
may be due to a greater inherent density, possibly resulting 
from a contraction, or to an increased uptake. of uranyl 
acetate. Whether this reflects a functional difference is 
not known. a. 

The membranous components of the cell organ les can: 
be retained if the tissue is post-fixed for 30: min 
osmium tetroxide. As a result of this doubl 
aspect of the membranes and other struct 


































work after a specific treatment for enzym 








the cell structure. Some damage was observed if the 
initial fixation was only 0-5 h. 





a b 


Portion of a cell from the apieal meristem of the root of Zea mays fixed for 2 b 
Thin sections were stained with half- 
ad, Nucleolus (Nu); chromatin (Ch): interchromatic 


Fig. 1. 
in 4 per cent glutaraldehyde buffered at pH TBR. 
saturated uranyl acetate for 1 h. i 
substance (ICS); vacuole (F);  proplastids (P): 
(x e, 6,600); b, ribosomes (R): mitochondrion 

(ETA), crista (C), filaments (F) and ribosome-like particles (RLP), 


mitochondrion (3M); 


Cytochemical experiments revealed that the enzymes 
acid phosphatase, alkaline phosphatase and esterase are 
still active after a 90-min fixation in glutaraldehyde and 
ean be localized in the tissue. The extraction of ribonucleic 
acid and deoxyribonucleic acid can be achieved with the 
corresponding nucleases after a fixation of 2 h. The 
Feulgen reaction can be applied to glutaraldehyde-fixed 
tissues embedded in ‘Vestopal’. The interference of the 
fixative resulting in a light red background of the tissue 
does not affect the interpretation of the results. The 
removal of chromatin is complete in fixed specimens 
following a 3-h incubation period with deoxyribonuclease. 
Extraction of ribonucleic acid can also be achieved by 
. treating the thin sections with 0-3 N potassium hydroxide 
at 37° C. After 3 h the ribosomes are completely removed 
and the electron density of the nucleolus is greatly 
decreased. 

These preliminary results indicate that the ultrastructure 
_. of plant cells can be successfully preserved when glutaralde- 
hyde is used as a fixative. Stabilization of the ultra- 
structure of the cell does not inactivate certain of the 
enzymes or prevent the extraction of some structural com- 
-ponents. The interpretation of the cytochemical data is 
aided by a post-fixation with osmium tetroxide because 
it stabilizes the membranous structures and allows the 


i ‘structural components of the cell to be more readily 


 xecognized. It is believed that glutaric acid dialdehyde 

‘will be of considerable value for both cytochemical and 

structural studies of plant cells. 
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cell wall (CHW). 
(Mf) with electron-transparent area 
{x c, 30,000) 






THE metamyelocyte of bone marrow is usually classified 
with the more mature forms of granulocyte! and is con- 
sidered to be in the maturation fraction? rather than 
in the proliferative group of bone marrow cells. There are 
numerous reports that the metamyelocyte is unable to 
divide, and that mitosis is confined to less- 
differentiated forms of granulocyte?-4~4, 

Under certain experimental conditions, 
we have found evidence of labelling in 
metamyelocytes of guinea pig bone marrow 
exposed to tritiated thymidine for only 
short periods of time (not exceeding 1 h). 
The tritiated thymidine S.A. 360 me. [aM 
(Schwarz Biochemical Ine., New York) 
was injected either intravenously or into 
the peritoneum. During 30 min~l h after 
the injection the animal was anesthetized 
with ether and samples of femoral marrow 
were removed and washed in homologous 
serum. Bone marrow smears were pre- 
pared, air-dried and fixed in methyl 
alcohol. The films were covered with 
Kodak ‘A.R.10’ stripping film and after 
three weeks’ exposure they were developed. 
The smears were stained through the film 
with a 0-1 per cent solution of new methyl- 
ene blue at pH 5-5, 

Tritiated thymidine is incorporated into 
newly formed DNA (ref. 9), and since 
synthesis of DNA precedes mitosis our 
observation of this process in metamyelocytes suggests 
that these cells do in fact have a proliferative capacity. 
We have identified metamyelocytes labelled with tri- 
tiated thymidine in the bone marrow (Fig. 1 a, b, c, d) of 
guinea pigs three days after the onset of an acute anæmia 
due to loss of blood. In each animal approximately 12 ml. 
of blood was withdrawn and this caused the red cell count 
to fall from about 5,000,000 per e.mm. to approximately 
2,500,000. Labelled metamyelocytes have also been seen 
in the bone marrow of young guinea pigs recovering from 
sub-lethal whole-body y-irradiation™. Apart from the 
experimental conditions, labelling has been seen in 
metamyelocytes of normal bone marrow. 

Cronkite et al. used tritiated thymidine to study the 
proliferation of hemopoietic cells and found that labelling 
in metamyelocytes did not appear until three hours 
after the injection. They concluded that the motamyel- 
ocyte is a non-dividing cell. In our investigations of 
anemic and irradiated guinea pigs the labelling of meta- 
myelocytes occurred within 1 h of injecting the label. 
This interval! excludes the possibility that the metamyel- 
ocytes are labelled because they are the daughter cells of 
labelled progenitors. The possibility is also excluded by 
the absence of labelled mitotic figures in the smears 
(Fig. le). 

The presence of mitotic figures in metamyelocytes 
would provide additional evidence that these cells can in 
fact divide. These figures would have to be observed at 
& very early stage of mitosis when the typical shape of the 
metamyelocyte nucleus, as seen in the non-dividing cell, 
is still present. Figures of this type are rarely seen since 
the duration of this phase appears to be very short. In 
the later stages of mitosis when the shape of the meta- 


tinguish between a myelocyte or a metamyelocyte’ in 
mitosis. A metamyelocyte nucleus in an early stage of 
division is illustrated 






: os At of uptake but that they 
differentiate into metamyelocytes in the short. interval 





































pba a,b ,¢, d, Metamyelocytes in smears of guinea pig bone marrow 
pelled with. tritiated thymidine: g, absence of labelling in mitotic 
ares; f, a meétamyelocyte nucleus in an early stage of division; 
vie tamyelocyte nucleus in resting phase. a, 6, e, d, e, Cells stained 
w methylene blue; fi ay sells ais MacNeal’s tetrachrome. 
x al 





_injection of the label and the preparation of 
imi ears. In the experiments recorded hore, assum- 
there is an immediate uptake of thymidine, the 
mum time. available for this differentiation would 
non ioro: than lh. This transformation appears to be 
improbable from the studies of Patt and Maloney", who 
found that approximately 11 h are required for the 
ransition of a myelocyte into a metamyelocyte in the 
dog. 
- Tt might also be suggested that the evidence of pro- 
liferation in metamyelocytes has chiefly been seen under 
‘conditions which call for an increase in the production 
of cells.. In these circumstances, if there is a common 
rogenitor for both granulocytes and red cells, there might 
mpetition for a basic stem cell. In the anemic 
als there would be a considerable demand for stem 














urtail the number of stem cells available for granulo- 
ais. Under these conditions metamyelocytes might 
iiaulated to divide tọ help maintain the granulocyte 
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population. However, proliferation appears to be a pros 
perty of normal metamyelocytes since we have seen 
synthesis of DNA in metamyelocytes of normal bone. 
marrow. | 
It seems reasonable to postulate that mitosis might still 
occur in some metamyelocytes since these cells are inter- 
mediate in differentiation between the proliferative 
myelocytes and the non-proliferative stab granulocyte. 
Moreover, in stage of differentiation the metamyelocyte. 
appears to be comparable with the polychromatic erythro- 
blast, and it is generally agreed that this cell can. dividi z 
We do not claim that all metamyelocytes are able to divide, 
and, at the present, we have no information on the pro- 
portion which do so. 
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GENETICS 


Deoxyribonucleic Acid and the Ancestry 
of Wheat 


Rees! has suggested that data relating to the DNA 
content of nuclei may provide a further clue regarding the 
parental compositien of allopolyploid plants like durum 
and bread wheats. From Rees’s results! it is clear that 
Aegilops speltoides is more likely to be the donor of the- 
B genome of tetraploid wheat than the other members of | 
the Sitopsis section of Aegilops. With the view of under- — 
standing: (a) the relationship between somatic — 
chromosome length and DNA content; (b) the extent of — 

variation in DNA content of different varieties and species 
of Triticum and Aegilops, we estimated the DNA content — 
of mitotic prophase nuclei using a microspectrophotometer 
constructed on the two wave-length principle of Orostein?® - 
and Patau*. We preferred prophase nuclei to interphase 
nuclei since inter-slide differences were, less in the. former. 
When prophase nuclei were used in measurements, we did 
not find chromatin diminution to the extent inferred 
earliert. Examination of chromosome-length and DNA 
content indicated a definite relationship between the 
twot, The DNA values of Triticum and Aegilops species 
(Table 1), howover, did not lend themselves to interpreta- 
tions such as those which Rees! could draw. | 

While Rees! found the DNA content of A. spelterdes to 
be significantly lower than that of A. bicornis and A. 
longissima, our results reveal no appreciable difference. s 
Among tetraploid species Rees! used only T. durum, and : 
if the differences in DNA values recorded by us ee 
the more primitive T: dicoccoides and T. dicoceum 
one hand and the free-threshing P. durum on thi 
are confirmed, the types of extrapolation as carried, out- 
by Rees? may became difficult since the parenta species 
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“involved would have to vary in the different tetraploids. 


The two varieties of T. monococeum and T. aestivum 
examined also showed a difference. The coefficient of 


Variance values are rather high in our investigations, as 
. well-as those of Reest, and a higher order of precision in 
Measurement will enable the use of the mean values with 


greater confidence. While the DNA content of nuclei 


would undoubtedly provide additional information of 
great value in tracing the phylogeny of hybrids and poly- 
-ploids, an extensive survey of the extent of variability in 


DNA content occurring within a group of related species 


would have to precede the use of DNA values for such a 


purpose. The presence of heterochromatic segments may 
also influence DNA values*:?, although in Triticum this 
may not be a complicating factor* 5, 


M. D. UPADHYA 
M. S. SWAMINATHAN 
Division of Botany, 
Indian Agricultural Research Institute, 
New Delhi, 12. 
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Effects of n-Butyl Methanesulphonate and 
Related Mutagens on Barley 


Many types of alkylating mutagens had been applied to 


barley before the mutagenicity of sulphonates was 

— observed. Ethyl methanesulphonate (EMS) was the first 
tested and is now widely used in mutation research. The 
_ telated compounds methyl methanesulphonate (MMS) 





refs. 1, 3, 4), n-propyl methanesulphonate (nPMS) (refs. 





~3), isopropyl methanesulphonate (isoPMS) (ref. 3) and 
thers also have been shown to be mutagenic on barley. 

Chis communication presents preliminary results of the 
ffects of alkyl sulphonates not previously reported. 
‘hese agents are n-butyl methanesulphonate (nBMS) and 
yl methanesulphonate (isoBMS). Results of treat- 
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O Species © an meae naritiary | of Order to evaluate the influence of the different alkylating 
Para ae O menta units + SË. variance groups on these compounds. The biological responses 
T imönococeum strain a I So oae po induced by these chemical mutagens are compared with 
| fp monoeoceum strain 2 A 26°89 + 0 "3 » obtai yy X-radiati ea A 
 aegilopoides: 14 78 27:73 + O47 14-5 those obtained by X. radiation. ee one 
a 7, dicoecotdes 28 76 53-18 + 084 E The sulphonates used, except MMS which was acquired 
_ i dicoccum 2 84 “39 + O08: 13 ° as, ta emacs xo 
Kedar Ig 100 5936 + 0-85 TES from Eastman Organic Chemicals, were synthesized. and 
k E cea var, a ee as tested for purity in the laboratory of the Department of 
„Chinese Spring 42 108 5-39 + 1-05 2  vorieultural Chomietry at this University... 

PD aestivum var. C-591 42 102 715 £ 0-60 8-5 Agricultural Chemistry at this Univ orsity. in ; 
Ae, speltoides var, Seeds of hull-less Himalaya barley were stored in 
: De toa ae i = Peer ee ae desiccators over saturated salt solutions for 2-4 weeks to 
wt finsticn strain 2 . oN bs + Ne ie obtain a moisture content of 14 per cent. The chemicals 
-i Ae. bicornis ‘16 + 05 $ ` eK tae : BS + 

de. longissima 14 64 20-85 + 0-62 16-8 were applied by immersion of the barley seeds in aqueous 
> «ec squarrosa 14 54 25-09 + 0-45 13:2 solutions buffered at pH 7 with 0-2 M tris (2-amino-2- 


(hydroxymethyl)-1,3-propanediol) at 20°, C for times 
according to treatment design. The treatment solutions 
of isoPMS only were changed every 50 min because this 


' compound hydrolysed much faster than the others. After 


Table 1. EFFECTS OF ALKYLATING SULPHONATES ON BARLEY 


the chemical treatment the seeds were soaked in distilled 
water for 5 h at 20° C to reduce delayed action of the 
mutagens. Agnes: 

The biological responses of barley seeds to the various 
agents were measured by the percentage of seedling 
growth of treated versus control plants, the rate of 
survival (plants with germinating M, seedlings relative to 
the number of M, seeds planted), and the fertility, 
estimated from the average number of M, seedlings per 
M, spike. Chromosome aberrations were scored in 200 
mitotic cells of shoot-tips of germinating M, seeds and 
100 microsporocytes of field-grown M, plants from each 
treatment. The frequency of mutations was estimated 
from the number of chlorophyll-deficient mutations in M, 
seedling progenies. | 

The results (Table 1) show that all the sulphonates 
examined induce chlorophyll-deficient mutations. In all 
cases, the mutations were induced by treatments that 
produced low rates of damage to seedling growth and plant 
survival and to chromosome structure. The new chemical 
mutagen, nBMS. appears to be about as efficient as the 
related ethylating compound EMS, particularly since 
higher doses than those investigated can be applied 
(Froese-Gertzen, unpublished results). 

Data for isoBMS were not listed in Table 1 since a troat- 
ment with 0-02 M concentration for 32 h at 20° C was not 
sufficient to induce either noticeable damage to seedling 
growth and survival rate or an appreciable number of 
genetic changes. However, subsequent investigations of 
the chemical reactivity of this compound revealed that the 
hydrolysis rate of isoBMS is only 1/6 that of nBMS. It is 
expected that a treatment adjusted to the slow reactivity 
will induce an Increased mutation rate. : 

Treatments of barley seeds with nPMS were reported 
earlier by Ehrenberg, who obtained chlorophyll-deficient 
mutations in 26 per cent (ref. 1) and 12 per cent (ref. 2) of the 
spikes analysed. The conditions for these treatments: were 
not described. In the experiments with nPMS reported by 


Heslot and Ferrary? a higher concentration than 0:02 M 
was used for a soaking time comparable to 30 h at 20° C, 


inducing mutations in 8-3 per cent of the spikes. -The 


















: | Chromosome aberrations _. -Mutations per 
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mutation frequency of 13 per cent per M, spikes obtained 
in our studies does not appear to represent the optimum 
mutagenic efficiency of this compound since the treatments 
applied had little effect on seedling growth and survival 

The mutation frequency of 5 per cent per M, spikes 
1eported here for MMS 1s low m comparison with the results 
of Minocha and Arnason’ (325 per cent), Ehrenberg! 
(16 per cent), and Heslot and Ferrary? (7 8 per cent) How- 
ever, 14 seems possible that higher doses may inciease the 
mutation 1ate to a level comparable with that reported by 
other investigators The concentration used by Minocha 
and Arnason was ten times higher than that in the expert- 
ments of Heslot and Ferrary? and the work recorded here 
However, ıt 1s difficult to understand that a treatment 
time for 2 h at 20° C (used by Mmocha and Arnason) was 
sufficient for diffusion of the mutagen solution into the 
seeds and for the induction of 325 per cent mutations, 
unless most of the mutations were caused by delayed 
action of the mutagen MMS as well as other methylating 
sulphonates used in recent investigations on barley appear 
to be more toxic, that 1s, methylating compounds cause 
more physiological damage and death at sımılar doses 
than other sulphonates, so that 1/10 of the concentration 
had to be used (Fioese-Gertzen, unpublished results) 

The exploration of isoPMS as a mutagen for barley was 
initiated by determimmg its chemical reactivity The 
first order hydrolysis rate constant (64 x 10-8/min at 
20° C) was simular to that of diethyl sulphate (3 45 x 10-3/ 
mmn at 20° C) (ref 4), and simular treatment conditions were 
developed Accordingly, the 0 0063 M isoPMS solution 
was renewed every 50 min, after 30 per cent of hydrolysis 
had occurred Thus, these treatments cannot be com- 
pared with those of Heslot and Ferrary in which 0 055 M 
solutions were apphed without renewal for 24 h at 24° C 
and in which 10 per cent mutated M, spikes were obtamed 
The higher mutation rate of 20 per cent observed for 
1s0PMS8 1m our experiments 18 probably due to the fact that 
a higher concentration of muitagenically active agent was 
available when the solution penetrated mto the germinal 
tissue. 

EMS has repeatedly been reported to be a ‘good muta- 
gen’ on barley Some recent results obtamed with EMS 
are cited here for comparison with the other sulphonates 
This comparison shows that nBMS, nPMS and 1soPMS 
especially merit further investigation 

Data obtained from barley seeds (14 per cent moisture 
content) exposed to 30 kr of X-rays at room temperature 
show that the induction of mutation in 8 per cent of the 
spikes is associated with chromosome aberrations of 53 
bridges and 309 fragments per 100 cells This level of 
injury to chromosome structure, as well as to seedling 
growth and plant survival in relation to the amount of 
induced mutation, demonstrates the lower mutagenic 
efficiency of radiation compared with that of most chemical 
mutagens mvestigated here 

This work was supported m part by research grants from 
the US Atomic Energy Commission contract AT'—(45-1)~ 
353, and the National Institutes of Health grant GM 
10838-05 We thank Dr R J Foster and Mrs Ilse 
Klanberg for their assistance and advice 
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VIROLOGY 


Effect of Ether on Rabies Virus 


Andrewes and Horstmann! grouped rabies virus as 
ether resistant, based on reports of other mvestigators?3 
During a recent investigation ın this laboratory, strains of 
arctic rabies virus lost 95-97 per cent of their mfectivity 
following exposure to 20 per cent ether at 4° C for 16 h 
This observed reduction in infectivity and the variations 
in reported methods for determining the effect of ether on 
rabies virus led to investigations comparing the action of 
ether on different strams of rabies virus 

Five strains of rabies virus were tested 2 arctic strams 
isolated from foxes from Greenland, a bat rabies virus 
isolated from a Mexican freetail bat, a street virus 
obtained from a naturally mfected cat, and fixed virus 
(CVS-25) A 20 per cent infected brain suspension 
prepared with 10 per cent egg-yolk diluent was mixed 
with anesthetic ethyl ether (20 pe: cent by volume) and 
incubated at 4° C for16h Ether was removed by evapo- 
ration in an open Petri dish Control specimens without 
ether were tested simultaneously Serial ten-fold dilutions 
were prepared, and 0 03 ml ofeach dilution was moculated 
mntracerebrally into five 3-week-old mice 


Table 1 EFFEOT oF 20 PER CENT ETHER ON DIFFERENT STRAINS OF RABIES 
VIRUS AT 4°C FoR 16 H 


Titre (MLD 59) 
Treated 


Reduction m infectrvityv 
Virus stram ee 


Control ; 
Arctic 209 
Arctic 219 
Street rabies 


Bat rabies 
Frred (CV8) 





Table 2  EFRECT oF VARIOUS CONCENTRATIONS OF ETHER ON ARCTIC 
RABIES VIRUS AT DIFFERENT TIME-INTERVALS AND TEMPERATURES 


MED, titre of virus 


Concentration = pee- | --_____—_——+--— 
37°C for2h | 4° Cfor16h 


of ether (%) 





Results are shown in Table 1 Loss ın infectivity 
varied from 93 2 to 990 per cent with the field strams 
Reduction in fixed virus infectivity was shown to be 
slightly greater (99 5 per cent) 
Jn one experiment the effect of anhydrous ether on fixed 
virus Was compared with that of anesthetic ether, with no 
apparent difference 
The effects of various concentrations of ether at different 
time-intervals and temperatures were examimed with one 
arctic strain The results are given in Table 2 The 
quantitative reduction in virus infectivity was shown to 
range from 0 18 logs (12 6 per cent) with 5 per cent ether 
to greater than 2 67 logs (99 8 per cent) with 20 per cent 
ether at 37° C for 2h 
Andrewes* has also recently demonstrated fixed rabies 
virus to be ether sensitive 
The property of ether sensitivity supports the recent 
suggestion that rabies virus may be related to the myxo- 
virus group? 
ROBERT A CRANDELL 
Wrrram D Hirs 

U.S Aur Force Epidemiological Laboratory, 

Aerospace Medical Division, 
Lackland Aur Force Base, Texas 
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Cultivation of Horsesickness Virus in Tissue 
- Culture 


Mieschulz! and Alexander* mndependently showed that 
horsesickness virus multiples ın the brains of Swiss albmo 
mice Alexander? reported later the successful cultivation 
of mouse-adapted horsesickness virus im the brams of 
guinea pigs, rats and other rodents He also succeeded 
in cultivating a mouse-adapted strain of virus in embryon- 
ated hen’s eggs, in which multiphcation of the virus 
occurred m the bram of the embryo without producing 
any specific mortality’ McIntosh® propagated viscero- 
tropic horsesickness virus strains in 8-day-old embryon- 
ated hon’s eggs at an optimum temperature of 32°C 
Embryo mortahty occurred regularly during the imutial 
passages 

This communication describes the successful propagation 
of horsesickness virus in tissue culture The third mouse 
brain passage of a type 3 vuus stram (designated as 13/63), 
with a mouse LD,, titre of 10-8 °, was selected After 
removal of the nutrient medium, roller tubes contaming 
monolayers of chicken embryo fibroblasts were each 
seeded with 02 ml of a 1 per cent suspension of the 
mouse brain antigen m Hanks’s balanced salt solution 
The moculated tubes were rolled at 37°C for 30 mm 
and the monolayers were then washed Fmally, each tube 
received 1 0 ml of medium consisting of Hanks’s balanced 
salt solution contaimng 05 per cent lactalbumen hydro- 
lysate, 10 per cent bovine amniotic fluid and 2 per cent 
bovine serum ‘The tubes were kept in roller drums at 
37° C and were examined daily under low magnification 
No cytopathic effects were observed 

At daily mtervals the supernatant fluid plus macerated 
cells of two tubes, selected at random, were titrated in 
day-old mice by intracerebral moculation of decimal 
dilutions The virus titres were calculated by the method 
of Reed and Muench® and expressed as the negative 
logarithm of the dilution end-pomts Table 1 represents 
the virus titres of the first three serial passages in chicken 
embryo fibroblasts 


Table i 
TC Mouse LD,, of tissue culture material on days after seeding 
passage 1 2 3 4 5 6 7 8 
1st 40 40 85 37 30 29 25 40* 
2nd — — 190 10 15* 
$rd 0 40 40 40 40 5 0* 


* Material used for passage 


The specificity of the mortality ın mice was contiolled 
by a complement fixation test’? on the brains of mice sick 
after moculation with material from the third and fifth 
tissue culture passages 

With the sixth passage the growth curve of the virus 
in tissue culture was determined For this purpose a 
monolayer of chicken embryo fibroblasts m a 100-ml 
medicine flat bottle was used ‘The culture was seeded 
as described before using 10 ml of the fifth tissue culture 
passage of virus (titre 10-** mouse LD5, per 003 ml) 
as seed maternal After adsorption, the monolayer was 
washed, 10 ml of medium was added and the bottle 
mcubated at 37°C Ahquots of 10 ml of supernatant 
fimd were removed daily from the bottle and titiated m 
day-old mice One ml of fresh medium was used to replace 
the sample removed 

In a parallel experiment a number of roller tubes were 
also seeded with virus as before and four tubes were 
collected daly The supernatant fhuds from each group 
of four tubes were collected, pooled and centrifuged to 
remove cellular maternal The monolayeis were washed 
three tumes with Hanks’s balanced salt solution and then 
macerated m a volume of medium corresponding to the 
volume of supernatant fluid removed Each sample of 
supernatant fluid and cells were titrated separately ın 
mice The results are summarized in Table 2 


NATURE 


November 16, 1963 


VoL. 200 
Table 2 
Mouse LD of T O material on days after 
Culture seeding 

1 2 3 4 5 6 
Bottle-100 ml flat 0 25 38 42 37 39 
Tubes (a) Cells 0 25 88 48 41 45 
(b) Supernatant fluid 0 12 37 40 88 42 


Although no specific cytopathic changes were noticed 
during six serial passages of the virus, 1b 18 quite evident 
from Tables 1 and 2 that monolayers of chicken embryo 
fibroblasts supported tho growth of horsesickness virus 
under the conditions described An appreciable amount of 
virus appeared to be cell bound 

By usmg the foregomg method, a type 4 horsesickness 
virus stran (designated as 32/62) ın its second mouse 
brain passage has also been adapted to multiply m chicken 
embryo tissue culture, and work 1s now in progress to 
adapt strams of the 1emamimg seven types of horsesick- 
ness virus and to determine optimal conditions of growth 
with special reference to cell type, pH and temperature of 
meubation, 

I thank Dr K E Weiss, head of the Virology Section 
of this Institute, for advice 
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STATISTICS 


Generalized Inverse of a Singular Matrix 
In a recent communication! a technique for obtaining a 


generalized inverse of a singular matrix X= ls p where 


the square sub-matrices A and D are non-singular, has 
been given The g-inverse 1s derrved ın two steps, the first 
involving the calculation of an approximation, and the 
second its correction 

Dr M Zelen (private communication) has pomted ous 
that in the expressions for the sub-matrices, corresponding 
to those of X, which correct the approximate g-inverse, 
two sub-matrices (B DC-A) and (C AB-D), which are 
both singular, are involved That they are singular can 
be provod as follows 

Let (y, 8) be a row vector such that the constituent 
vectors y and è are non-ze1o, and their lengths are equal 
to the number of rows in A and D respectively Then 
since X 1s singular 


co [67 |=0 (1) 


where 0 is a null vector of the same length as (y, 8) 
Equation (1) yields the conditions 7(BD-!C—4)=0= 
s(CA-IB-D), and since y and 8 are non-zero vectors, 
(BD-C-A) and (CA-1B-D) must be singular 

However, despite this circumstance, the approximate 
g-invorse can still be corrected by using m the expressions 
for the correction matrix (already given by me) the 
approximate g-inversos of theso singular sub-mat1ices 


J © Koor 


Department of Experimental Statistics 
University of North Carohna, 
Raleigh 
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FORTHCOMING EVENTS 


(Meetings marked unth an asterisk are open to the publi) 


Monday, November 18 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S W 7), 
at 6 p.m—Symposium on ‘“Denudation m Limestone Regions” 


UNIVERSITY COLLEGE, LONDON (in the Physiology Theatre, Gower Street, 
London, W C 1), at 5 pm —Dr M H Richmond “Biological Activity 
of Structural Analogues” (Further lecture on November 25 )* 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W C 2), at 530 pm—Mr G B Townsend “The 
Colour Performance of the Secam Colour Teleyision System” 


Soornty OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, S W 1), at 5 30 p m —Mr F P W Wintermgham “Insect 
eet Phenomena Their Practical and Fundamental Impli- 
cations”, 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, W C 2), 
at 6 pm—Mr Hulme Chadwick “One Man's Colour” (First of three 
Cantor Lectures on “Colour ım Modern Life” ) 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, W C 2), at 630 pm-~-Mr 
M. T. Hills “Electronic Telephone Exchanges” 


Tuesday, November 19 


SOCIETY of CHEMICAL INDUSTRY, AGRICULTURE GROUP Gomt meetmg 
with the INDUSTRIAL WATER AND EFFLUENTS GROUP, at 14 Belgrave Square, 
London, S W 1), at 10 30 a m—Meetmg on “Agricultural Effluents” 


UNIVERSITY OF LONDON (at Imperial College, London, 8 W 7), at 1 30pm 
-Mr D E Broadbent ‘The Input—How We See and Hear” (Third of 
five lectures on “The Basis of Experimental Psychology” )* 


UNIVERSITY OF LONDON (at the Royal Institution, Albemarle Street, 
London, W 1), at 5 pm-——~Prof Jacques Monod (Institut Pasteur, Paris) 
oe Elements and Regulatory Circuits in Cellular Metabolism and 

rowth” 


INSTITUTION OF CIVIL ENGINEERS {at Great George Street, Westminster, 
London, 5 W 1), at 530 pm-—Mr Harold Serutton and Mr B J O’C 
Usa ‘Some Features of the Civil Engimeering Work m Cammell Laird’s 

ipyard”’, 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, WC 2), at 630 pm—Prof F © Wilhams, FRS, Dr 
J F Eastham and Mr L 8 Piggott ‘‘Analysis and Design of Pole Change 
Motors using Phase-Mixing Techniques’, Mr C St J Lamb ‘“Commutator- 
less Alternating Voltage-Fed Variable-Speed Motor” 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
{at Savoy Place, London, W C 2), at 530 p m -Discussion on “A New 
Approach to Teaching Rehability” opened by Mr R © Wmton 


UNIVERSITY OF LONDON (at Imperial College, London, S W 7), at 5 30 p m 
--Prof A R Hall “The Historical Relations of Science and Technology” 
(Inaugural Lecture) 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicme, Keppel Street, Gower Street, London, WC1), at 530 pm = 
Dr R P Michael “Neurological Mechanisms and the Control of Sexual 
Behavionr” (Tenth of eighteen lectures on “The Scientific Basis of Medicine” 
organized by the British Postgraduate Medical Federation )* 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMATIC CONTROL GROUP 
(at 1 Birdcage Walk, Westmunster, London, S W 1), at 6 p m —Diseusgion 
on “Ig Machine Development Outstripping Man's Capabilities ?” 


PLASTICS INSTITUTE, LONDON SECTION—ENGINEERING SUB-GROUP (at 
the Wellcome Building, Huston Road, London, N W 1), at 630 pm —Mr. 
J R Bames and Mr P M George “Developments in Extrusion Tech- 
niques for Unplasticized PVC” 


Tuesday, November ]9—Wednesday, November 20 


INSTITUTION OF GAS ENGINEERS (at Church House, Westminster, London, 
SW 1), at 930 am daily-—-29th Autumn Research Meeting 


Wednesday, November 20 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W 12), at 2 pm —Dr P Walker “Biochemical 
Procedures in the Differential Diagnosis of Metabolic Bone Disease” * 


PLASTICS INSTITUTE (at Brunel College, Woodlands Avenue, Acton, 
London, W 3), at 230 pm-—Dr © L Child “Some Factors Affecting 
Products Design” (Students’ Lecture) 


ROYAL SOCIETY or ARTS (at John Adam Street, Adelphi, London, W C 2), 
at 230 pm—Mr D I Lawson “Research mto Fire Protection” 


GEOLOGICAL SOCIETY oF Loxpon (at Burlington House, Piccadilly, 
London, W 1), at 5 pm -Dr M H P Bott “Gravity Measurements 
on the North-East Part of the Irish Sea”, Mr © § Hutchison “A Gabbro- 
Granodiorite Association tn Singapore Island” (to be read by Prof J Sutton), 


ROYAL STATISTICAL SocreTy (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W C 1),at5 15pm 
are DP J Newell “Statistical Aspects of the Demand for Maternity 

E g” 


INSTITUTE OF PETROLEUM (at BI New Cavendish Street, London, W 1), 
at 530 pm—Mr M J Van der Zijden and Mr S R Hills “Control of 
Gasolme Quality m Relation to Inlet System Deposits” 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (joint 
meeting with the SCIENCE AND GENERAL DIVISION, at Savoy Place, London, 
WC2), at 530 pm—Dr D N Truscott ‘Computers in Control of Pro- 
cessea—the Coming Revolution in Industry”, 

SOCIETY OF APOTHECARIES OF LONDON, FACULTY OF THE HISTORY OF 


MEDICINE AND PHARMACY (at Apothecaries’ Hall, Blackfriars Lane, London, 
EO 4), at 5 30 p m —Prof Alan Kekwick “The Soho Cholera Epidemic, 
1854", 
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BRITISH INSTITUTION OF RADIO ENGINEERS, EDUCATION GROUP (at the 
London School of Hygiene and Tropical Medicine, Keppel Street, Gower 
Street, London, WC 1), at 6 pm—Mr R A T Howell, Group Captam 
J H Stevens, Mr W K Newsonand Mr H Arthur “Systematic Selection 
Procedures for Technical Courses”. 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, West- 
minster, London, S W 1), at 6p m -Prof J Z Young, FRS ‘ Measur- 
tng and Computation by Brains and Machines” (Thomas Hawksley Lecture) 


ROYAL INSTITUTE OF CHEMISTRY (jomt meeting with the SOUTH-WEST 
ESSEX TECHNICAL COLLEGE CHEMICAL SOCIETY, at the South-West Essex 
Technical College, Forest Road, Walthamstow), at 7 p m —Dr P N Camp- 
bel “The Biosynthesis of Proteins’ 


Thursday, November 21 


REINFORCED CONCRETE ASSOCIATION (jomt meeting with the SOCIETY 
OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS GROUP, at the 
Institution of Structural Engineers, 11 Upper Belgrave Street, London, 
S W.1), at 230 p m —Meeting on “Lightweight Aggregates” 


ASLIB (at 3 Belgrave Square, London, S W 1), at5pm—Mr S B Page 
“The Production of Library Publications” 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society 
Burlington House, Piccadilly, London, W 1), at 5 pm—Dr © W Nut 
and Dr K Bromley “Conditions for the Flotation of Beryl”, Mr R. 
Greenberg ‘‘Structure-Gold Relationships as Revealed by some Wit- 
watersrand Mine Survey Plans” 


LINNEAN SOCIETY oF LONDON (at Burlington House, Piccadilly, London, 
W 1), atS5pm-—Dr Léon Croizat ‘Problems of Panbiogeography” 


LONDON MATHEMATICAL Socrety (at the Royal Astronomical Society 
Burlington House, Piccadilly, London, W 1), at 5 p m —Annual General 
Meeting Dr M L Cartwnght “From Non-linear Oscillations to Topo- 
logical Dynamics” (Presidential Address) 


INSTITUTION OF CIVIL ENGINEERS, TRAFFIO ENGINEERING GROUP (at 
Great George Street, Westminster, London, S W 1), at 5 80 p m —Informal 
Discussion on “Integration of Motorways in Urban Areas” introduced by 
Dr T E H Wilhams. 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, WC 1), at 530 pm— 
Dr M Shepherd “Epidemiology and Mental Disorder” (Eleventh of 
eighteen lectures on “The Scientific Basis of Medicine” organized by the 
British Postgraduate Medical Federation }* 


CHEMICAL Socrety (at Burlington House, Piccadilly, London, W 1), at 
6 pm—Scientific Papers 


INSTITUTE OF REFRIGERATION (at the National College for Heating, 
Ventilating, Refrigeration and Fan Engineering, Southwark Bridge Road, 
London, § E 1), at 6 pm —Informal Discussion on “Pneumatic v Elec- 
tronic Controls” 


Occam Socinry (at the ore pion College of Advanced Technology, 
St John Street, London, E C 1), at 615 p m —Discussion on “The 5000 
Year Leap (Technology, Social Sence and the Underdeveloped Countries)” 
opened by Dr E T Sherwood 


INSTITUTION OF MECHANICAL ENGINEERS, GRADUATES’ AND STUDENTS’ 
SECTION (at 1 Birdcage Walk, Westminster, London, S W 1), at 6 30 pm 
—Mr P Irving “Modern Trends ın Two-stroke Petrol Engine Design” 


ROYAL Socrery oF TROPICAL MEDICINE AND HYGIENE (at the London 
School of Hygiene and Tropical Medicme, Keppel Street, Gower Street, 
London, WC 1), at 7 30 pm—Laboratory Meetmg 


Thursday, November 2!—-Saturday, November 23 


Royal Society (at Burlington House, Piccadilly, London, W 1}, at 
1030am datly-~Discussion Meetmg on “The Physical and Chemical Basis 
of Muscular Contraction” orgamzed by Prof A F Huxley, ERS, and 
Dr H E Huxley, FRS 


Friday, November 22 


INSTITUTION OF MECHANICAL ENGINEERS, INTERNAL COMBUSTION ENGINE 
GROUP (at 1 Birdcage Walk, Westminster, London, S W 1), at 7 pm— 
Mr L S Snell “The Design and Evolution of an Aircraft Rocket Engme”. 


Friday, November 22—-Saturday, November 23 


BRITISH SOCIETY FOR IMMUNOLOGY (at the Wellcome Building, 183 
Euston Road, London, N W 1), at 10am dailv—Autumn Meeting Prof. 
Astrid Fagraeus (Sweden) ‘Mixed Hmadsorption—a New Antibody 
Tracing Technique and some of its Applications” (Prausnitz-Giles Lecture) 


Saturday, November 23 


LONDON Counry Counco: (at the Horniman Museum, London Road, 
Forest Hull, London, S E 23), at 3 30 pm—Dr Bengt Danielsson “The 
Islands of the South Seas in the Modern World”’.* 


Monday, November 25 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS Drvision (at 
Savoy Place, London, W C 2), at 2 30 pm and 6 30 pm~-—~Colloquium on 
“Recent Advances ın DC Amplifiers’ 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W 12), at 4 p m —Prof A W Woodruff ‘Recent 
Advances in Tropical Medicme” * 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W C 2), 
at 5 30 pm -Discussion on “Is Load Shedding Necessary and How Can 


Its Effects be Minimized ?” opened by Mr A E Hawkins 


UNIVERSITY oF LONDON (in the Anatomy Theatre, University College, 
Gower Street, London, W C 1), at 530 pm—Dr E Schatzman (Paris) 
“Nuclear Reactions at the Surface of Stars and Stellar Evolution” * 


BRITISH MEDICAL ASSOCIATION (at the National Hospital for Nervous 
Diseases, Queen Square, London, W C 1), at 6 p m —Dr Macdonald Critch-- 
ley, FRCP "The Problem of Visual Agnosia” (Twelfth Victor Horsley 
Memorial Lecture) * 


- 
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ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, W C 2), 
at 6 pm-~Dr. T Vickerstaff “Scientific Aspects’ (Second of three 
Oantor Lectures on “Colour in Modern Life” ) 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the followmg appomftments on or before 
the dates mentioned 

GRADE B LECTURER (with an honours degree) IN MATHEMATICS IN THE 
DEPARTMENT OF MATHEMATICS AND PHysics-~The Director of Education, 
The Polytechnic, 309 Regent Street, London, W 1 (November 22) 

LECTURER (medical or non-medical graduate) IN ANATOMY—The Secre- 
tary, Institute of Ophthalmology (University of London), Judd Street, Lon- 
don, W C1 (November 23) 

LECTURER (Grade IX) In PsycHotoagy—The Registrar, The University, 
Bristol (November 25) 

LECTURER or ASSISTANT LECTURER AT THE TIDAL INSTITUTE AND 
OBSERVATORY—The Registrar, The University, Liverpool, quoting Ref 
CV/422 (November 25) 

JUNIOR LECTURER, LECTURER or SENIOR LECTURER IN PHYSICS at Massey 
University College of Manawatu, Palmerston North, New Zealand—The 
Secretary, Association of Commonwealth Universities (Branch Office), 
Mariborough House, Pall Mall, London, 8 W 1 (New Zealand and London, 
November 29) 

BIOcHEMIST (with an honours degree in biochemistry or equivalent) IN 
THE DEPARTMENT OF STEROID BIOCHEMISTRY, to study the biosynthesis 
and metabolism of androgenic stero1ds—The Secretary of University Court, 
The University, Glasgow (November 30) 

LECTURER (graduate ın science with qualifications in botany or agricultural 
botany, and preferably with traming in crop or plant physiology) In BOTANY 
—The Secretary, West of Scotland Agricultural College, 6 Blythswocod 
Square, Glasgow, C 2 (November 30} 

SENIOR DEMONSTRATORS (2) (with a science degree with physics as a 
major subject, preferably with honours, and some teaching experience) 
IN PHysics at the University of Queensland, Australia—The Secretary, 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S W 1 (London and Brisbane, November 30) 

CHAIR OF ZOOLOGY at the University of Malaya-—The Serretary, Associa- 
tion of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, S W 1 (London and Kuala Lumpur, December 7) 

LECTURER IN ORGANIC CHEMISTRY at QuUEEN’s COLLEGE, Dundee—The 
Secretary, University of 8t Andrews, Queen’s College, Dundee (eoma 7) 

LECTURER (with special mtercst in one or more of the following fields 
soils, conservation or geomorphology) IN _GEOoGRAPHY—The Secretary, 
University College, Gower Street, London, W C1 (December 7) 

ASSISTANT KEEPER (Grade I or Grade JI) IN THE DEPARTMENT OF 
ZOOLOGY---The Secretary , National Museum of Wales, Cardiff (December 10) 

CHAIR OF BIOLOGY (with special reference to ecology)—The Secretary, 
University of Lancaster, Bailrigg House, Lancaster (December 14) 

SENIOR LECTURER IN PHYSICAL CHEMISTRY at the University of Western 
Austraha—The Registrar, University of Western Australia, Nedlands, 
Western Australia, or The Secretary, Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall Mall, London, 8 W1 
(Austraha and London, December 14) 

CHAIR OF PHYSIOLOGY at St Marv’s Hospital Medical School—The 
Academic Registrar, University of London, Senate House, London, WC 1 
(December 17) 

LECTURER IN GEOCHRONOLOGY ANP ISOTOPE GEOLOGY IN THE DEPART- 
MENT OF GEOLOGY—The Registrar The University, Leeds 2 (January 1) 

MASTER TO TEACH Botany to Scholarship level (any other science sub- 
ject, particularly chemistry, would be welcome}——-The Headmaster, Blundell’s 
School, Tiverton, Devon 

POST-DOCTORAL RESEARCH ASSISTANT, for work in the field of colour centres 
in the alkali halides—-Dr P M Jacobs, Department of Chemistry, 
Imperial College, London, $S W 7 

RESEAROH STUDENT (with a good honours degree) IN THE DEPARTMENT 
OF HUMAN BIOLOGY AND ANATOMY, for developmg methods of fixation and 
ee for electron microscopy—Prof Barer, The University, 

effie 

RESPIRATORY PHYSIOLOGIST, for work maimly im the wide-open feld of 
high-pressure physiology—The Superintendent, Royal Naval Physiological 
Laboratory, Alverstoke, Hants 

TECHNICIAN or STUDENT TECHNICIAN FOR THE BIOLOGY DEPARTMENT— 
poe pees Royal Free Hospital Medical School, 8 Hunter Street, 

ndon, 


REPORTS and other PUBLICATIONS 


{not tneluded in the monthly Books Supplement) 


Great Britain and Ireland 


The Institute of Physics and The Physical Society Problems Facing 
University Physics Department (A Report prepared by a Committee 
appomted by the Council of The Institute of Physics and The Physical 
Society ) Pp 26 (London ‘The Institute of Physics and the Physical 
Society, 1963 ) {49 

Meteorological Office Scientific Paper No 18 Airflow Around a Model of 
the Rock of Gibraltar By J Briggs Pp 20 (MO 744) (London HM 
Stationery Office, 1963 ) 3s net [49 

Publications of the Royal Observatory, Edinburgh Vol 3, No 4 The 
Effect of Rotation on Balmer Line Intensities of B-Tvpe Stars By BN G. 
Guthrie Pp 83-107 (Edinburgh and London H M Stationery Office, 
1963) 6s net f49 

Bulletin of the British Museum (Natural History) Entomology Vol, 14, 
No 2 The Acridoidea (Orthoptera) of Madagascar $ Pyrgomorphidae 
By V M Dirsh Pp 49-103 16s Geology Vol 8, No 6 Certain 
Palaeoniscoid Fishes and the Evolution of the Snout in Actinopterygians 
By Dr Brian George Gardiner Pp 255-325+plates 1 and 2 20s Vol 9, 

o 1 The Ordovician Trilobite Faunas of South Shropshire, IV By Dr 
William Thornton Pp. 1-18+plates 1 and 2 9s (London British 
Museum (Watural History, 1963 ) 49 

Department of Scientific and Industrial Research Summary of Progress 
of the Geological Survey of Great Britam and the Museum of Practical 
Geology for the vear 1962, with Report of the Geologieal Survey Board 
Pp li+91 (London HM Stationery Office, 1063 ) 5s Gd net, {109 
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The Society for Analytical Chemistry Report of the Analytical Methods 
Committee, 1961/62 Pp 31 (London The Society for Analytica) 
Chemistry, 1963 ) [109 

Ministiy of Housing and Local Government Sixth Progress Report of 
the Standmg Technical Committee on Synthetic Detergents Pp 12 
(London H M Stationery Othee, 1963 ) {109 


Other Countries 


United States Department of the Interior Geological Survey Profes- 
sional Paper 297-C Exploration for Beryllium at the Helen Beryl, Elkhorn 
and Tim Mountain Pegmatites, Custer County, South Dakota By Mortimei 
H Staatz, Lincoln R Page, James J Norton, and V R Wilmarth Pp 
1v +129-198 +-plates 13-20 Professional Paper 341-C Geology and Ore 
Deposits of the Itabira District, Mimas Gerais, brazil By John van N Dorr 
and Aluizio Licinio de Miranda Barbosa Pp v+110+8 plates Professional 
Paper 368 Geology of San Nicolas Island, California hy J G Vedder and 
Robert M Norris Pp vi+65+plates 1-5 (Washington, DC Govern- 
ment Printing Ofhee, 1963 ) [109 

United States Department ofthe Intenior Geological Survey Geophysical 
Abstracts, No 198, July 1963 By James W Clarke, Dorothy B Vitaliano, 
Virginia $ Neuschel, and others Pp 111+573-664 35 cents Geophvsical 
Abstracts, No 199, August 1963 By James W Clarke, Dorothy B Vitaliano, 
Virginia S Neuschel, and others Pp ui+665-760 35 cents (Washimgton, 
DC Government Printing Ofhce, 1963 } {109 

United States Department of the Interior Geological Survey Water- 
Supply Paper 1613-B Availability of Fresh Ground Water, Montauk Point 
Area, Suffolk County, Long Island, New York By Nathaniel M Perlmutter 
and Frank A DeLuca Pp 1v+39+plates 1 and 2  Water-Supply Paper 
1616-D Principles of Siphons With Respect to the Artificial-Recharge 
Studies in the Grand Prairie Region, Arkansas By R T Sniegock: and 

E Reed Pp 11+19 Water-Supply Paper 1619-BB Ground-Water 
Exploration and Test-Pumpmg in the Halma-Lake Bronson Area, Kittson 
County, Minnesota. By George R Schmer Pp iv+38+plates 1 and 2 
Water-Supply Paper 1619-CC Ground Water in the Raft River Basm, 
Idaho, with special reference to Irrigation Use, 1956-60 By M J Mundorff 
and H G Sisco Pp 11+23+plate 1 Water-Supply Paper 1669-1 Water 


Regimen of the Inner Valley of the San Pedro River Near Mammoth, Arizona, 


(a Pilot study) by Harry G Page Pp 11+22+plates 1 and 2 Water- 
Supply Paper 1669-M  Specific-Yield and Particle-Size Relations of the 
Quaternary Alluvium, Humboldt River Valley, Nevada By Philip Cohen - 
Pp iv+24 (Washington,DC Government Printing Office, 1968) [189 
United States Department ofthe Interior GeologicalSurvey Professional 
Paper 297-D Geology and Pegmatites of the Fourmile Quadrangle, Black 
Hills, South Dakota By Jack A Redden Pp v-+-199-291+plates 21-23 
Professional Paper 372-H General Summary of Effects of the Drought m 
the Southwest By H E Thomas Pp iu+22 Professional Paper 386-C 
Relation Between Dual Acidity and Structure of H-Montmorillonite By 
Alfred M Pommer Pp 11+23 (Washington, DC Government Printing 
Office, 1963 ) [189 
Sandia Corporation Fallout Report Beta~Gamma Radioactivity in An 
at Sandia Laboratory, July thru December 1962 By R E Womelsduff 
Pp 14 (Albuquerque, New Mexico Sandia Corporation, 1963 Available 
from the Office of Technical Services, Department of Commerce, Washington, 
25,DC) 50 cents {188 
Bulletin of the American Museum of Natural History Vol 125, Article 3 
The Miocene Faunas from the Wounded Knee Area of Western South 
Dakota By James Reid Macdonald Pp 139-2388 (New York American 
Museum of Natural History, 1963 ) 3 dollars 1189 
Forest Research Institute, Dehra Dun Indian Forest Leaflet No 165 
Rauwolfa serpentina Further Studies (with 3-year-old plants) on Methods 
of Propagation and their Effect on Root Production and Alkalotdal Content 
of Roots By R L Badhwar, R M Ber, G V Karra, S Ramaswami and 
H SF ij Pp 15 (Delh. Manager of Publications, 1862 ) Rs 135 nig 
3g 
The Resources Agency of California Department of Fish and Game. 
Fish Bulletin 122 The Kelp Bass (Paralabrax clathraivs) and Its Fishery, 
1947-1958 By Parke H Young Pp 67 Fish Bulletin123 The California 
Oyster Industry By & M Barrett Pp 103 (Sacramento State of Cali- 
fornia, Department of Fish and Game, 1963 ) [189 
Conseil Permanent International pour |’Exploration de la Mer, Service 
Hydrographique, Charlottenlung-Slot, Danemark ICES Oceanographic 
Data Lists, 1958, No‘ 1 Pp xx11+259 (Copenhague Andr Fred Host 
et Fils, 1963 } 15 Dkr [189 
Conseil National de la Politique Scientifique Rapport Annuel 1962. 
Pp 171 (Bruxelles Conseil National de la Politique Scientifique, 1963 J) [189 
Engineering Digest, Vol 1, No 1, (January-March 1963 ) (For Depart- 
mental circulation only) Pp xviuir-+1-64 (Andhra Pradesh Public Works, 
Electricity, Highways and Public Health Department, 1963 ) [189 
Indian Forest Records, (New Series) Mycology Vol 2, No 3 Fungal 
Diseases of Sal (Shorea robusta Gaertn & Fils) Part IV Fomee caryophylli 
(Rae )} Bres , a Destructive Heart-Rot of Sal By Dr K Bagchee Pp 
ed +20 plates (Delhi: Manager of Publications, 1961 ) Rs wit ; 
g 189 
Geological Survey Department, Suva, Fip Bulletm 8 The Geology of 
the Tavua Area, Viti Levu, (Viti Levu Sheet 1) By P Ibbotson Pp 1v+25 
5s Economic Investigation No 2 Wasmivesi Zine Property, Taillevu— 
Diamond Drilling, 1961-62 By P Rodda Pp iv+12 (Suva, Fy: Geo- 
logical Survey Department, 1962 and 1968 ) [189 
Comptes Rendus des Travaux du Laboratoire Carlsberg Vol 88, No 4 
Investigations on Mitochondria m Homogenates of the Amoeba Chaos chaos 
L By Nils Andresen and Charles W Mushett Pp 265-287 4 kr Vol 33, 
No 5 Normal Versus Synchronized Division in 4 etrahymena pyrtforme— 
a Study with Antimetabohtes By G G Holz, Jr, L Rasmussen and E 
Zeuthen Pp 288-300 8 kr Vol 33, No 6 A Freeze-Drying Procedure 
for Protozoa By K K Hjelm and K Max Meller Pp 301-317 8 kr 
(Copenhague Danish Science Press, Ltd , 1963 ) {189 
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The ‘Mistral 6L" ts developed from the 
gm MSE “Major Refrigerator” Centrifuge — 
” \ famous throughout the world for its 
dependability and performance. 









General Purpose Refrigerator Centrifuge 


The MSE “MISTRAL 6L” represents 
an outstanding advance in design 
and performance of large capacity 
refrigerator centrifuges. It incorporates 
the following new features of great 
practical importance to the user: 





GD $03 


4x1250 ml and 6x1000 mi Swing-out Heads up to 2,500 r p.m. 
Wide range of other Swing-out and Angle Heads for large 
numbers of smaller bottles and tubes at high speeds. 
Exceptionally fast acceleration to top speeds 

Electronic speed pre-selection and control. 

New type of drive mounting giving vibration-free running, 
even with some imbalance 

Compact and space saving—~33” (84cm) wide, 33” (84cm) 
front to back. 

Stainless steel bowl and working-top lid. 


For full details please write to: 


MEASURING & SCIENTIFIC EQUIPMENT LIMITED 
Spenser Street, London, S.W.1, England Telephone: ViCtoria 5426 
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CLASSIFIED ADVERTISEMENTS 


are charged at 12s for the first Ime and 
6s per line thereafter Lines m capitals or 
containme words m capitals 12s per ime 
Semi-displayed £4 16s per single column 
inch Colour (orange) €15 extra Is is 


charged for the re-cirection of replies to 
advertisements with a box number 


ADVERTISEMENTS SHOULD BE 
ADDRESSED TO T G Scor and Son, 
Limited, t Clement's Inn, Strand, London, 
WC2 Telephone HOLborn 4743 Tele- 
grams Textualist, Estrand, London 





APPOINTMENTS VACANT 





UNIVERSITY OF MANCHESTER 


Applications are invited for the post of Lec- 
turer yn Physics im the Department of Physics in 
the Faculty of Science The research interests of 
appheants should he ain the field of organic 
Molecular physics, in which the Department has 
an active programme Duties to commence as 
soon as possible Salary scale £1,250 to £2,150 
per annum, tnitial salary according to qualifica- 
tions and expenence Membership of FSS U 
and children’s allowance scheme Applications 
should be sent not later than December 1, 1963, 
to the Registrar, The University, Manchester, 13 
from whom further particulars and forms of 
application may be obtaimed 

Applications, by air mail tetter In the first in- 
stance, will be received from overseas candidates, 
who should state the names and addresses of at 
as three persons to whom reference can be 
made 


NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


Assistant Experimental Officer required for a 
programme of research on the biochemistry of 
lupids and their possible significance tn cardio- 
vascular degeneration in expemmental animals 
The officer will be required to assist with tech- 
niques such as gas chromatography and rado-gas 
chromatography Qualifications pass degree or 
HNC or, xf under 22, GCE “A” level (pre- 
ferably m chemistry and zoology), ONC. or 





equivalent Starting salary £490 (age 18) to £858 
{age 26), scale maximum £1,053 Pension 
scheme 


Apphcation forms from Secretary, NIRD, 
Shinfield, near Reading, quoting ref 63/N/13 


SCIENTIFIC FELLOWSHIPS IN 


EUROPE 

The CIBA Fellowship Trust (which was 
founded by the CIBA Compames of Great Britain 
for the purpose of improving and increasing the 
interchange of ideas between scientists m the 
United Kingdom and on the Continent) will 
award a number of CIBA Fellowships to enable 
graduates of Universities of the UK, Northern 
Ireland and Etre (who may be at present e:ther at 
a University or m imdustry) to carry out re- 
search at Continental Universities in chemistry, 
physics or some other allied scientific subject 
“These Fellowships (of a basic value of £600 for 
pre-doctoral and £900 for post-doctoral Fellows, 
plus appropriate additional allowances depending 
on place of study, ete) will be tenable for at 


x least one year, with the possibility of renewal 


„for a further one or two years, and will be 


-awarded in Apni, 1964 

Those interested should write to the Secretary 
-of the CIBA Fellowship Trust, CIBA United 
Kingdom Limited, 96 Piccadilly, London, W 1, 
-who wil provide full details and application 
-forms The closing date for applications ` is 
January 15, 1964 


COMMONWEALTH AGRICULTURAL 
“Bureaux Applications are invited for the post 
of Scientrfic Information Officer at the Common- 
wealth Bureau of Plant Breeding and Genetcs, 
-Cambridge Work includes the abstracting and 
reviewing of biological Iiterature Apphcants 
Should possess a botanical or agricultural degree, 
the ability to write correct English and preferably 
a knowledge of one or more foreign languages 
“Salary £791 to £2,061 Starting salary according 
to age, qualifications and experience Increments 
‘up to two years granted for completed years of 
compulsory Nationa) Service and two further 
mecrements after two years’ satisfactory service 
“for applicants aged 32 or under at date of ap- 
poimntment Provision for superannuation —Ap- 
plications, stating age, qualifications and other 
particulars and names of referees (work and 
character), should be submitted by December 3], 
1963, to the Director of the Bureau, School of 
Agriculture, Cambridge 
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Scientific Civ 


SCIENTISTS IN 
GOVERNMENT SERVICE 


The following are examples of existing 
vacancies, which may be filled at SCIEN- 
TIFIC OFFICER or SENIOR SCIEN- 
TIFIC OFFICER level 

CHEMICAL INSPECTORATE, Woolwich, 
London—Chemists with interest or experi- 
ence ın analytical chemistry including 
MODERN INSTRUMENTAL METHODS 
EXPLOSIVES RESEARCH AND DEVEL- 
OPMENT ESTABLISHMENT, Waltham 
Abbey, Essex —Chemical Engimeer to lead 
a small team ın the study of conveying and 
metering FLOWS OF MATERIALS, par- 
ticularly sohds, the mixing of PASTES 
AND POWDERS, the growth = of 
CRYSTALS and the design of FURN- 
ACES for special purposes (Semor Suen- 
tific Officer only) 

POST OFFICE RESEARCH STATION, 
Dollis Hull, London—For fundamental 
work on the detection and measurement of 
weak electromagnetic signals for several 
fascinating applications (including SATEL- 
LITE COMMUNICATIONS) at low and 
room temperatures in the frequency range 
from near zero to 10 gigacycles per second 
FISHERIES EXPERIMENT STATION, 
Conway—Biologist to develop culture 
methods for MOLLUSCA and CRUST- 
ACEA, with special responsibilty for 
hatchery reanng of prawns and ‘other 
crustacea 
GOVERNMENT COMMUNICATIONS 
HEADQUARTERS, Cheltenham, Glos -—~ 
Mathemancians for computer apphcation 
and programming and for COMBINAT- 
ORIAL AND STATISTICAL RESEARCH 
There are many other vacancies in most 
screntific disciplines Recruitment by the 
Civil Service Commussioners 15 to perman- 
ent and pensionable posts 

INQUIRIES TO Civil Service Commission, 23 
Savile Row, London, W 1, stating age and 
quah fications 


FORESTRY COMMISSION 


ALICE HOLT RESEARCH STATION, 
Farnham, Surrey 

ASSISTANT FOREST PATHOLOGIST 
(male) required for research and advisory 
duties on Tree diseases Permanent, pen- 
sionable post graded Scientific Officer? 
Sentor Scientific Officer QUALIFICA- 
TIONS First- or second-class honours de- 
gree in forestry or biology with expenence 
of plant pathology and mycology 

Further information about the duties 18 
available from the Director at above 
address 

APPLICATION Forms from Civil Service 
Commission, 23 Savile Row, W 1, quoting 
$/52-53/AH Early application advised 


D.S.LR. 


BUILDING RESEARCH STATION, 
Garston Watford, Herts ! 
PHYSICIST OR ENGINEER (graded 
SCIENTIFIC GFFICER/SENIOR SCIEN. 
TIFIC OFFICER) to undertake fundamen- 
tal study (in parallel with fleld studies of 
wear and the development of abrasion test- 
ing machines) of processes of abrasion of 
brittle and visco-elastrc matenals under 
conditions of high stress and at high rates 
of strain 

APPLICATION Forms from Director at above 
address Closing date November 26, 1963 
HUMBER LABORATORY, 

Holl, Yorkshire 

ASSISTANT EXPERIMENTAL OFFICER 
to jom small team in bacteriology section 
concerned mainly with estimation of quality 
of fresh and processed fish QUALIFICA- 
TIONS If over 22, degree, Dip Tech, or 
HNC in Chemistry Knowledge of bac 
teriological techniques required 

APPLICATION Forms from Director, Torry 
Research Station, Aberdeen Closing date 
November 26, 1963 
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ROYAL NAVAL SCIENTIFIC 


SERVICE 

SENIOR SCIENTIFIC OFFICERS and 
SCIENTIFIC OFFICERS 

(1) ADMIRALTY SURFACE WEAPONS 
ESTABLISHMENT, near Portsmouth 
Quahfications* preferably first- or second- 
class honours degree m MATHEMATICS, 
PHYSICS or ELECTRICAL ENGINEER- 
ING for research and advanced investiga- 
tions mto RADIO COMMUNICATION 
and RADAR TECHNIQUES, assessments, 
computers and data handing The work 
is mtended to lead towards future radar 
and radio weapons systems Expenence in 
one or more appropmate fields expected 
(2) ADMIRALTY COMPASS OBSERVA- 
TORY, Slough 

Qualifications preferably first- or second- 
class honours degree in PHYSICS or ELEC- 
TRICAL ENGINEERING, interest in 
INERTIAL NAVIGATION SYSTEMS, 
experience m this field or in light electro- 
mechanical servo-mechanisms, digital com- 
puters or data handling, with special refer- 
ence to real-time computation 
EXPERIMENTAL OFFICERS and 
ASSISTANT EXPERIMENTAL 
OFFICERS 

Vacancies in Portsmouth, Weymouth and 
West London areas for work on Radio, 
Radar, Computers, Data Handling, Sonar, 
and Inertial Navigation systems Previous 
experience and imterest im one or more of 
the subjects hsted ıs essential 

Appiy to Superintendent of Screntific Per- 
sonnel, Admealty, Empress State Huriding, 
London, S W6 


MINISTRY OF AVIATION 


ROYAL AIRCRAFT ESTABLISHMENT, 
Farnborough and Bedford 
PHYSICISTS, ENGINEERS AND 
MATHEMATICIANS (SENIOR SCIEN- 
TIFIC OFFICERS) for research, develop- 
ment and design work having wide appli- 
canon ix CIVIL AND MILITARY AVIA- 
TION and GUIDED WEAPONS 

Subjects being studied include satellite de- 
sign and instrumentation , guidance systems 
and servomechanisms, inertial navigation , 
magnetogasdynamics , hypersonic and super- 
some aerodynamics , high-speed computing , 
blind landing , electronics and semi-conduc- 
tors , aircraft and spacecraft structures, etc 
QUALIFICATIONS First- or second-class 
honours degree or equivalent and at least 
three years’ postgraduate experience 
Werte for booklet and application form to 
Dr M J Lighthil, F R S, Director, Royal 
Axreraft Establishment, Farnborough, Hants 


SPECS ESERIES PE | IE | ES POE ATE TTD 
SCIENTIFIC OFFICER/SENIOR 
SCIENTIFIC OFFICER 
SALARIES SO £791-£1309 

(Increments and specal £°5 award for 

approved post-grad experience) 

SS O £1438-£1772 

(Starting salary may be above minimum} 
Salaries are supplemented in the London Area 
QUALIFICATIONS 
so: ist or 2nd Class Hons Degree or 
Dip Tech in appropriate subject 
Age under 29 > 
As above plus at least 3 years post- 
graduate research Age 26 to 3} 





ASST. EXPERIMENTAL 

OFFICER/EXPERIMENTAL 

OFFICER 

SALARIES AEO £490 faze IB) - £69] 
(age 22) - £858 {age 26) — £1053. 
E.O £1164-£143! 

Salaries are suppiemented in the London Area 

QUALIFICATIONS ° 

Degree, Dip Tech , HNC or equivalent 

IN appropriate subject Under age 22, 

minimum qualification ts 2 G C.E ‘A’ levels 

in Scientific subjects, AEO age 18-27. 

EO 26-30 
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Full details of careers in the SCIENTIFIC CIVIL SERVICE are available 
on request from Civil Service Commission, 23 Savile Row, W | 
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Return to 
Research in Britain 


Are you a British scientist in the U.S.A. thinking of 
returning to work in Britain? You may find what you 
are looking for, without having to go home first, in the 
Civil Service, the United Kingdom Atomic Energy 
Authority, or the Central Electricity Generating Board. 


Research Fellowships and Permanent Appointments 
There are openings in all branches of science. The 

order in which they are most numerous is (i) physics, 
mathematics, engineering, and metallurgy; 

(ii) chemistry and biochemistry; (iii) biology. The 
research ranges from the most fundamental to the 

most applied. 


A selection board of scientists will be coming to 
Washington, New York and San Francisco from 
March to May, 1964. If you would like an appointment 
with them, would you write by 31st January, 1964, to: 
Dr. J. A. Saxton, Director, United Kingdom Scientific 
Mission, British Embassy, Washington, D.C. 


issued jointly by the Civil Service Commission, 
the U.K. Atomic Energy Authority, and the Central Electricity Generating Board 
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IMPERIAL CHEMICAL 
INDUSTRIES LIMITED 
PLASTICS DIVISION 


DEVELOPMENT PROJECTS... 
TECHNICAL SERVICE 


MEN of diverse skills required for process and application 
development projects covering a wide range of plastics, 
and for technical service posts in support of sales 


QUALIFICATIONS: preferably good honours degree in chemistry, 
physics, or chemical engineering, or proven ability 
and experience Age range 23 to 33 


EXAMPLE: Physicist, preferably with research degree, required 
to play leading role in small team studying rheology 
of polymer melts Work will range from laboratory 
studies to application on full scale extruders and 
moulding machines , opportunities for making funda- 
mental advances in knowledge and for their transla- 
tion into improved techniques and equipment 


LOCATION: Welwyn Garden City 


Apply briefly to 
The Personnel Manager, 
Imperial Chemical Industries Limited, 
Plastics Division, Welwyn Garden City, Herts, 
quoting Reference A 5100 


PRODUCT DEVELOPMENT 
SCIENTISTS 


with B.Sc. (Honours), Dip.Tech. or Grad.R.LC. 


Vacancies exist for scientists capable of Product Research and 
Development ın the four Unilever Research Laboratories at 


COLWORTH HOUSE, BEDFORDSHIRE 
for human foods and animal feedstuffs 


ISLEWORTH, MIDDLESEX 
-~for toilet preparations 


PORT SUNLIGHT, CHESHIRE 
—for soaps, detergents, chemicals and adhesives 


WELWYN, HERTFORDSHIRE 
-for edible oils, margarine and ice-cream 


Successful applicants will earn salaries of at least £900, with 
generous increments for post-graduate experience If you wish 
to contribute to research of immediate relevance to industry, 
please contact 


STAFF OFFICER (REF RHS/IA), RESEARCH DIVISION, UNILEVER 
HOUSE, LONDON, EC 4 


Mj UNILEVER RESEARCH 





November 16, 1963 





ST GEORGE'S HOSPITAL 
LINCOLN 
COUNTY MEDICAL PHYSICS 
DEPARTMENT- 


Applications are invited from both young men 
and women for the following posts m the Medical 
Physics Laboratory 

(a) Technician Candidates should have a good 
school record with passes m Physics and Mathe- 
matics at * O” level of the GCE and ONC 
m Applied Physics or Inter-BSe or City and 
Guilds Intermediate or a qualification equivalent 
Salary scales £630 rising to £785 per annum 

(b) Technician-in-training Candidates should 
have a good school record and studied for ‘A” 
level of the GCE m Physics and Mathematics 
Salary according to age, between £310 per annum 
and £520 per annum 

Further mformation can be obtained from the 
Physicist-in-charge Applications, giving full par- 
ticulars of education, etc, together with the 
names of two referees, should be addressed to the 
Secretary, as soon as possible 


UNIVERSITY OF OXFORD 
UNIVERSITY LECTURESHIP IN 
PHYSIOLOGY 


The University proposes to appoint, with effect 
from October I, 1964, a University Lecturer m 
Physiology Some preference may be given to a 
candidate with interests in the general field of 
body fluids and electrolytes 

Stpend in the scale £1,250 (under age 28) to 
£2,285, or, if medically qualhfied, £1610 to 
£2,450 Children’s allowances of £50 per annum 
for each child, and FSS OU Three copies of arp 
pleations, with the names of two referees, by 
January 31, 1964, to the Administrator, Depart- 
ment of Physiology, South Parks Road, Oxford, 
from whom further particulars can be obtained 

The lIectureship can be held jointly with a 
college Fellowship and the attention of applicants 
is drawn to the vacancy for a Fellow in Physio- 
logy at St Catherme’s College, Oxford 


ST CATHERINE’S COLLEGE 
OXFORD 
FELLOWSHIP IN PHYSIOLOGY 


The College proposes to elect to an Official 
Tutorial Fellowship im Physiology to be held in 
conjunction with a University appointment The 
person appomted will be expected to take up his 
duties from October 1, 1964 

Further particulars may be obtained from the 
Master, St Catherine’s College, Oxford The 
attention of applicants is drawn to the adveruse- 
ment for a University Lecturer in Physiology 


KENYA GOVERNMENT 


Zoologist required by the Veterinary Depart- 
ment for the supervision of routine helmuntho- 
logical diagnosis, research on problems of helmun- 
thiases of livestock especially the bionomics of 
nematode and trematode infestations Candi- 
dates should possess an honours degree in zoo- 
logy and research or other expenence in parasito- 
logy or a higher degree m zoology ts desirable 
Appomtments on contract for two tours of two 
years each tour with gratuity (taxable) of 25 per 
cent of total emoluments on satisfactory com- 
pletion Salary scale £1,266 to £2448 a year, 
Starting salary depending on expenence , taxation 
at local rates Government quarters at low ren- 
tal generally avaiable, :f not available a housing 
allowance 18 payable Free return passages for 
officer, wife and dependent children Approxi- 
mately fourteen weeks home leave on full pay 
after each tour, annual local leave of sixteen 
days also granted Educational allowances at 
varying rates 

Apphcation should be made to Director of Re- 
cruitment, Department of Technical Co-operation, 
Eland House, Stag Place, London, SW 1, 
(Please quote RC 217/80/06 and state full name ) 














ROYAL VETERINARY COLLEGE (UNI- 
versty of London) Academic Postgraduate Dip- 
ioma m Animal Health Applications are m- 
vited from veterinary surgeons for a newly estab- 
lished post of Semor Lecturer Candidates should 
have had wide experience of animal health hus- 
bandry and preventive medicine and have specal- 
ized knowledge of one of these fields The suc- 
cessful candidate will be required to organize 
and develop a course of instruction for post- 
graduate students registered for the above 
Diploma Salary scale £2,025 nsing by annual 
increments of £75 to £2,400 and then by one 
increment of £50 to £2,450 plus £80 London 
allowance Initial salary within the scale accord- 
img to experrence and qualficatons FSSU, 
and children’s allowance —Apphcation forms and 
further particulars may be obtained from the 
Secretary, the Royal Veterinary College, Royal 
College Street, London, NW 1, and should be 
returned not later than December 31, 1963 
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HIGH SENSITIVITY 
PESTICIDE ANALYSIS on 


on a Packard Gas Chromatograph 4 


DIELDRIN 


HEPTACHLOR 
EPOXIDE 


ortho para DDT 





Routine determination in the parts/billion range, plus EXPERIMENTAL CONDITIONS: 
extreme versatility and speed of analysis recommend SAMPLE—2 microliters COLUMN: 5’ x %" all glass 
the Packard Model 7508 Gas Chromatograph to re- of hexane solution LIQUID PHASE: 10% Dow 
search workers in the biochemical and biomedical comanma å Corning Silicone Fluid 
disciplines. Lindane .25 x 10 ' gm. (DC200) ; 
l Heptachior .5 x 10-9 gm, SUBSTRATE: 60-80 mesh 
Chromatograms of pesticide analysis (above) dis- Aldrin .5 x 10-9 gm Chromosorb W (acid and 
play clearly defined peaks to indicate the instrument's Heptachlor Epoxide base washed) 
high sensitivity to trace amounts. Advanced electron- . os 10 ea l CARRIER GAS FLOW RATE: 
ics embodied in the digital temperature programmer, w sip DDT A em. 120 cc Nitrogen/min. 
; ; ortho para DDT & INLET HEATER TEMP.: 225°C 
proportional temperature control, electrometers, and para para DDT $ 
w 25 y 10-9 om COLUMN TEMP.: 190°C 
high voltage supply modules extend the capability of 3 X gm. DETECTOR TEMP.: 195°C 
-à J. 
7 0 
Model 7508 to every area of gas chromatography. The | OUTLET TEMP.- 200°C 


Dual Column Oven which may be operated in iso- 
thermal or programmed modes, accepts any of five 
dual plug-in detectors. Columns and detector assem- 
blies may be lifted out of the oven to permit changing 
or making connections outside heated oven area. 

Your Packard Sales Engineer can provide complete 
details and performance criteria. Write for Bulletins 
and Specifications. 


DETECTOR: Packard Electron 
Capture with 150 millicurie 
Tritium Source 

ELECTROMETER RANGE: 

3 x 10°? amperes full scale 
DETECTOR VOLTAGE: 50 
NOISE LEVEL: 3x 10" 

amperes 

CHART SPEED: 30 inches /hou¢ 





p o PACKARD INSTRUMENT LTD. 
ackar 10-12 ST. JOHNS ROAD * WEMBLEY, MIDDLESEX, ENGLAND 
TELEPHONE: WEMBLEY 3504, 3505 
ALSO IN: FRANKFURT, PARIS, STOCKHOLM, AND ZURICH 


Æ a iya 
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BECK |. optical and scientific instruments 


n 






CRAFTSMANSHIP s 


The discriminating eye sees too few examples 
of true craftsmanship these days, but a Beck 
instrument is always a joy to see and to use! At 
R. & J. Beck the traditional skills of the glass 
worker and instrument mechanic are co-ordinated 
with the latest manufacturing techniques to meet 


tomorrow’s demands for scientific equipment of As makers of precision optical equipment - 
ultra-precision and super-efficiency; as typified in for more than a century Beck have been 

the photograph above showing two generations of associated with many notable scientific 

Beck craftsmen examining the world’s most developments. Our research technicians 

advanced optical bench. For details of our compre- are continually working on new and im- 

hensive range of optical benches send for catalogue proved instruments. Keep your eye on 

Section T. Beck! 

BUSHEY MILL LANE. WATFORD © HERTS 





Telephone: WATFORD 42261 
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REGD, TRADE MAAK 


d VOSE pure fused Silica 


si : FILTERING AND IGNITION 
pe | CRUCIBLES AND DISCS 





A sintered quartz disc, carefully tested 
for both pore size and rate of filtra- 
tion, to conform to British Standard 
Specification, is fused to the base of 
each crucible. Filtering, ignition and 
weighing are all carried out in the 
same vessel to ensure maximum analy- 
tical accuracy. Price List on request. 


THERMAL SYNDICATE LTD. 


P.O. Box No. 6, WALLSEND, NORTHUMBERLAND. Tet Wallsend 62-3242/3 
LONDON: 9 BERKELEY STREET, W.1 Tel.: Hyde Park 1711/2 


all BRITISH 
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ANTI-CANCER AGENTS 








HIGH VACUUM 


NATURE- 
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Silent Sentinels... 


SPEEDIVAC 
MAGNETICALLY CONTROLLED 
VACUUM VALVES 


The smooth functioning of an automatically 
controlled vacuum system is largely dependent on 
the quality and efficiency of the magnetically 
controlled valves incorporated. The “ Speedivac " 
range is one you can trust implicitly. Sizes range 
from +” up to 2” bore and all except the 2” mode! 
can be supplied as either isolation, or isolation with 
air admittance valves. 


CRAWLEY 


— OH 


—N=N 


1, 2 Dimethyl 4 (p Carboxy Phenylazo) 
5 Hydroxy Benzene 


Crawley 28844 


-Cli 


=Ci 


1,2 Dichloro 4 Benzene Sulfonamido 5 Nitro Benzene 


A mixture of 1, 2 Dimethyl 4 (p carboxy phenylazo) 5 Hydroxy Benzene (CPA) and 
1, 2 Dichloro 4 Benzene Sulfonamido 5 Nitro Benzene (DCBN) when fed to mice 
of the SPFS strain bearing spontaneous mammary cancers, cured permanently about 


one third of the animals. 


The investigators adjudged the permanency of 
the cure of the cancers when the neoplasm 
decreased in size, disappeared and remained 
undetectable for at least 5 months.('). 


The maximal number of cures was obtained with 

6 grams of CPA and 0.5 grams of DCBN per kilo 

of ration. This represents the first case of the 
` cure of such cancers by any chemical agent. 





These biochemicals were conceived on the basis 
of a demonstration that spontaneous cancer dit- 
fered from normal host tissues in that they syn- 
thesized vitamin By, >. 


Previously it was demonstrated that certain spon- 
taneous mammary cancers of mice differed from 
normal mouse tissues in that cancer cells syn- 
A thesized Vitamin B: (7) (7). This metabolic dit- 


terence allowed the prediction and the realization 


of antimetabolites poisonous to the cancers that 
are harmless to the host mice (*) (°). 


These new anti-cancer agents, (CPA) and (OCBN) 
are members of a series of antimetabolites which 
have been shown to inhibit biosynthesis of Vita- 
min Bız in microorganisms. It was reported that 
these biochemicals demonstrated no detectable 
harmful effects on the host mice as the dosage 
used to bring about the desired results. 

CPA and DCBN are available on 24-hour delivery 
basis anywhere in continental USA. Call 216-662- 
0212 or write Nutritional Biochemicals Corpo- 
ration, 21010 Miles Avenue, Cleveland 28, Ohio. 
All chemicals described are for chemical and investigations! use 
Only, They ere not offered for clinical of drug use. The literature 
relurence should not be interpreted +s either en endorsement or 
dnapproval of the biochemical by the cited investigator. 

(') 0, W. Woolley and J. M. Stewert, Biochem. Pharm. 11,1163, (1962). 
i7) D. W. Woolley, Proc. Nat Acad. Sch Wash. 39, 6 (1959), (1) D. W., 


Woaliey, ihid, 41, 112, (1995). (*) D. W. Woolley, Cancer Res. 13, 327. 
(953). (*) D, W. Woolley and G. Schatiner, Ibid. 14, 802, (1954), 


` 


100 gram bottle, gram $ .95 
SO gram bottle. gram $1.03 


CPA OCBN 


10 gram bottle. gram $1.10 
5 gram bottle, gram $1.20 


100 gram bottle, gram $1.25 
50 gram bottle, gram $1 35 
10 gram bottle, gram $1 45 
5 gram bottle, gram $1.60 





NUTRITIONAL 
BIOCHEMICALS 
CORPORATION 


21010 Miles Avenue + Cleveland 28, Ohio 


Send for our free Novernber 1963 catalog 
containing more than 3000 items. Fill our 
coupon and mail today for your copy. 


city 
STATE 








SECOND CLASS POSTAGE PAID AT NEW YORK POST OFFICE, N.Y. 






NATURE 


SATURDAY, NOVEMBER 23, 196: Vol. 200-025 yt, 


























CONTENTS 


E AND THE METAMORPHOSIS OF GOVERNMENT © 0/6 tt tt 


ue N: VL picar Epucation. By C. E. Engel 
A‘ NG Foon HABITS. By Prof. John Yudkin : 
‘Tae YARD Usir or LexorH. By P. H. Bigg and Pamela Aon 





Oravin , 

Dr. Granam P. DuSsanz. By Dr. Dael Wolfe . l ; . i ; ; 
Dr. Don E. Evius. By Dr. L. J. Bruce-Chwatt j ; SORE ra 
Mr. Doveras P.R. Petrie. By Dr. T. E. Allibone, C. B.E., F RS 








Neve AND VIEWS 















eS Tam GEOLOGICAL SOCIETY OF AMERICA, 1888-1963 
PREPARATION AND PUBLICATION OF GEOLOGICAL JOURNALS. By G. Y. Craig. 
Coat PETROGRAPHY. By Dr. D. G. Murchison 
EXPLORATION OF THE SEA. By H. B. Milner 
Tue Rowerr RESEARCH INSTITUTE. By Prof. W. O. Kermack, F R, S. 
Tan Meprcar Researcu Counci. By Dr. G. Lapage 
TE. By Prof. J. S. Rowlinson and Dr. E. R. Buckle y oe 
ation or PKP. By Dr. R. D. Adams and M. J. Randall o 
TABILIZATION OF AN OPTICAL MASER. By Dr. W. R. C. Rowley and es 
Wilson. ; ; ; ; ie oo 
NSITY AND PRESSURE BROADENING OF THE 2- 53- MILLIMETRE WAVE-LENGTH - 
IPTION LINE. ‘By A. E. Schulze and C. W. Tolbert . c a 
AY OF Anrimony-124. By A. Reehere Rao, V. Lakh narayana 
Swami Jnanananda i 5 
( FOR THE DIRECT ACTION OF Jota RADIATIONS, By ier Braz 
OPRENOIDS. By Wesley E. Shelberg and James F. Pestaner ; :. Wesle 
er s, James F. Pestaner and Richard Y. Yahiku . ‘ oe i 
IRRADIATION ON SUSCEPTIBILITY OF CELLS TO TRANSFORMATION BY ; Pouvoma Z 
3s. By Prof. Michael Stoker . l ; : : ig, ae ee E 
nostin “PRIPHOSPHATE-DEPENDENT REDUCTION OF NICOTINAMIDE. AOE Di. a 
“NUCLEOTIDE BY FERRO-CYTOCHROME C IN CHEMOAUTOTROPHIC BACTERIA. -By Dr. 
M. EH. Aleem, Dr. H. Lees and Dr. D. J. D. Nicholas . : ce ee 
vivo DESTRUCTION or EXOGENOUSLY APPLIED INDOLYL-3-ACETIC Acw AS INFLUENCED ae 
ALLY OCCURRING PHENOLIC ACIDS. By Dr. M. H. Zenk and G. Miller. | 
: F ADRENALINE AND ANTI-ADRENALINE Compounns ON PLATELETS i 
. J.R: O'Brien... er — er 































































SP.600 with 


MICROCELL ACCESSORY AND TEST TUBE 





The Unicam SP.600 Visible Spectrephotometer is now 
available with the SP.625 Autocell Accessory: a unit 
‘which greatly reduces sample handling time, Also avail- 
able is the SP.649 Power Supply Unit. This replaces the 
dry batteries normally supplied and provides an all- 
Mains operation. | 


_ These latest developments, together with the SP.680 
_ Microcell Accessory and the SP.630 Test Tube Holder, 
make the SP.600 Spectrophotometer the most versatile 
instrument for all absorption measurements in the 
region 360-1000 Mu. 
















The Autocell, Microcell and Test Tube Accessories 
re easily interchangeable and each is designed to fit 
© the cell well of the main instrument—no special 
fitting arrangements are necessary. 




















` The new Unicam Autocell provides a completely auto- 
matic means of filling and emptying the special sample 
„~ cell. One control is provided (see illustration above) and 
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the operator can fill and empty the sample cell without 
any risk of cell breakage, sample spillage or contamina- 
tion. This speeds analysis and greatly improves accuracy 
and reliability. The minimum sample volume required is 
5 ml. Tests have shown that less than 1 per cent of 
sample volume remains after emptying. The sample 
comes into contact only with fine bore polythene or 
stainless steel tubing. 


SP.649 Power Supply Unit — 
The Power Supply Unit has been designed to replace 
both H.T. dry batteries and can be easily fitted to every 
SP.600. It will appeal to those who require the extra 
convenience and reliability of an all-mains operated 
instrument. The unit consumes less than 5 watts and. 
its output is unaffected by mains voltage fluctuations of 
+124 per cent. g 





Full information on the SP.600 and its accessories wi 
gladly be sent on request. 7 a ee 
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STELLAR INTERIORS 


Volume 6 ~ The International Astrophysics Series 
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The main difference which distinguishes this book from others 1s the stronger emphasis 
placed by the authors on the basic problems of stellar constitution as distinct from the 
problems of stellar evolution, the latter being much more open to question and subject to 
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The Improved Type 


This instrument, in its modern styling, still Pu Ufrich 
embodies the requirements laid down by Retractom eter 


‘ 
+ 44 * 
v i < 
keron Fi gr 


Mr. Guild of the National Physical Labora- 
tory and the advice of research workers in 
various laboratories. 


sk CAN BE SUPPLIED WITH A DIFFERENTIAL 
CELL COMPLETE WITH COLLIMATOR AND 
SLIT FOR MEASUREMENT OF REFRACTIVE 
INDICES OVER THE RANGE | 26 TO 1 95 


The interchangeable prisms, each covering a 
recommended range of refractive index, are of 
60° refracting angle and are mounted in individual 
water jackets 





Please ask for Details ‘N’ 
We are the sole distributors in the UK of Schott 


Monochromatic Interference Filters R g ; : 





7! HORNSEY RISE, LONDON, N.I9 PHONE: ARCHWAY 2270 


No 4908 


November 23, 1963 


NATURE 


719 


SCIENCE AND THE METAMORPHOSIS OF GOVERNMENT 


To background paper*, which examines the lmks 
between scientific research and economic growth and 
discusses the implications of those relations for the 
policies for science adopted by the member countries of 
the Organization for Economie Co-operation and Develop- 
ment, was prepared at the request of the Commuttee for 
Scientific Rosearch for the Mimisterial Meeting on Science 
in Paris durmg October 3-4, and covers much ground m 
common with the report on Science and the Policies of Gov- 
ernmenis T, m which the meeting of Mmusters for Science 
was specifically recommended (see Nature, 200, 199, 1963) 
The latter report, prepared by an ad hoc Advisory Group 
on Science Poley appointed by the Secretary-General of 
the Organization, discusses the implications of science 
and technology for national and mternational affairs. It 
was, n fact, intended to stumulate the discussions at the 
meeting recommended on national science policy, mter- 
national scientific co-operation and on the role of the 
Organization 1tself ın furthermg the development of 
scientific policies which could contribute effectively to 
economic growth It ıs concerned with outhning the 
factors involved, including the extent to which the 
development of a sufficient supply of trained manpower, 
mcluding managers, effective communications and statis- 
tics and the like were contributory factors 

This background paper deals more specifically with 
economie aspects of scientific research and seeks to display 
some of the directions m which further knowledge 1s 
desirable It 1s more detailed than the report from the 
Advisory Group on Science Policy, and, while it insists 
on the importance of scientific research as a contributory 


factor m economic growth and on the necessity for a 


sound balance between investment ın real capital and 
investment m the advancement of knowledge, 1t 1s careful 
not to claim too much Readers will be struck by the 
extent to which the argument follows that developed in 
two successive presidential addresses to the Brivsh 
Association for the Advancement of Science. mvestment 
in science and mvestment m man (see Nature, 195, 875, 
1962, 199, 877, 1963) They will also note the admission 
that ıt 1s stil mmpossible to estimiate with any precision 
the return on mvestment m research and development, in 
the form of increased output The evidence is there of a 
connexion, but all the factors of economic growth are 
intimately mterrelated, and while the paper 1s concerned 
prmarly with the contribution from the advance of 
knowledge 1+ does not neglect other aspects It pomts 
out, moreover, that the avaiable stock of knowledge does 
sot a lmit on economic growth, particularly ın countries 
which are already usmg the most advanced techniques, 
and also that there are grounds for believing that, ın a 
market economy, the allocation of resources to the 
advance and spread of knowledge tends to be below the 
level reqmred for the most efficient long-term growth of 
the economie system as a whole Further, there are social 
and welfare benefits from the advance of knowledge which 


* Organization for Economie Co-operation and Development Ministerial 
Meeting on Seience Agenda Item 111 (Background Paper)—Sczence, 
Econom Growth and Government Poley Pp 66 (Paris Organization for 
Economic Co-operation and Development, 1963 ) 

+ Organivation for Economic Co-operation and Development Scrence and 
the Pohevs of Governments The Implications of Scrence and Technology for 
National and International Affos Pp 55 (Pans Organization for Economic 
Co-operation and Development, 1963 ) 


may atfect economic growth indirectly, and formulation 
of a national research pohey should take mto account 
such non-economic objectives as well as economic ones 

Whue investment in capital equipment may be regarded 
as one immediate cause of the increase m productivity, 
that increase depends largely on the new technology built 
into new capital equipment, and this technology m turn 
is the result of research, mvention and development, 
springing in their turn largely from education m the 
widest sense of the word Attempts made to measure the 
contribution to economic growth of changes m the mput 
of the principal factors of production usually suggest that 
m mature industrial countries the rise in the eapital/labour 
ratio accounts for only a small part of the long-term 
imeieass in labour productivity, and efforts are now bemg 
made to assess quantitatively the contribution of other 
factors. , Here, ıt may be noted again that while there 18 
some evidence of a statistical association between the 
research intensity of an mdustry, as measured by the 
ratio of research activity to output, its rate of productivity 
change and its rate of growth, there is no evidence of 
causality. 

Much that is ın this paper is not new, but national 
trends are brought together at an mternational level. 
For example, the gh ratios of research and development 
expenditure to gross national product n the United States 
and Great Britain are clearly related to the gh level of 
expenditure on muibtary research and development Only 
a part of such expenditure appears to be meluded ın the 
French estimates Again it 1s emphasized that economics 
growth 1s accompanied by a transformation of the pro- 


‘duction system, m which process technical mnovation 


plays a predominant part Consequently, the relative 
growth of the manufacturmg sector within the economy 
usually entails a rise m the research ratio. There also 
now seems to be a general tendency towards mcreased 
research and development expenditure in all industries 
because of the introduction of new equipment, materials 
and methods affecting all types of production The pattern 
of industrial growth has become increasmgly complicated 
and there seem to be strong technological, economic and 
social forces tendmg to create a similar mdustrial pattern 
for research and development irrespective of national 
peculiarities 

Empirical evidence on the relation between monopoly 
and research 1s inconclusive, and the paper suggests that 
tho attrtude of management may be much more important 
than the particular competitive situation of the firm. 
Furthermore, many of tho returns on research and 
development mvestment may be social and cannot be 
pre-empted by the individual firm, bemg spread over all 
firms m the mdustry or even throughout the economy 
In spite, however, of the great merease ın research and 
development activity, the report concludes that there are 
good reasons for beheving that this activity 1s often still 
below that desuable for efficient and sustamed economic 
growth It seems mbherently improbable that the scale 
on which Governments supplement civil research and 
development ın sectors other than nuclear energy 1s any- 
thing lke sufficient, moreover, ıb appears reasonable to 
undertake a diversion of resources which would yield 
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greatly mcreased returns, mn terms 0 $ 
and somal progress 

This 15 the ae from which, ın contrast to the Advisory 
Group’s report, this background paper approaches the 
problem of Government policy, and in this second part of 
the survey the discussion 1s supported by a short biblio- 
graphy and some further figures comparing the finance of 
research and development by Government m various 
countries In all the countries considored, research m the 
universities draws its funds mainly from Government 
sources either by direct grants or, particularly im the 
United States, from contracts However, on the whole, 
Governments have been loath to recognize their responsi- 
bilities concerning the level and balance of national effort 
in research and development Government policies have 
evolved somewhat haphazardly, sometimes influenced by 
the special interests of Government departments and 
sometimes by lines of thought advocated m influential 
scientific circles 

Tho apparently unco-ordinated growth of research and 
development carried out or financed by Governments 18 
attributed to the mteraction of varying and sometimes 
divergent needs: ıt 1s over a multipheity of motives that 
the difficulty of formulatmg a national strategy for science 
and technology arises. The spontaneous human need for 
wider and deeper knowledge, the need to solve specific 
social problems, as m health, nutrition. atmospheric 
pollution or road safety, and the needs of national defence 
may have pomts m common with neads related to the 
promotion of economic growth, but may also sometimes 
conflict It 1s suggosted m this paper that practically 
there ıs no such thing as a science poley but rather a 
series of separate science policies aimed at different object- 
ives The real question 1s whether these different pohcies can 
be co-ordinated, or at least worked out so as to support 
each other 

Tt could, of course, be argued that this 1s a termino- 
logical quibble and that to achieve such co-ordination 1s 
in effect to formulate a scientific policy. or rather a policy 
for science and technology What hes behind 1b all 1s the 
allocation of resources and the choice of objectives as, m 
fact, ın foreign pohey, which could equally be said to repre- 
sent the summation of a series of foreign policies towards 
different countries which likewise has regard to available 
resources The pragmatic test ıs mescapable and there 1s 4 
good deal in this background paper to support the attitude 
which Lord Hailsham has consistently adopted. Pro- 
motion end co-ordination at Government-level of scientific 
research present an infinite complexity of problems which 
no group of men, however experienced. can handle 
effectively without bemg able to rely on basic and com- 
prehensive data 

These data, the paper pomts out, are often lacking, 
and ıt 1s regarded as one of the great merits of the new 
scientific councils that they have shown that no efficient 
work can be done without an overall view and without 
accurate and searching analyses of the state of scientific 
research and of the conditions for its develapment That 
touches one of the weak pomts of Lord Hailsham’s 
position, for ıt can scarcely be claimed that he has pro- 
vided sufficient drive to secure the data that are lacking 
It will be noted, too, that the paper ins:sts that the value 
of the councils on general science pohcy which a number 
of countries have already set up depends largely on the 
efficiency of the permanent departments which support 
them—staffed not only with scientists but also with 
economists, financial experts and admimustrators, and 
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competent to compile the basic data, conduct the enquiries 
and present the general synthesis and analyses needed 

This whole concept is diametrically opposed to Lord 
Hailsham’s conception of the Office of the Mmuster for 
Science and its staffing, though it should also be noted 
that the paper appears to look to the National Economic 
Development Council to co-operate with the Office of the 
Mimeter for Science in this field That, however, 18 a 
matter which raises rather large issues, both in respect of 
the place of the Council in the structure of Government 
and ın relation to Parlhament While the view could 
reasonably be held that the same staff could appropriately 
serve the Council and the Minister for Science m many 
matters m this field, there ıs rather more involved, and 
the practicability of such a proposition clearly depends 
on the views that may be taken as to the permanent 
position of the Couneil in the structure of Government 

These mmplications, which go far beyond scientific or 
even economic policy, were put fairly enough by Prof 
W J M Mackenzie in his two broadcast talks on adminis- 
trative reform early this year Prof Mackenzie fully 
recognized the decisive umportance of the Director of the 
Council and his staff and also seemed more disposed than 
Prof Brian Chapman in his recent book, British Govern- 
ment Observed (see Nature, 200, 198; 1963), to welcome 
the development So far, however, as a scientific policy 
for economic growth is concerned, some such permanent 
staff must be provided at the most appropriate pomt if 
that policy 1s to achieve the two main objectives desider- 
ated ın this background paper first, assessing the pos- 
sibilities and needs of private and puble enterprises with 
respect to research and development and definng the 
lines on which Government action is likely to be most 
effective, secondly, choosing the overall priority object- 
ives which should determine Government action 

In this context, the paper makes some comments which 
are highly pertinent in considermg the various statements 
that have recently been put forward, such as that from 
the Federation of British Industries on Covi Research 
Policy (see Nature, 199, 725, 1963) and the more recent 
statement, Labour and the Scientific Revoluton,* which 
was discussed at the Labour Party Conference at Sear- 
borough It is urged, for example, that Government, by 
an appropriate policy, can provide encouragement and 
effective aid, not only to particular enterprises or econ- 
omic sectors but sometimes to the economy as a whole 
Above all, Government policy should seek to create a 
psychological chmate favourable to research and mnova- 
tion Experience has shown that campaigns designed to 
inform and convince business enterprises of the importance 
and profitability of research are often effective ım con- 
verting even the most reticent managements to the idea 
that research is a paymg proposition Here rt would seem 
that much could be done without party polities entering mto 
it Thore is much’common ground in the ideas advanced 
in the Labour Party’s statement of policy and those to 
which Lord Hailsham has already committed himself 

“The background paper also makes the important pomt 
that the Government should never bear the entire risk ın 
development work and equally that in‘ the event of success 
the Government should share the profits It enters a 
caution as to the extent to which the considerable tax 
concessions in respect of fundamental research which 
many countries make to private enterprise are important 
the real problem 1s to enable business enterprises to 


* Labour and the Scventific Revolution (A Statement of Policy Submitted 
to the Annnal Conference of the Labour Party, Scarborough, 1963) Pp 4 
(London Labour Party, 1963 ) 
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finance apphed research and development On the role 
of education m science policy, ıt emphasizes many of the 
points which are made in the Labour Party’s statement 
and in the report from the Fedoration of British Industries, 
some of which found expression also in Sir Eric Ashby’s 
presidential address to the British Association It stresses 
also a point in regard to fundamental research thar 18 
sometimes overlooked—that the multipheity of sources of 
finance is to some extent a prerequisite for the birth of 
new idoas and should not be eliminated. 

On the priorities of a scientific policy for economie 
growth, it reiterates that the first step ıs to make as 
thorough an analysis as possible of each economic sector 
with regard to its needs for researeh and development, 
taking mto account the objectives of the economic plan 
From these sector analyses a synthetic view should be 
worked out by the bodies responsible for the co-ordination 
of scientific research, m co-operation with the economie 
planning authority and also wth industry This view would 
guide the choice of methods or forms of Government action 
and determine any necessary programmes of research and 
development, and finally lead to the decision concermng 
what research trainmg programmes are required 

This emphasis on the importance of the economic 
element ıs particularly mteresting m view of a simular 
emphasis placed on that factor ın the papers contributed 
to a symposium which have recently been published under 
the title Public Expenditure Appraisal and Control (see 
p 724 of this issue of Nature) The symposium attempted 
more particularly to demonstrate how economics can be 
employed as a useful method for gauging the efficiency of 
Government spending Several of these papers are highly 
relevant to the kind of appraisal that 1s required to-day 
in assessing the allocation of resources Taken, moroover, 
with the work of Stone and Brown at Cambridge, whose 
attempt to devise a mathematical model of the whole 
economy Dr Patrick Rivett described m his address to 
the Operational Research Society last November as 
potentially the most umportant demonstration yet made 
of what modern computing devices can contribute to the 
studv of the problems of national growth, they provide 
compelling evidence of the need to brmg much wider 
resources to the work of Government. 

The background paper ıs concerned much less than the 
report—Science and the Policies of Governmenis——with the 
actual organization required for the formulation and 
mplementation of policy, leaning to the view that the 
structure of Government in any country must reflect the 
national characteristics as well as the purposes 1 18 
required to serve What needs to be stressed at the 
moment 1s that those purposes must affect the organiza- 
tion of Government, particularly so far as science 18 
concerned, more than Britain has hitherto been disposed to 
admit Lord Hailsham’s more recent utterances seem to 
indicate acceptance of this, and ıt seems umpliert in the 
Labour Party statement without bemg elaborated Both 
also appear to recogmze the very great importance of 
investigations in applied sciences and engincermg attract- 
mg the best possible brams—as is emphasized in the 
background paper 

The Labour Party proposes to build on the experience 
of the National Research Development Corporation, 
through the creation of large Government organizations 
for applying science on a massive scale in civil industry, 
and would appear to go beyond anything contemplated 
by the group which prepared the paper on Science, 

Economic Growth and Government Policy On the other 


A 


NATURE 


721 


hand, the proposal to strengthen the scientific staff of 
Departments, such as the Post Office, the Ministry of 
Works tho Ministry of Transport and the Ministry of 
Education, seems to be much more m harmony with the 
ideas expressed in the paper It ıs also interesting to note 
the recognition that the opportunities which technological 
development offers will not be realized without a new 
climate of opmion both m imdustry and ın the nation 
genorally 

This ıs a matter of education and will reqwre more 
than the expansion of facilities for adult education and 
industrial training. The statement fully recognizes, too, 
that the Trade Umons have a crucial part to play and 
that a new mobility and readiness to change both skulls 
and jobs will be demanded For all that, the attitude of 
the Trade Unions to trade union reform as manifest at 
the Jast Trades Union Congress scarcely warrants optimism, 
but with so much ground in common ıb should not be 
impossible for the political parties to co-operate im this 
immense task of education which 1s prerequisite if the 
challenge of the scientific revolution is to be met The 
meeting m Paris of the Ministers for Science itself con- 
tributed both to the task of education and to the accurate 
assessment of the recommendations of the Robbins Com- 
mittee and the Trend Committee 


THE WORSHIPFUL SOCIETY OF 
APOTHECARIES OF LONDON 


A History of the Worshipful Society of Apothecaries 
of London 

Vol 1 1617-1815 Abstracted and arranged from the 
manuscript notes of the late Cecil Wall by the late H 
Chales Cameron Revised, annotated and edited by E 
Ashworth Underwood Pp xiv+450 (27 plates) (Pub- 
lished for the Wellcome Historical Medical Museum by 
the Oxford University Press, London, New York and 
Toronto, 1963 ) 55s 


M. A MOORE, Master of the Society, 1961-62, 

. writes in the foreword to this Hzstory “The late 
C R B Barrett published, ın 1905, a History of the Socrety 
of Apothecaries, which has hitherto done good service as a 
readable and generally available source of mformation on 
its subject It was obvious, however, that much additional 
and rmportant matter for an adequate history of the 
Society was bound to be discovered by a systematic and 
adequate examination of the great wealth of documents 
and records, which it has mevitably accumulated during 
the nearly three and a half centuries of ıts contmuous 
activity The Society was fortunate m having as Archivist 
one of its Past-Masters, the late Dr Cecil Wall When 
Dr Wall died in 1947, he left ın typescript an exhaustive 
document of more than 300,000 words, dealing with every 
aspect of the Society’s activities from its first separation, 
as a distmect ‘mistery’, from the Grocers’ Company m 
1617, down to 1ts specially mmportant period of construc- 
tive and controversial effort, ın the middle of the nineteenth 
century Dr Wall’s death, when his labours had reached 
this stage, left the Society ın some doubt concerning his 
intentions At this junction, Sir Hugh Lett, then Master 
of the Society, approached the Wellcome Trustees with 
an appeal for their assistance m dealmg with the problem 
The Trustees after exammmg Dr Wall’s material with 
expert advice from Dr Ashworth Underwood, Director of 
the Wellcome Historical Medical Museum, offered to make 
the financial provision required for such an expert re- 
arrangement, condensation, and substantial rewriting of | 
Dr Wall’s material, as would produce an authoritative 
history of the Society, m a book of the dimensions and 
character hkely to meet with general appreciation They 
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were fortunately able to enlist the mterest m this project 
of Dr Hector Charles Cameron, whose experience and 
achievéments m medical and scientific history were 
already well known The Trustees’ offer, and Dr 
Cameron’s suggested services in giving effect to it, were 
gladly accepted by the Society's Officers and the Court 
of Assistants 

“The Wellcome Trustees had further suggested, for the 
Society’s consideration, that Dr Cameron’s manuscript, 
when completed, might be submitted to Dr Underwood, 
for meclusion if acceptable m the Mam Series of Publica- 
tions of the Wellcome Historical Medical Museum, and 
this proposal, which would reheve the Society of any 
expense and trouble contingent on the publication, was 
also accepted ” 

I would merely lıke to add to the foregomg that, ın my 
view, the book would be the gamer by a colour photo- 
graph of the Courtyard of Apothecaries Hall, London, 
such as was specially pamted for the July 1954 issue of 
The Glaxo Volume by I C Moody Moreover, the pictures 
of King James I and of Francis Bacon could add to the 
value of the volume by bemg reproduced im colour 
K J FRANKLIN 


SOLID-STATE PHYSICS 


Solid State Physics 

Advances m Research and Applications Vol 12. Pp 
xvi+459 ll4s. 6@ Vol 13 Pp xv+482 103s 6d 
Vol 14 Pp xv+519 114s 6d Edited by Frederick 
Seitz and David Turnbull (New York and London 
Academic Press, 1961-63 ) 


Theory of Lattice Dynamics in the Harmonic Approxi- 
mation 

By A A Maradudin, E W. Montroll and G H Weiss 

(Sohd State Physics Advances m Research and Applica- 

tions, Supplement 3) Pp vm+319 (New York Acad- 

emic Press, Inc , London Academic Press, Ine (London), 

Ltd , 1963) 80s 


i Bers general excellence of the Soled State Physics 
series scarcely needs to be recorded. ıb can by now 
be taken for granted 

The ‘substantive’ articles in Volume 12 include a review 
by H Inokuchi end H Akamatu of electrical conductivity 
m organic crystals The conduction in such materials 18, 
of -course, not done well, and one ıs surprised—as Dr. 
Johnson would have been—to find 1t done at all It seems, 
however, that ‘organic semi-conductors’ are by no means 
rare forms of molecular crystals and that they are begin- 
ning to be understood K Mendelssohn and H M 
Rosenberg achieve the useful and apparently difficult feat 
of writing about thermal conductivity of metals at low 
temperatures m & way which ıs at once lucid, readable and 
complete Finally, G Leibfried and W Ludwig survey 
anharmonic effects in crystals in a way which will not be 
very helpful to the general reader but invaluable to 
research workers in lattice dynamics Their article meludes 
quite a lot of original work 

There are two articles on ‘techniques’ m Volume 12 
an experimentalist’s vade-mecum on the subject of hydro- 
thermal crystal growth by R A Laudise and J W 
Nielsen (complete with beautiful’ pictures of growmg 
crystals, diagrams of autoclaves and so forth), and a 
theoretician’s potted guide to group theory and erystal 
field theory by C M HerzfeldandP H E Meier A feature 
of this article 1s the index of references to character tables, 
tables of direct products of irreducible representations and 
tables of explicit base functions for the point groups 

Volume 13 exhibits a similar balancing of topics The 
semi-conductor lobby provides us with a comprehensive 
account of electron spin resonance m semi-conductors by 
G W Ludwig and H H Woodbury; this tool appears to 


NATURE 


VoL. 200 


November 23, 1963 


be particularly powerful when applied to the investigation 
of impurities J J Gilman and W G Johnston explain, 
with the help of illustrations, how dislocations m hthim 
fluoride may be investigated by means of etch pits The 
pictures look rather like rullis on a lunar landscape. C. K. 
Jørgensen writes about chemical bonding (as inferred 
from visible and ultra-violet absorption spectra) from a 
pomt of view which will be unfamular to most physicists 
Is he a missionary talking to cannibals or a cannibal 
talking to missionaries? There ıs little doubt that S 8. 
Mitra who writes about the vibration spectra of solids, 18 
a cannibal His feast meluded, among othors, C. V 
Raman, and has proved somewhat indigestible 

The ‘techniques’ part of Volume 13 involves a fascinat- 
ing article by F P Bundy and H M Strong, well known 
for their work on diamond synthesis at the General 
Electne Co , on the behaviour of metals at hgh tempera- 
tures and pressures. There is indeed much more than 
techniques to be found here known data on resistivity, 
compression, phase diagrams, thermoelectric power and 
the curious catalytic properties of transition metals which 
enabled the diamond synthesis to proceed Naturally 
perhaps, the last topic 1s skimpingly done There ıs no 
reference to Henry Eyring. Theoretical technicians will 
be well pleased by E I Blount’s account of the ‘formal- 
isms’ of band theory This article ıs centred on the 
Wanner representation It draws together scattered 
results ın an mtelligible and mtelligent way and mcludes 
some origina] work 

The ‘mixture’ of Volume 14 ıs not the standard one 
There are three high-level articles on special problems, 
namely, “g Factors and Spm-Lattice Relaxation of 
Conduction Electrons’, by Y Yafet; “Electron Spin- 
Resonance Spectroscopy in Molecular Solids’, by H. 8 
Jarrett; and “The Theory of Exchange in Insulators and 
Sem1-Conductors”, by P W Anderson. Each of these 
articles 1s authoritative, critical and complete, but they 
demand much background knowledge from the reader 
The fourth aitacle—a book within a book—is an account 
of molecular motion m solid-state physics by N Santé, 
K. Okano, S Iwayanagi and T Hideshima It reviews. 
competently theory and exper:ment in a field which 1s 
(literally and figuratively) amorphous 

Theory of Lattice Dynamics wn the Harmome Approx- 
mation, by A A Maradudin, E W Montroll and G H 
Weiss, 18 a masterly account of the ‘active centres’ of a 
popular and important field 'The topics covered include 
the role of critical points in phonon spectra, the effects 
associated with defects, surface effects and atomic cor- 
relations There ıs no other convenient account of these 
subjects available, and they are here treated with clarity 
and elegance The theory of 1omiec orystals ıs the only 
obvious ‘gap’ Is 1t too much to hope that ıt will be filled 
by someone like Rosenstock ? R O Davies 


ANIMAL PATHOLOGY 


Pathology of Domestic Animals 

Vol 1 By K V F Jubb and P C Kennedy Pp 
xy +477 (New York and London Academic Press, 
1963 ) 128s 6d 


F°: long a notable omission in the ever-expanding 
veterinary literature has been the absence of a 
modern authoritative text, in English, on morbid anatomy 
and histopathology This book, the first of a two-volume 
work on the pathology of domestic animals, goes far 
towards filing the gap It 1s particularly opportune that 
1t should come at the present time when there 1s a growmg 
interest ın, and awareness of, the importance of compara- 
tive pathology Although the work has been designed 
primarily for the teaching of vetermary students ıt will 
also serve asa useful guide to those medical pathologists 
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who turn their attention to apparently analogous condi- 
tions m man and animals It will be useful to the research 
worker in experimental pathology, and non-vetermanans 
im particular will find useful the brief descriptions of some 
of the normal variations which occur in different species 
of animals Equally valuable to all are the side-by-side 
Ulustrations of some normal and diseased tissues 

Volume 1 presents a fairly detailed account of disease 
processes affecting bone, Jomts and synovial membranes 
Organ pathology 1s discussed on a systematic basis and 
here includes the respiratory, hemopoietic, endocrine, 
circulatory, and the genital systems Volume 2, which is 
to be published shortly, will deal with the remamıng 
systems and organs of the animal body There 1s, rightly, 
no account of general pathology because, as the authors 
point out, this subject 1s adequately covered im many 
standard text-books The gross and microscopic structural 
changes ın the various tissues are presented, together with 
sufficient information on altered function and consequent 
clnical signs to stimulate and mterest the student The 
text 1s well illustrated with photographs and photo- 
micrographs of excellent quality which clearly mdicate 
the essential features of the lesion under discussion A 
minor criticism here might be that some of the illustra- 
tions are wasteful of spece, for example, two full-page 
photographs to show adventitial placentation ın the ox. 

The excellent bibhography ıs a major strength of the 
book. Appended to each chapter are many selected 
references which will be useful to a wide range of readers 
References are given to key papers m the related fields of 
virology, bacteriology, parasitology, oncology and genetics 
where these abut on to the main subject of pathology It 
is, however, unfortunate that some, at least, of the 
references are not ‘tied ın’ to the text, because the authors 
in some of thew discussions do not always distinguish 
between what ıs fact and what is speculation This ıs an 
obvious drawback from the point of view of the student 
and the non-specialist reader The references are well set 
out and there 1s a good and accurate index Typographical 
errors are rare, the book 18 well produced and of the high 
standard associated with the publishers It 19 probable, 
however, that the cost will be prohibitive for many 
students 

Inevitably in a work so extensive as this there are bound 
to be omissions, and the relative emphasis placed on some 
subjects will not meet with everyone’s approval In the 
chapter on respiratory disorders, a brief résumé of the 
modern concepts of the structure of the alveolar epithelrum 
would have helped to clear some of the confusion in the 
text, and the section dealing with the interstitial pneu- 
monias could, with advantage, be amplified and more 
attention directed to the pathogenesis of these diseases 
Students of comparative pathology will be disappointed 
with the section on arterial disease There 1s no discussion 
of atherosclerotic lesions in pigs or cattle (but, m fairness 
to the authors, they do point out that arterial disease 1s 
of no economic importance in domestic stock) In therr 
introductory remarks, the authors state that all they have 
to say on a specific disease 1s said m one place under the 
organ system which ıs most appropriate They waive 
this general rule in several places but chiefly ın the sections 
devoted to the genital systems It ıs, however, very 
surprising that ın the chapter on the cardio-vascular 
system no mention is made of the virus of swine fever 
(‘hog cholera’) as a major cause of vascular damage in 
swine and hence as the prime cause of the protean lesions 
of this important disease It ıs probable that swme fever 
will be deseribed ın Volume 2, but the essential lesion 18 
one affecting the small blood vessels and as such should 
receive attention in this section 

In their preface, the authors do not attempt to justify 
their book because, as they say, a good book 1s 1ts own 
justification This is such a book; ıt will find and retain 
its place on the shelves as an indispensable standard work 
of reference A R JENNINGS 
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THE DEVELOPING WORLD 


Our Developing World 
By L Dudley Stamp Pp. 195. (London: Faber and 
Faber, Ltd, 1963) 8s 6d 


gee population of the world to-day 1s more than 
3,000,000,000, probably almost double the population 
in 1900 This means that the past sixty years have seen 
& growth equal to that m the entire provious history of 
mankind This sobering thought becomes fmghtenmg 
when we look mto the future In 1951 the United Nations 
estumated the world population for 1980 as between 
2,976,000,000 and 3,636,000,000 They revised these 
figures in 1954 to give estimates between 3,295,000,000 
and 3,990.000,000 and agam m 1958 to between 
3,850,000,000 and 4,280,000,000 

These figures are quoted by Prof Dudley Stamp m 
Our Developing World, and he pomts out that they show 
not only that our knowledge of the numbers of mankind 
18 Improving, but that they are constantly showing previ- 
ous estimates to be too conservative By 1980 world 
population will probably be considerably more than 
4,000,000,000 and, by the end of the century, between 
7,000,000,000 and 8,000,000,000 It ıs difficult to write 
about the future relationship between population and 
resources agamst so dynamic a situation, and Prof 
Stamp’s experience shows this The core of his latest 
book was a series of talks (the Patton Foundation Lectures 
at Indiana University) pubhshed ın 1952 as Land for 
Tomorrow This was brought up to date for an English 
edition, m 1953, called Our Undeveloped World, a book 
which, he says, should now be read “almost as historical 
documents” It had to be re-written ın 1960, when it 
was called Our Developing World, and some of the figures 
had to be brought up to date again for this paper-back 
edition 

Prof Stamp sets the pépulation explosion agamst a 
more stable background, that 1s, the amount of land avail- 
able and the base facts of climate and soil these are the 
given elements from which man must obtam his food 
But the relationship of man and land 1s by no means 
sumple The history of mankmd 1s that of developing 
techniques to produce more and more food cultivation, 
domestication, the mvention of the hoe, the plough, the 
harnessing of power, rotation, irrigation, fertilization— 
all these have dramatically changed the relationship, 
and Prof Stamp discusses the latest advances, mechan- 
ization and ‘chemuicalization’, to show that potential 
changes are as great as those of the past But another 
fact 1s equally evident that this progression has been 
most uneven Whereas revolutionized techniques enable 
advanced communities to produce the food they need 
with only a small percentage of primary producers, others 
are still at subsistence-level Indeed, the majority of 
people are still setting the balance between Nature and 
society at etarvation-level Strangely enough, the more 
technologically advanced countries depend to an mereasmg 
degree on these same underdeveloped countries which 
supply, for example, much of the world’s oil, most of 1ts 
copper, tin and bauxite The table of thew contribution 
m this respect to the world’s economy makes thoughtful 
reading 

Meanwhile, the problem of equating an exploding 
population with food supphes is of paramount importance, 
and demands all the skills of the most advaneed tech- 
nologies Prof Stamp’s admurable little book puts these 
problems sucemctly and clearly without pretending to 
attempt the answers It gives the more general reader a 
real appreciation of the situation against @ more geo- 
graphical background than is usual It cannot fail to 
make the reader conscious of the great dilemma of the 
age. and for this we are m debt to Prof Stamp for one 
more expression of his concern with these problems 

EMRYS JONES 
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Public Expenditure 

Appraisal and Control. Edited by Alan T. Peacock and 
D J Robertson. Pp vim+168. (Edmburgh and London 
Oliver and Boyd, 1963) 2is 


HE publication as a separate volume of the ten 
papers contributed to a symposium on the appraisal 
and control of pubhe expenditure is timely when not 
merely the efficiency of Government control in goneral 
has been brought m question, for example, by Prof Brian 
Chapman m his recent book, British Government Observed 
(Nature, 200, 198, 1963), but also the effectiveness of 
Government organization has been re-exammed by the 
Trend Commuttee 
Origimally, the papers were published m tho Scottish 
Journal of Political Economy, and while books by Basil 
Chubb and S H Beer have ın recent years discussed the 
control of public expenditure from the admuustrative 
pomt of view, these papers concentrate on the economic 
side and mdicate, for example, the value of Dr R 
McKean’s systems analysis in decisions on Government 
spendmg ‘The subject 1s one which is likely to grow in 
mportance, and as Prof A T Peacock shows m his 
paper on ‘ Economic Analysis and Government Expend.- 
ture Control’, while the way forward has been poimted 
by the Plowden Report, for example, extensive adoption 
of economic analysis 1s likely to await a major change in 
the attitude of the electorate to public spending—or, ıt 
might be suggested, some rational understanding between 
political parties 
The specific problems of defence expenditure, health 
service policy, the allocation of expenditure m the olec- 
tricity supply mdustry and the control of subsidy ex- 
penditure in agriculture are discussed by Dr McKean, 
Mr J Wiseman, Dr R L Meekand Mr G F B Houston, 
respectively Others deal with the appraisal of Govern- 
ment purchasing, controlling the Government’s wage bill 
and the growth of Government expenditure in the United 
Kingdom smeo 1790 In discussing problems of expendi- 
ture control in local government, Mr L Boyle comments 
that many universities appear to have been singularly 
remiss m providing facilities for studying public finance 
and political science He suggests that a much closer 
contact ıs desirable between the academic world and the 
field of practice so that semor officials ın the public service 
can communicate ther problems to the universities, 
enabling research to be conducted mto those problems, 
and thereafter benefiting from the results of such research. 
Such a remark itself attests the significance of this 
volume to which Mrs Ursula K Hicks contributes an 
epilogue on choice, efficiency and control m the pubhe 
services, which has some sound comments to make on the 
Plowden Report 


Experiments in Physical Chemistry 

By J M Wilson, R J Newcombe, Dr A R Denaro and 
Dr R M W Rickett Pp xu+290 (London and New 
York Pergamon Press, 1962) 21s net 


X PERIMENTS ın Physical Chemistry 1s intended for 
use by students reading chemistry to honours degree 
standard The form of presentation 1s most attractive. 
Each experment is assigned to one of three sections, the 
sections differmg in the degree of complexity of the 
operations and the associated theory 
Each experiment is prefaced by a discussion of the 
theory involved The discussions are meomplete but serve 
to relate the book with theoretical texts Next, the 
apparatus required 1s described Diagrams are useful, 
and firms manufacturing the equipment to be used are 
listed ‘The method to be followed 1s then grven, and here 
the text ıs weak More detail 1s required, too much initia- 
tive 1s required of the student For this reason the book 
might prove a valuable addition to the teacher’s hbrary, 
the student reapmg the benefit second-hand 
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The book has an efficient index and the contents are 
set out very clearly One hundred and two experiments 
are presented and they are selected to cover the wide 
range of physical theory and technique Although most 
of the experiments are of college standard, there 18 a 
great deal here to interest the very able sixth-form pupil, 
and the book would be a very useful additional source of 
ideas for end-of-term laboratory work D C FIRTH 


Organic Chemistry Laboratory Operations 
By W B Renfrow and P J Hawkms Pp viu+216 
(New York The Macmillan Company; London ‘The 
Macmillan Company, New York, 1962) np 


HIS book covers a very wide range of techniques 

Its mtroductory chapters on distillation, extraction, 
melting and boiling pomt determinations are familiar 
ground for a pupil ın the lower sixth form The final 
chapters on high-pressure hydrogenation and infra-red 
spectroscopy are the province of an honours student in 
his final year. 

A range of preparations are given and these illustrate 
well the basic reaction types of organic chemistry Many 
of the experiments are done using unfamuilar materials 
For example, p-xylene 1s sulphonated and not benzene 
Saturation and unsaturation are illustrated usmg cyclo- 
hexane and cyclohexene and not the more familiar methane 
and ethylene The general theme, worthy of close atten- 
tion, 1s that reactants must be easy to handle, reactions 
must work quickly, and the products be easy to isolate 

Each chapter includes a discussion iwWlustrated by clear 
diagrams, also an equation and a suggested mechanism 
for the reaction A problem is given at the end of the 
chapter and is designed to test the student’s undor- 
standing of the theory Between theory and problem 
there is a method This ıs adequate in earher chapters on 
elementary experiments, but quite the reverse later m 
the book when advanced work ıs under discussion 
Students are asked to see the imstructor for working 
instructions ! 

The early part of the book 1s well worth reading at the 
bench, the latter part has no place in the laboratory 

D C FIRTH 


Mild-Moderate Forms of Protein-Calorie Ma'nutrit on 
Symposia of the Swedish Nutrition Foundation, Bastad, 
August 29-31, 1962 Edited for the Swedish Nutrition 
Foundation by Gunnar Bhx Pp 159 (Stockholm 
Almgqvist and Wiksell, 1963) Sw Kr 35 


OWARDS the end of 1961, the Swedish Nutrition 
Foundation came into bemg, mamly through the 
financial support of the Swedish food industry Among 
its projected activities ıs an annual symposium ‘The 
first of these was held in August 1962 This book records 
the papers read then, and a summary of the discussion 
There were, 13 contributions, all by workers who had a 
direct concern m the problem of protein-calorie deficiency 
These included research workers from the United States 
of America, Africa and Central America, as well as a 
representative from the World Health Organization 
and one from the Food and Agriculture Organization The 
contributions dealt with the clinical and biochemical 
features of the condition and with related questions such 
as protein and calorie requirements, methods of assess- 
ment of physical condition, the use of protemn-rich foods 
for prevention, and an exhaustive and provocative article 
on the evaluation of the nutritrve value of protein 
Together these papers form an excellent review of the 
present-day situation The discussion 1s especially valuable 
in emphasizing how much we still have to learn about this, 
the commonest of all forms of malnutrition The book 1s 
beautifully produced and a pleasure to read There are 
very few and quite unimportant misprints, a most praise- 
worthy effort for a book produced and printed in Sweden 
JOHN YUDEKIN 
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TELEVISION IN MEDICAL EDUCATION 
By C. E ENGEL f 


Department of Medical Illustration, Guy’s Hospital Medical School, London 


ie 18 perhaps reasonable to ask why television should be 
considered at all seriously in the context of medical 
education, it 1s still a relatively novel technological 
development and primarily applied to mass entertainment. 
As television reproduces movement accompanied by sound, 
it could in any case be argued that the motion picture 
film should fulfil whatever useful functions are claimed for 
television However, the film, like a paper ın a journal or 
a chapter in a text-book, must be complete and able to 
stand on its own Once projection has been started, 1% is 
difficult to stop the film and repeat sequences already 
viewed Thus the ideas, concepts, phenomena or pro- 
cedures to be portrayed by the film must be developed 
most carefully, so that even the less well-informed mem- 
„bors of an audience do not lose comprehension, as the 
remainder of the film might otherwise be devoid of meaning 
for them For this reason the production of films is a 
time-consuming and not inexpensive undertaking Films 
are frequently not only inflexible but also impeisonal and 
tend to convey a sense of unreality Because academic 
teaching 1s essentially individual and adaptable to the 
varying needs of each individual teaching situation and 
audience, few lecturers are prepared or indeed able to 
use the conventional full-length film in their teaching? 
Television, however, offers a number of potential advan- 
tages These may justify serious investigation mto its 
effectiveness in the context of the present situation where 
a rapidly increasing volume of mformation has to be 
imparted, in a restricted period of time by a limited corps 
of teachers, to undergraduates, to those reading for higher 
degrees and to practasmg graduates It may, therefore, 
be helpful to consider the educational problems ın which 
television might possibly be of assistance Students in 
the medical school represent a captive audience, as ıt 
were. for they can be reached by the lecturer at a time and 
place of his choice General practitioners, however, work 
as individuals and are widely separated from each other, 
so that a lecturer finds ıt much more difficult to meet a 
number of them all m one place and at the same time 
These are, therefore, two fundamentally different situa- 
tions which might be considered separately as intramural 
and extramural problems i 


: Intramural Problems 


All learning reles to a large extent on repetition, and, 
particularly im medieme, a great deal of learnmg 1s 
concerned with objects rather than with concepts, so that 
visual experience must play an important part Yet an 
adverse staff/student ratio constitutes a serious obstacle 
to the ideal where each student mn the medical or dental 
school can see what is being demonstrated not only really 
well but also frequently and repeatedly 

Image Magnification and Optimum Perception Many 
objects, phenomena. reactions and clinical appearances 
are quite small so that adequate demonstration would 
require individual presentation to each student or m any 
event to very limited groups of students Restricted 
teaching staff makes this rmpracticable and'repetition by 
one lecturer soon becomes tirmg and uninspired Tele- 
vision, because it can reproduce an optically magnified 
image on a virtually unrestricted number of receiver 
screens n One or several rooms simultaneously, may help 
to solve this problem The lecturer can still be in the same 
room or ward. as his students where he can now teach with 
the aid of the enlarged immage ‘The recording television 
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camera can also be ın the same room and, mdeed, be 
operated by the lecturer himself ‘The receiver image 1s 
so bright that daylhght or artificial hght need not be 
excluded 

This situation offers each student the same magnified 
view fiom the ‘ideal’ observer’s position The lecturer 1s 
able to switch on or off as he thinks fit, so that he need 
show such images and associated sounds only at the instant 
when they serve his exposition. The students can interrupt 
if they cannot see clearly enough, or require further 
explanations This active participation by the students 
is likely to help the learning process, and ıt enables the 
lecturer to repeat parts of a demonstration, possibly m a 
modified form, according to the students’ needs 

Numerous examples could be quoted and a few of those 
which have been reported in the lhterature may here be 
of interest Small television cameras have been attached 
to microscopes, so that the lecturer can point out specific 
structures which the students can then identify under their 
own microscopes during classes on histology? 

Cameras with lights attached have been suspended 
above a demonstration table’, set up to record from 
surface-silvered murrors or fitted to a mobile support for 
attachment to dissection tables for macroscopic demon- 
strations during courses on anatomy At Guy’s Hospital 
Medical School such macroscopic demonstrations have 
been used to give students advance information or pre- 
knowledge before they proceeded to carry out their own 
dissections This approach was subjected to a series of 
objective tests in collaboration with the Institute of 
Education, University of London‘. 

Both microscopic and macroscopic television can be 
used for better vision during the demonstration of anımal 
experiments in physiology® and pharmacology It 18, 
therefore, easy to imagine the uses of television during 
clinical rounds and clinico-pathological joint meetings 
when relatively small lesions, either on the patient or in 
a histological preparation, are to be demonstrated to a 
large number of students Equally, a television camera 
can offer a close-up view to the students, however many 
may be assembled to watch a post-mortem examination 

Although students may not be required to watch a large 
number of surgical procedures, television can provide ® 
better view than the conventional observation gallery 
Ruhe! has reported on a well-planned installati6n where 
the lecturer and his students are grven a close-up view on 
television receivers in the observation gallery, while they 
can also see and hear what is going on m the theatre 
below A by-product of such an arrangement 1s that 
every member of the surgical team, not only the surgeon 
and his assistants, can see what ıs going on’, quite apart 
from the obvious reduction m the risk of cross-infection 
which results from keeping all but essential personnel out 
of the operating theatre - 

Apart from the foregoing mstances, which represent 
largely passive learning, there are many situations when 
students are taught essentially practical manceuvres and 
techniques While ıt may well be mpracticable to assign 
one demonstrator to each student, a single teacher can 
demonstrate to a television camera, so that the whole 
firm or class can seo At least one film has been tested 
successfully ın the role of simultaneous multrple-student 
technique-mstruction® This film may have become some- 
what outdated through subsequent changes ın the 
technique itself, television, however, can always be up to 
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date and has the additional advantage of complete flexi- 
bihty. Merril® has proved by expermment that the time 
taken by students m preparmg a tooth for an mlay was 
reduced by almost 40 per cent and that the quality of their 
preparations was considerably better, when compared with 
the work produced by more orthodox methods of mstruc- 
tion Best results and the greatest saving im time were 
achieved when the students were given an opportunity to 
complete a discrete stage of the practical work before the 
next manœuvre was demonstrated and explamed to them 
on the television, screen. 

Image Transporiation One problem, then, to which 
television may be applied 1s visual magnification, so that 
every student can see as well as the demonstrator, 
examiming physician or surgeon A further problem 15 
how to demonstrate related events, or phenomena which 
are separated ın space This ıs normally difficult to 
organize or, indeed, umpracticable because of time aval- 
able, number of students, possible risk of infection or 
restricted space as ın & research laboratory’, sometimes 
the teaching situation might be adversely affected, as 
during a psychiatric interview, 1f too many observers are 
present 

The television camera can be called on to bring images 
to the lecture theatie, classroom or laboratory from as 
widely separated locations as other laboratories, wards, 
out-patient departments, X-ray department, deliveryroom, 
operating theatre and post-mortem room Only the num- 
ber of cameras available for distribution to these locations 
and the versatility of a switchboard restrict the possible 
sources from which the lecturer can show one or more 
remote but relevant events to his students Which 
locations are connected to the students’ recervers and the 
sequence m which events from different locations are 
shown is entirely at the discretion of the lecturer, so that 
he can make use of these facilities just once or repeatedly 
during his exposition He can also use the televised picture 
and associated sound to make comparisons, either mn 
sequence or by juxtaposition on adjacent recervers This 
need not, of course, exclude the complementary use of the 
more conventional aids such as lantern slides, blackboards 
or short film un ts 

Apart from helpmg to solve the problems aheady 
mentioned, this use of television may claim other advan- 
tages When the transmitted sound ıs reduced in volume, 
the lecturer can add his own explanations while the visual 
information continues to be received by the students: his 
comments and active participation by the students do not, 
of course, interfere with the event which 1s bemg televised. 
Particularly extensive use has been made of this method in 
the teachmg of psychiatry! Markee! has shown that the 
possibilities offered by this ability to bring information 
to the assembled students have by no means been exhaus- 
ted yet On the premise that knowledge largely acquired 
from visual information ought to be tested by posing 
visual problems, he has televised dissections, specymens, 
photographs, drawings and patients, with superimposed 
written questions to test his students of anatomy The 
results were statistically evaluated in comparison with the 
performance of the same students ın other, more orthodox, 
tests: he found that this method could also be used 
successfully to establish a student’s knowledge and his 
abihty to apply such knowledge appropriately Markee 
satisfied himself that television could be more versatile, 
more searching and less time-consuming than the usual 
method of letting students file past a series of exhibits 
annotated with questions 

Image Multuplacation One more problem, that of bring- 
ing the same visual information to students who are not 
assembled ın one room, may be solved by television This 
method 1s already used in other academic subjects where 
the student audience ıs too large for one lecture theatre, 
and experrmental data on its relative efficiency are now 
available? In medicine those schools which have adopted 
the unit laboratory system have found the transmission 
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of visual and verbal mformation from one room to the 
various laboratories both efficient and time-saving’*. A 
two-way sound-lmk between students and teacher 1s a 
necessity in this situation 

The Clinical Center of the National Institutes of Health 
at Bethesda, among other American teaching centres, has 
installed the necessary wirmg, so that cameras and 
receivers can be connected in a large number of rooms?’ 
This makes ıt possible to show ın study 100ms, library 
cubicles, teachmg rooms attached to wards and in operat- 
ing theatre galleries anything deemed of mterest to 
students—from simple references to relevant, up-to-date 
information ın journals to mteresting radiological examuina- 
tions, rare or unusual conditions seen m out-patients, a 
birth or parts of a surgical operation This offers visual 
experience and learning by repetition without having to 
call the students together or away from their places of work 

Image Transformation Television, with specially senst- 
tized tubes and in conjunction with other devices, can 
convert invisible radiation mto visible mages In this 
way, radiological examimations'*-i7, differential ultra- 
violet transmission by cell components!® and imfra-red 
penetration of the skin to reveal the subcutaneous venous 
system can be demonstrated to students Infra-red 
sensitave television tubes can also be used to demonstrate 
events and processes which can only take place in the 
dark. Of these potential applications, television radiology 
18 likely to establish itself most readily 

Endoscopy The observation of endoscopic appearances 
by the student has so far been largely restricted to a 
quick, and possibly displaced, glance through the endo- 
scope, to a photograph or, though rarely, to endoscopic 
motion picture films The French endoscopes which make 
use of intense hght piped to the distal end through a quartz 
rod, and such recent developments as a miniaturized 
television camera?®, which 1s no bigger than an electric 
shaver, will make television endoscopy both simple and 
safe The reproduction of colour must unfortunately wait 
until smaller, sumplified and much less expensrve colour 
equipment becomes available 

The further development of fibre optics, where each 
glass fibre in a flexible bundle conducts a fragment of the 
image by internal reflexion®!, may before long make ıt 
possible to show to students structures and processes? 
on the television screen which are inaccessible to the rigid 
endoscope Even now television linked to periscopes’, 
ophthalmoscopes and operating microscopes** may help to 
increase the student’s visual experience well beyond that 
of his immediate predecessor 


Extramural Problems 


The needs of the graduate in general practice are 
different from those of the undergraduate The almost 
explosive progress of medical science makes it desirable 
that up-to-date mformation should be available to the 
graduate as soon, and as readily, as possible No one 
journal could attempt to offer such a service and it 1s 
doubtful whether this channel of communication would 
prove entirely acceptable The spoken word alone, as, 
for example, over the sound radio system, is hkely to prove 
less effective than a combination of sound and sight Not 
only experiment but also common experience has shown. 
that the face-to-face or ‘fireside-chat’ situation provides 
the most effective learning situation Films could be 
considered m this role, but they are likely to lack spon- 
taneity, the mechanics of production and dupheation 
would lead to undesirable delay, and the additional 
apparatus in‘the home mght prove a severe handicap 

Television has already been considered seriously m the 
United States**, and a number of experiments are being 
staged at the present time What, then, are the possibili- 
ties offered by television ? 

Open. broadcasting, as used ın Scotland?! and by several 
American centres??, incorporates a number of obvious 
advantages and disadvantages Medical practitioners 
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receive the same mformation srmultaneously and thus 
have a common subject for discussion They are able to 
watch and listen either ım their own homes, at a society 
meeting or at a local hospital Some evidence 1s already 
available from the United States®*, and several experi- 
mental series of broadcasts are now ın operation The 
inherent disadvantages are not inconsiderable The lay 
publi is able to recerve the same information, so that the 
spoken word and the transmitted 1mage must of necessity 
be rendered unobjectionable and so neutral as to leave 
the doctor-patient relationship unaffected Perhaps 
equally serious ıs the objection that the doctor must make 
himself available at a specific time if he ıs not to miss 
what may be an essential part of a series of broadcasts. 
The possibilty of repeating each transmission may become 
umpracticable due to cost and lack of broadcasting tıme, 
as soon as other professions begin to ask for simular 
facilities This restriction of air space and time is not 
likely to be overcome even if the one remamuing free 
channel were to be allocated exclusively to education 

Scrambled or coded broadcasting offers the advantage 
of excluding the lay public, so that verbal and pictonal 
information ıs freed from any mhibitions ımposed by open 
broadcastmg The disadvantages, however, are the same 
as for open transmission, with the additional difficulties 
associated with any special licences which may be required 
for scrambled broadcasts to mmority groups and the 
need for a special decoding device in each receiver One 
expermment is at present in progress ın the United States. 

Rediffusion, or transmission through land-laid cables, 
can be organized regionally, so that special local needs 
can be catered for This facility and the privacy ıb offers 
can be regarded as potential advantages only, as the 
practical implementation, certamly for non-commercial 
purposes, 18 not hkely to be realized within the present 
decade It ıs equally unlikely that Great Britain can 
offer in the foreseeable future the extensive system of 
coaxial cables and microwave relay circuits which school 
education makes available to doctors ın South Carolina?® 

Video tape in cassettes may eventually prove a more 
realistic and practical means of up-to-date dissemmation 
of information to a widely scattered group of speciahsts, 
in this case, to doctors 

It will then be possible to plan a postal service, so that 
new information can be presented once fortmghtly or 
once monthly One or more medical schools could be 
asked to accept the responsibility for producmg the 
master tape from which the copies are prepared, and as 
soon as the first set of copies 1s returned a further pro- 
gramme can be recorded on the same magnetic tape As 
tapes will be interchangeable, regional as well as national 
services will become possible The doctor who partici- 
pates in such a scheme will be able to look at and listen 
to the recorded information with his own television set at 
@ time or at times most convenient to him He will be 
able to start, stop and, of course, repeat the tape or 
any part of the tape whenever he wishes Eventually 
complete courses made up of a series of tapes could be 
added, so that an individual doctor can select the re- 
fresher course ın which he ıs most interested Contrary 
to film production, video tapes can be re-recorded more 
readily to keep the information up to date, and particular 
importance should be attached to this facility if the 
medium 1s to be exploited fully 

Cost will be a promment factor ın any discussion The 
mitial capital outlay will have to consider the necessary 
television recording equipment at a medical school or 
other medical centre and the bulk acquisition of the 
magnetic tape, which can, withm reasonable limits be 
used over and over agam The cost, m thousands rather 
than tens of thousands of pounds, might be met by the 
authorities responsible for continuing education Clerical 
and postal expenses, as well as the cost of the individual 
play-back mstrument, might well be recovered by a 
reasonable subscription and hire fee 
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However, the techmeal and financial difficulties aie 
still so considerable that ıt may be advisable to consider 
motion picture film as a possible alternative, at least 
for the immediate future The “Technicolor 800H” rear 
projector at a cost of £55 already offers facilities for 
showing an 8-mm film loop in a plastie cassette which will 
run for @ maximum of 44 min before it repeats itself. 
Daylight viewing, the absence of any necessity for thread- 
ing into the machine or for rewinding, and extraordinary 
cheapness—approxumately £2 for 44 mm of film—are the 
major advantages of the system While the film for this 
apparatus 18 silent, equipment for the showmg of sound. 
film ıs also becoming avaulable 


Conclusion 


Closed-circuit television, whereby electric signals aie 
passed along a cable to reproduce a visible picture, has been 
shown to possess several properties which may be called 
on to help in the solution of a number of problems associ- 
ated with the instruction of students in & medical school. 

Television can offer a close-up view from the best 
possible observer position to large numbers of students; 
it can bring related visual information to the assembled 
students from other locations; 1t can act as the privileged 
observer and reporter where space 1s too restricted or 
when the presence of too many observers 1s not desirable, 
it can present the same visual problem to all students 
during an examination which sets out to test the applica- 
tion of knowledge which has been acquired from essent- 
ally visual information, 1t can distribute visual data from 
one room to many others so that students need not be 
assembled but can watch from wherever they happen 
to be working, 1t can make use of invisible X-ray as well 
as ultra-violet and infra-.ed radiation to present visible 
images, and it can, with the help of additional devices, 
such as endoscopes, permit all students to see structures 
and processes which until recently were seen only by the 
experienced physician and surgeon 

Although only a restricted number of critical exper- 
ments have been carried out so far, notably ın the United 
States, the practical application of closed-circuit television 
has shown that it can materially help the student to enrich 
his visual experience and to learn by repetition However, 
it must be acknowledged that, hke any other device, 1ts 
effectiveness 1s closely related to the manner in which it 18 
used Thus further experimentation will be necessary to 
establish really effective techniques and to determme 
the precise teaching situations where ıt can be expected 
to contribute most 

As programmed, learnmg, or scientifically planned self- 
instruction, matures and therefore becomes more univers- 
ally appled, television will also be called on to make ris 
contribution in the form of stored visual information 
on video tape or simular media 

The dissemination of up-to-date infoimation to medical 
practitioners can be achieved by broadcast television 
Open. transmissions are also 1ecerved by the lay public, so 
that the contents and presentation of such piogrammes 
are hkely to be handicapped Open broadcasts share with 
scrambled and rediffusion transmissions the disadvantage 
of fixed broadcasting times when the doctor must make 
himself avanlable or miss the programme The first two 
methods would mvolve competition with other potential 
users for air space and time, and rediffusion 1s not hkely to 
materialize as a practical reality for some time to come 

Video tape, television from recordings on magnetic 
tape, may become available at a realistic price It may 
then be possible to distribute duplicate recordings to 
individual doctors for study and re-study ın their own 
homes and in thew own time The ability to erase and 
record fresh mformation on the same tape repeatedly 
should make up-to-date contmumg education through 
television more practical and perhaps more acceptable 
than present methods through journals and isolated 
postgraduate courses 


728 


In the meantime, an 8-mm loop film cassette loading 
rear projector with sound may be a more practicable 
alternative 

It 18 to be hoped that sufficient funds might be made 
available to conduct a critical pilot investigation which 
could be regarded as a reliable guide for the further 
development of continuing education 

I thank Mr P V. Reading and Prof R. Warwick for 
their advice 
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CHANGING FOOD HABITS 
By Pror JOHN YUDKIN 


Department of Nutrition, Queen Elizabeth College, University of London 


INCE the Department of Nutrition was imstituted im 
Queen Elizabeth College, University of London, m 

1954, and the courses began for the degree of B Se (Nutri- 
tion), 1+ has emphasized the importance of the social 
aspects of nutrition In particular, it has felt that we need 
to know very much more about the factors which determ- 
me people’s choice of food, m the hope that we may be 
able to identify those through which nutritionally desir- 
able change may be effected 

When, with the aid of a grant from the Leverhulme 
Trust, a research programme m social nutrition was 
mstituted, 16 was soon found that one needed advice not 
only from social scientists engaged m academic studies, 
but also from those m contact with the market-place 
The sociologist, anthropologist and psychologist who 
worked with the food mdustry had most useful and 
relevant experience, as had also the food chemist, the 
food manufacturer, the advertising agent and the market 
research worker Many informal discussions showed most 
gratifymgly that there was no reluctance at all from all 
these to share their knowledge and views with an academic 
group From this, the idea emerged of a more formal 
symposium, to which were invited some speakers represent- 
ing many of the wide range of mterests ın patterns and 
trends m, food consumption 

The result was a symposium, held at Queen Ehzabeth 
College on September 24, 1963, at which Mr James Van 
den Bergh took the chaw, and where eight papers were 
read, representmg the views of the nutrifiomst, the 
economic historian, the social anthropologist, the sociol- 
ogist, the social psychologist, the experimental psychologist, 
the food chemist and the food manufacturer. The title 
of the symposium ‘Changing Food Habits” was deliber- 
ately ambiguous, and was meant to convey an interest 
both in the ways in which food habits were changing, and 
in the methods which might be effective m mducing 
change The surprisingly large number of 180 participants 
attended The eight papers were circulated before the 
meeting, speakers spent only a short time mtroducmg 
their papers, so that most of the time was occupied by a 
very full and interesting discussion 

The first paper, by John Yudkmn, discussed “The Need 
for Change’? Most people recogmzed that improved 


nutrition m the developmg countries, especially of the 
tropics, mvolves not only an mereased supply of food 
but often a change in the sorts of food which were eaten 
Whole populations, or groups within them such as women 
or pregnant womon or children, often had habits and social 
customs which prevented the consumption of nutritionally 
desirable foods even where they existed But ıb was 
necessary not only to assure the consumption of dosirable 
foods but also to try to prevent the consumption of 
undesirable foods There is evidence from the African 
countries that mcreasing mdustrialization m the develop- 
ing countries might lead them straight from one sort of 
malnutrition to another This ıs because the food manu- 
facturer has two separate functions First, he preserves 
food, and ın so doing mereases greatly the availability of 
food But as well as this, he is able to make completely 
new foods, basod on his ability to separate palatability 
from nutritional value. Thus, palatability which normally 
18 & guide to nutritional value is so no longer The ability 
to separate sugar, especially, has been responsible for the 
vast mcrease m sugar consumption m the developed 
countries m the past two hundred years, and may well 
contribute to the mereased ineidence not only of obesity 
but also of coronary thrombosis and diabetes 

John McKenzie spoke on ‘‘Food Trends the Dynamics 
of Accomphshed Changes’. In Britam, there have been 
many changes in the pattern of food consumption, of 
varying magnitude Though ıt took some two hundred 
years for potatoes to become popular, they are now a basic 
part of our diet Yet we are not certain of the reasons for 
this change, nor for the differences mn regional consumption 
Why, for example, do people in London eat throe times as 
much poultry as those in the North of England ? Yet the 
experiences of some of these changes, such as the enormous 
mcrease in sugar consumption, suggests that mecreasng 
prosperity in the developing countries will lead to a similar 
rise We do not know exactly what effect advertising, 
education and price have on food consumption. except 
that there ıs a tendency to exaggerate their mfluence 
Other social factors certainly play a part m determming 
the foods which we eat Yet with the scant knowledge we 
have, and by the use of the techniques of social investiga- 
tion, 1f 18 now possible to devise programmes, both of 
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investigatory research and of exper:mental research, 
which should give us a much better understanding of the 
deternunants of food habits 

Margaret Read described “The Role of the Anthro- 
pologist” and spoke from her considerable experience of 
tropical countries She directed attention to the vicious 
cucle of malnutrition —» disease — decreased food pro- 
duction — aggravated malnutrition Though tradition- 
ally the social anthropologist has worked little in the field 
of food habits, he has recently been brought mto consulta- 
tion, m many parts of the world, to help in the elimma- 
tion of the widespread and serious disease of protem 
deficiency especially in its form of kwashiorkor in children 
In order to be able to help m such work, an anthropologist 
needs to know something of the environmental factors 
affecting a community, its social structure, 1ts domestic 
hfe, and its ideas on and attitudes towards food With 
this knowledge he can proceed to investigate the changes 
in food habits which are occurrmg m the country It 
appears that there are three motivations for such change, 
prestige, the wish to exchange foods and other products 
for money. and attempts to ease the burden of work for the 
women The details of these value systems, however, will 
differ in different communities 

“The Role of the Sociologist in Inducmg Changes in 
Food Choice” was described by David Pickard and Ray 
Cor: People live in groups which each have a particular 
culture, that 1s, a particular set of usages, customs and 
institutions However, an individual does not belong 
Just to one group, but can at any one time be a member of 
several groups, such as a teenage, working-class army 
officer The rolationship between the mdividual and his 
group 1s expressed as the part which he plays according 
to his position in the group Change 1s slow because ıb 
tends to be a threat to the stability of the cultural system 
It can be accelorated, perhaps, by education and propa- 
ganda, but only ın the direction m which 1b 18 already 
gomg Much can be done, however, through the mnovator, 
the person who more readily adopts change and whose lead 
can be accepted While these general statements about 
the part of the sociologist have meaning m the context 
of changing food habits there has in fact been very httle 
work done on the sociological background to eating 

Cyril Sofer. I Janis and R L Wishlade gave an account 
of “Social and Psychological Factors ın Changing Food 
Habits’ They referred especially to some pilot studies 
which they had carried out at the Tavistock Institute of 
Human Relations, designed to reduce the consumption of 
carbohydrate in a group of housewives Among other 
factors, the effectiveness of the change m diet could be 
assessed in those who were overweight, since the change 
would Jead to reduction in weight The method included 
group discussions, intensivo mdividual interviews and an 
experiment m which attempts were made to persuade 
some of the overweight women to adopt low-carbohvdrate 
diets The results. though tentative, suggested that group 
sessions. and ‘working through’ the difficulties of dietary 
change in advance, might be useful for changing food 
habits 

According to Colin Golby. a psychologist engaged m 
academic research 18 more concerned with analysing a 
problem than with its solution, conversely, in commercial 
resourch he 1s more concerned with finding tho solution 
and often has to do this without an adequate 
analvsis of the problems Describing “The Role of the 
Expermmental Psychologist”, he pointed out that the 
problem of inducing changes m food habits was but one 
example of the problem of persnasion It was necessary 
to appreciate the parts that different foods played This 
knowledge was useful as a basis of a persuasion campaign, 
which itself could well be modelled on the methods of 
product-testing used m commercial promotions The 
next step would be a search for a mam appeal for the 
product Fmally, there 1s much to be said for attempting 
the actual persuasion by the use of the ‘theory of disson- 
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ance’ ‘This is based on the drive for consistency, and. the 
conditioning of an agreement response With appropriate 
attention to technique, 1t might then be possible to carry 
@ group through the four stages of persuasion, these are 
communication, conditioning agreement, attitude change 
and finally action. : 

Arnold Bender spoke on “The Nutritionist m Industry” 
Perhaps 98 per cont of the food we eat passes through the 
hands of the food processor, who consequently has 
considerable responsibility for our nutritional health 
It 1s cortamly true that the public will buy and eat what 
it hkes, but the food manufacturer can sometimes mitigate 
the harm of nutritionally mferior choice as, for example, mn 
the fortification of white bread with minerals and vitamins 
In the opposite direction, there 1s no pomt n nutritionally 
desirable food being made without adequate attention to 
attractiveness Yet there are examples of food prepara- 
tions which are sold m vast quantities, on the basis of quite 
unsukstantiated nutritional claims While this 1s less 
true m Britam than in the United States, we too can be 
persuaded mto buyimg and consumimg such useless com- 
modities as cider vinegar or royal jelly, and especially into 
buymg preparations for shmming In spite of this, we 
do not know whether or to what extent even genuine 
nutritional claims—high protem, or the presence of vita- 
mins—influences consumption of particular foods Nor 
38 16 usually possible to forecast whether a new manu- 
factured food will or will not be a commercial success, and 
in particular to forecast whether the success will be 
sufficient, as with breakfast cereals, to mduce a major 
change in food habits 

The final paper, “The Food Manufacturer mn a World of 
Economic Reality’’, was presented by Edgar Graham 
From the commercial pomt of view, the food market has 
two desirable qualties continuous demand and mherent 
growth It has, however, also to contend with the con- 
servatism of the consumer The manufacturer must 
nevertheless be concerned with induemg change, erther 
for umproving nutrition in the developmg countries, or 
in taking account of changing social attrtudes m the 
wealthier countries In the former, as well as m the latter, 
change can be successfully mtroduced only when com- 
mercial principles are used It 1s true that these may 
somotimes be misused, but without their use the most 
desirable change may be difficult or impossible to produce. 
On the other hand, the use of commercial principles will 
not be able to produce a change in food habits unless they 
are in the direction of both general nutmtional opmuon, 
and of changing social and cultural patterns. In order that 
a new food should ‘sell’, rt must be readily available to the 
housewife at a time when she 1s in the mood to buy it, and 
there should be adequate communication to her of the 
reasons why she should buy 1t In spite of these general 
statemonts, there are, however, still great areas of 1gnor- 
ance where much more research 1s needed before we can 
be certain of success 

The discussion through the day was mtense and varied, 
but two or three major points emerged One was that, 
from the pomt of view of the nutritiomst, the difficulty 
was how to make one’s food wants comeide with one’s 
food needs It appeared to be accepted by most people 
that what they hke to eat must be what they need—that 
“a little of what vou fancy does you good” This perhaps 
explaimed the lack of interest ın nutrition education, even 
among those who were m general mterested ın health 
education Though many suggestions were made as to the 
value of different methods m changmg food habits, ıb 
was agreed that we are in fact not very knowledgeable, and 
that much more fundamental research néeds to be done 

There was also general agreement that the meeting was 
an extremely useful begmmmg, m particular m bringing 
together the academic and the commercial interests in this 
problem The papers, with an introduction and a sum- 
mary, will be published by MacGibbon and Kee early 
next year, under the title of “Changing Food Habits’’ 
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THE YARD UNIT OF LENGTH 


x By P. H. BIGG and PAMELA ANDERTON 
National Physical Laboratory, Teddington, Middlesex 


Ta Weights and Measures Act, 1963, passed by 
Parhament on July 31, 1963, lays down that the 
yard shall be 0 9144 metre exactly, the definition will 
come mto force on January 31, 1964 

As the National Physical Laboratory 1s to be called on 
to state the current values of the former Parliamentary 
yard standards m terms of the metre m connexion with 
the adoption of the new definition, they have once again 
been determined At this juncture, when the material 
yard standards are ceasing to have their former sigmificance, 
1t 18 appropriato to sketch briefly the history of the yard 
standard as a background to setting on record the recont 
comparisons and their outcome. 

The British measures of length are thought to have been 
derived initially from a very ancient and widespread 
measure known, as the ‘northern cubit’, rather more than 
2 ft. long, which can be traced back to Mesopotamia and 
Egypt The half cubit, or foot, was recognized m 12 Bc 
as a standard for land measurement ın Lower Germany, 
and its length was recorded by the Romans With the 
coming of the Saxons m AD 410 the foot became estab- 
lished ın England Wiham I in 1066, succeeding 
sovereigns and Magna Carta in 1215, mamtamed the 
existing measures and weights Edward I in 1305 
ordamed that “three grains of bailey, dry and round, make 
an inch, twelve inches make one foot, three feet make an 
ulna .. 3, ete * His origmal ‘iron ulna’ or ‘ell’, later 
called the yard, has long smece disappeared, but from a 
study of various bronze yards still ın existence ıb seems 
it 1s unlikely to have differed from our current yard by 
more than about 004 ın (1 part m 1,000) By present 
standards the primary standard of Henry VII (1497) 1s 
only 004 m m error, while that of Elizabeth I (1588, 
standard until 1824) 1s correct to 001 m Both these 
last-named standards are preserved in the Science Museum, 
London, with other historreal yards 

The first scientifically constructed standards were com- 
mussioned m 1742 by the Royal Society Two brass bars, 
42 in x 05m x 025 in, on which were engraved the 
lengths of the existing Tower Standard Yard (Rowley, 
1720) and Ehzabeth’s 1588 yard were sent to the Academie 
Royale des Sciences and marked with the French half 
Toise of three Pied du Roi, one bar was retamed m Paris 
and the other returned to the Royal Society, but both 
have been kept for reference 

A Royal Commussion (1758-1760) under Lord Carysfort 
prepared a new bronze standard (the maker was Bird) 1m 
square in section with mset gold studs 36 in apart, the 
yard bemg indicated by fine indentations This standard 
bar became the legal primary standard m 1824, but ıt was 
ruined m 1834 when the Houses of Parlhament were 
destroyed by fire, and was not replaced until 1855 

All but one of the present yard standards were designed, 
constructed and compared with existing standards by 
Sheepshanks and Baley, acting as members of the Royal 
Commission of 1843-55 (ref 2) and were legahzed in 1855 
They are bronze bars (copper 16, tin 24, zme 1) 1 m 
square in section, cast by Troughton and Simms, London 
At the bottom of a hole near each end of the bar 1s a 
small gold plug inserted with 1ts flat surface approximately 
in the neutral plane of the bar On each gold plug three 
fine hnes 001 ım apart traverse the axis of the bar, and 
two lnes 003 in apart, parallel to the axis of the bar, 


* Further details may be found in “The English Yard and Pound Weight”, 
by F G Skinner, Bull British Soc Hast Ser ,1 (Mav 1952), from which this 
hnstorieal information 1s tahen 


mtersect the three lines The length defined by the baa 
1s the distance at 62° F, under certam conditions of sup- 
port of the bar, between the muddle transverse hne at 
one end and that at the other, the part of the line utilized 
bemng that between the longitudimal lmes One of the 
bars was selected as the Imperial Standard Yard and 
designated No. 1, and four others were regarded as copies, 
to be used for the replacement of the primary standard 
should ıt ever be lost or damaged Copy No 4 was 
immured m the Palace of Westmimster and has rarely 
been disturbed It 1s required that the copies should be 
mtercompared every 10 years and compared with the 
Imperial Standard every 20 years, the rmmured copy being 
expressly exempted from these requirements 

The Weights and Measures Act, 1878, which was not 
superseded until this year, authorized the construction 
of a further copy (No VI), which was brought into use 
by 1886 

lb 18 convenient to turn now to the metre. When the 

metric system was set up at the end of the eighteenth 
century the metre was intended to be one ten-mullionth 
part of a cortain polar quadrant of the Earth, and the 
Mètre des Archives, a_platmum bai, was constructed on 
this basis It soon became clear that the basic definition 
was too inconvement for practical purposes, so the 
Mètre dos Archives came to be regarded as having primary 
status In 1889 this standard was superseded by the 
International Prototype Metre, an X-section bar of 
platmum-—iridium, the distance at 0° C between certam 
lmes on the exposed neutral plane of which defined the 
metre without altering the length of the unit m relation to 
that defined by 1ts predecessor The prototype metre 1s 
at the head of a hierarchy of platmum-midium metre 
standards, including the national copies, and the proto- 
type and certam other important copies are preserved 
with every care at the Bureau International des Poids 
et Mesures at Sévres, near Paris, under the auspices of the 
Metre Convention and the surveillance of successive 
General Conferences of Weights and Measures 

With the advent of the possibilty of usmg wave-lengths 
of hght for the measurement of length, first Michelson 
and Benoit and later other expermmenters in various stan- 
dards laboratories (including the Nationa] Physical 
Laboratory) determined the length of the metre m wave- 
lengths Nme determimations were made durmg the 
period 1892-1940 (ref 3) and the mean departure from the 
average result was only 1 part ın 6 million, and there was 
no evidence of a secular change of length, ıt was therefore 
clear that the length of the prototype metre was extremely 
stable Further, this and other research work at the 
National Physical Laboratory and elsewhere proved 
beyond doubt that progress in length measurement would 
best be served by re-definmg the metre m terms of wave- 
lengths of hght Consequently m October 1960 the value 
1 650 763-73 wave-lengths in vacuum of monochromatic 
orange light radiated by the krypton-86 atom was adopted 
for the definrtion 

Returning now to the yard, as a result of comparisons 
with the metre 1b was suspected by the National Physical 
Laboratory as long ago as 1932 that the Imperial Standard 
was not stable and in consequence the value then found 
was not put into effect for purposes of science and tech- 
nology The results of the 1947 comparisons’ confirmed 
these suspicions, 1t was clear that there had been a fairly 
uniform. shortening of the Imperial Standard during this 
century the total decrease in this penod bemg nearly 2 
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Handbook of Counseling Techniques 

edited by E Harms, New York i 
Associate Editor P SCHREIBER, Department of Social Work, Hunter College, 
New York 

The first handbook at the professional level to give a complete survey of the 
various types of counseling m the field of human relations The thirty six 
contributions are grouped under the topics Children and Youth, Family and 
Community; Employment and Vocation; Religions, Special Problems 
Essential reading for all engaged m counseling 


516 pages 84s net ($12 00) 


Psychopharmacological Methods 
edited by Z Votava, M Horvath and O Vina, Prague 


Contains the Proceedings of a Symposium, held m Prague, on the effects of 
psychotropic drugs on higher nervous activity The book ıs in three sections 
covering the methodology in pharmacological research of the psychotropic 
drugs, different techniques for the evaluation of behavioural effects of 
psychotropic drugs m animal studies and problems of the clinical evaluation 
of effects of psychotropic drugs and possibilities of conditioned methods to 
help in clinical trials 


390 pages £5 net ($14 00) 


Handbook of Cosmetic Science 

An Introduction to Principles and Applications 

edited by H W Hibbott 

This important handbook provides an up-to-date account of scientufic 
principles and their application to the production of cosmetics The twenty- 
four articles clude Skin physiology as a basis for cosmetic practice, 
Physiology of the teeth, Perfumery and its raw materials, Cosmetic colours; 
The chemistry and physical chemistry of surface active agents, Cosmetic 
emulsions, Microbiology; Formulation of oral hygiene products; Perfume 
formulation and product perfuming, Use of antiseptics and germicides m 
toilet preparations, Testing and evaluation of cosmetics 


568 pages £5 net ($14 00) 


An Introduction to Mathematical Analysis 

by R A Rankm, Professor of Mathematics, Unwwersity of Glasgow , 
Intended primarily for University students takmg honours cowses and 
beginning their first rigorous course in analysis, this outstanding textbook 
deals with the functions of a single real vanable Topics discussed melude 
limits and continuity, differentiability, mtegration, convergence and 
uniformity, mfinite series, double series and infinite products Numerous 
exercises are given at the end of nearly every section and ulustrative examples 
are worked out m the text 

International Serves of Monographs on Pure and Applhed Mathematis, 
Volume 8 

624 pages 80s net ($10 50) 


Adaptive Control Systems 

edited by E P Caruthers and H Levenstem, Institute of Radio Engineers, 
New York 

Contaiing the proceedings of a symposium held at Long Island, this volume 
reviews progress in the field of adaptive control It deals with the concept of 
adaptiveness ın a control system, gomg deeply into the actual definition of 
‘adaptiveness’, and also gives information on those mathematical an d experi- 
mental techniques which have proved valuable in understandmg and 
developing these systems 

290 pages 808 net ($12 00) 





offered for sale by 
ROBERT MAXWELL AND COMPANY LIMITED 
Waynflete Building, 1-8 St Clements, Oxford 

International Unwersity and Industrial Booksellers, Subservption Agente, 
Specralsts ın out-of-pint and difficult-to-get Publocations 


Pergamon Press books are distributed in the Western Hemaspheie and the Phikpmines by the Macmulan. 
Company, 60 Fifth Acenue, New York 11, N Y 
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The Proteins 


Composition, Structure, and Function 
(Second Edition) 
Edited by HANS NEURATH 


Volume 1, December 1963, about 600 pp , 157s éd 
*Subscription price, 139s. 6d 


*Subscription price valid on orders for the complete set received 
before publication of the last volume 
Volumes 3-4, in preparation 
Reviews of the first edition: 

“The prime virtue of this invaluable series will appeal 
to the expert and the beginner in proteins ıt presents a 
unified, critical, authoritative, and up-to-date treatment of the 
whole subject ” SCIENCE 


“Considered together these four volumes will be referred 
to for many years, not only for all phases of the chemistry of 
these important macromolecules, but also for their biological 
properties and biological activities ” 

—dJournal of Chenucal Education 


Volume 2, about 675 pp , in preparation 

Contents of Volume 1 
Albert Light and Emil L Smith, Ammo Acid Analysis of 
Peptides and Proteins G. R. Tristram and R.H. Smith, Amino 
Acid Composition of Certain Proteins Klaus Hofmann and 
Panayotis G. Katsoyamns, Synthesis and Function of Peptides 
of Biological Interest Joseph S. Fruton, Chemical Aspects of 
Protein Synthesis Robert E. Canfield and Christian B Anfin- 
sen, Concepts and Experimental Approaches in the Deter- 
mination of the Primary Structure of Proteins R. Cecil, 
Intramolecular Bonds in Proteins J The Role of Sulfur in 
Proteins Harold A. Scheraga. II Noncovalent Bonds 
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The Liver 


Morphology, Biochemistry, Physiology 
Edited by Ch. Rouler In 2 volumes 
Volume 1, December 1963, 683 pp , approx 186s 
The Liver 1s intended to offer m a comprehensive form the 
present state of our knowledge of this organ based on morpho- 
logical, biochemical, and physiological studies The correlation 
of structural, functional, and biochemical aspects ıs emphasized, 


and the latest results of modern methods of investigation are 
discussed 


Primary Processes of Photosynthesis 


By Martin D. Kamen 
Volume 1 of Advanced Biochemistry’ A Series of Monographs 
Edited by Anthony San Pietro 

December 1963, 182 pp , 44s. 


This unique work explains the rationales of modern 
researches into the primary processes of photosynthesis which 
terminate before the onset of biochemical and physiological 
phases The bases for physical and photochemical investigations 
on the photosynthetic apparatus are presented and illustrated 
by examples from recent literature 


The Soybean 


Genetics, Breeding, Physiology, Nutrition, Management 
Edited by A. G. Norman 


Chapters ın this volume were originally published im 
oe in Agronomy and have been revised to bring them up 
to date. 


November 1963, 240 pp , 52s 


An authoritative account of the characteristics of the 
soybean plant and the production of soybeans, this work 
provides comprehensive review articles on every aspect of the 
subject Of special interest are the discussions of genetics and 
genetic principles in the breeding and improvement of the crop 


Craigie’s Neuroanatomy oi the Rat 


Revised and expanded by Wolfgang Zeman and 
James Robert Maitland Innes 


November 1963, 230 pp , 68s 


Long out of print, unavailable in the classroom, An Intro- 
duction to the Finer Anatomy of the Central Nervous System 
Based upon that of the Albino Rat is now published as a com- 
pletely updated work tailored specifically for the student and 
research worker It 1s a classic treatment of the anatomy of the 
rat’s central nervous system and its coverings, a study that also 
includes general principles of mammalian comparative neuro- 
anatomy with ontogenetic and phylogenetic aspects 


Atherosclerosis and Its Origin 


Edited by Maurice Sandler and Geoffrey H Bourne 
December 1963, about 550 pp , approx 157s 6d 


This work covers the field of atherosclerosis focusing on 
human lesion Included are discussions of the roles of grand 
substance, hemodynamics, serum lipids, diet, hormones, and 
ans metabolism of the arterial wall in the development of 
esion. 


Generic Names of Orchids 


Their Orig’n and Meaning 
By Richard Evans Schultes and Arthur Stanley Pease 
With “A Note to Orchidists” by Gordon W. Dillon 
December 1963, 331 pp , 86s 


The dictionary explains the etymological history of the 
1,250 generic names of Orchidaceae and the morphological or 
other characteristic of each plant that led to the choice of its 
generic name The original Greek or Latin components of the 
names are also given, along with the geographic distribution and 
tribal or subtribal classification of the genus shown together 
with the place of first publication of the epithet 


Detailed formation available upon request. g 
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This lent powerful 0 914 400 


parts per mullion 


support to those who wished to unify the sa 


British and American yards (the latter 
had been hnked to the metre ın 1893), and 
m 1959 1t was decided by the national 
standards laboratorios m the Enghsh- 
speaking world to adopt the definition 1 
yard = 09144 metre for scientific and 
technological purposes This definition 
is now legal in the United States and 
Canada, and will shortly be so in all the 
countries of the Commonwealth, the 
exigencies of legislation had delayed 
legal action in Britain, but, as already 
stated, the Weights and Moasures Act, 
1963, recerved the Royal Assent in July 
1963 and the provision that the yard shall 
become 0 9144 metre will come into force 
on January 31, 1964 An outcome of this 
Act and the re-defintion of the metre 
is that the yard 1s now related precisely 
to wave-lengths of a standard radiation 

The National Physical Laboratory was 
m a position to apply the new definition 
of the yard as soon as need be, indeed, 
for science and technology ıt had been 
using this definition since 1959 But 
because ıb ıs to be called on to pronounce 
on the present value of the former 
Imperial Standard Yard (now to be called 
the United Kingdom primary standard 
of the yard and referred to here as 
the Yard No 1) and its copes m 
terms of the yard unit equal to 0 9144 
metre, and for reasons of history, it 
was decided to re-compare these stand- 
ards and to assess all of them directly im terms of the 
metre so that the results could be held m readmess 

Through the courtesy of the Standard Weights and 
Measures Department of the Board of Trade the various 
yard standards were made available to the Laboratory, 
which already has the custody of the national copy (No 
16) of the former international metre The yard standards 
were intercompared m the National Physical Laboratory 
Standards Division transverse comparator following the 
methods deseribed in the Board of Trade Reports 1950 
(ref 4) and 1957 (ref 5) Included m the comparisons 
was @ nickel transfer standard No 184, bearmg both yard 
and metre intervals related so as to facilitate hnkage with 
the metre®. This same mekel standard was then compared 
with the national metre No 16 and a number of National 
Physical Laboratory workmg standard metres which it 
was convenient to melude in order to ascertain ther 
present values The value of the metre No 16 was known 
both on the basis of comparisons with other metre stan- 
dards at the Bureau International des Poids et Mesures 
and through direct determinations in wave-lengths of 
krypton-86 at the National Research Council, Canada’ 
It was, therefore, possible to assess the present values of 
the yard standards m terms of the metre on both bases 
and to add a further point to the graph relating the Yard 
No 1 and the metre The results in Table 1 have beon 
obtamed m terms of the mternational metre defined m 
wave-lengths in 1960 and the 1963 yaid equal to 0 9144 
metre 


0 914 399 


0 914 398 


Metre 


0 $14 397 


1890 


Metre 


Basis 
Standard 184) 


Table 1 


Values of the national yard standards in May 1963, in terms of wave-length 
international metre and the 1963 yard 


Value at 62° F (16 667° C) 


Yard standard Deficienev in relation 


Metre to the 1963 yard 
No 1 0914 396 9 0000 12 in 
No 2 0914 396 2 0 000 15 
No 3 0914 3951 0 000 19 
No 5 0914 3959 0 000 16 
No VI 0914 389 8 0 000 40 
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Fig 1 Values of Yard No 1 in terms of the metre as defined 1n 1889 


Error (in ) compared with 1963 yard 


90 1900 10 20 30 
Fig 2 The yards m terms of the former International Prototype Metre and the 1963 yard 


70 80 40 1950 60 


1963-1922, yards compared with metre No 16 (via National Physical Laboratory 
1922-1852, extrapolation of Yard No 1 and comparisons between yards 


Fig 1 gives values of Yard No 1 smce the turn of the 
century For consistency these values are based on the 
values of metre No 16 derived from the imternational 
prototype metre (used before the wave-length definition 
was adopted) The 1895 value was obtamed at the 
Bureau International des Poids et Mesures by comparing 
Yard No VI and another yard (No 12) in all combmations 
with two subdivided metre standards, the comparisons 
beng carried out by means of calbrated micrometer 
eyepiece microscopes, Yard No 12 had previously been 
compared with Yard No VI which itself was known m 
terms of the Imperial Standard. 

The method used was not comparable with that later 
adopted, and though the result helped ın 1948 to establish 
for the first tıme the instability of the yard system ıb 1s 
regarded as too old m relation to the present behaviour 
of the yard and too uncertam in relation to recent results 
to warrant its bemg given much weight now The lme 
in Fig’ 1, which 1s accordingly based on the values found 
over the past 40 yeais only, shows that the Yard No 1 
has decreased m length at the rate of 1 part per mullion 
in twenty-three years, corresponding closely to 0 0001 m 
so far this century 

Fig 2 includes the nformation in Fig 1 on a reduced 
scale and shows the correspondmg values for the other stan- 
dards. Prior to 1922 no comparison of equal relhability 
exists, so the 1963/22 hne has been extrapolated back- 
wards, and this extrapolation, together with the observed 
errors of the copy yards m relation to Yard No 1, yielded 
the plotted values for this period 

It may first be noticed that on this basis the value of 
Yard No 1 was exactly 09144 metre, that ıs, the 1963 
legal yard, ın 1884 The new definition of the yard there- 
fore lays down @ value equal to that defined by the 
Imperial Standard Yard in the early days of modern 
metrology Secondly, while at first sight 1t 1s curious that 
the values for Yard No 1 he much more closely on a 
straight line than do those for the standards 2, 3 and 5 
this ıs probably due to the slightly better quahty of the 


732 


fiducial Imes on this standard This supposition 18 sup- 
ported by the results for Yard No VI, on which the lines 
ere perhaps,a httle better still, and for which over the 
period 1922-63 consistency of behaviour im the region of 
about 01 um, or about 1 part m 10 mullon, has been 
experienced 

The early history of Yard No. VI 1s one of rapid shorten- 
ing. Ths standard was imutially m extremely close 
agreement with Yard No. l, but ıb 1s now 7 um (about 
2 5 ten-thousandths of an inch) shorter than No 1 and 
10 um (00004 m) shorter than orginally. But for a 
shght discontinuity between 1912 and 1922 (due perhaps 
to a minor shock) 1t mught have been even shorter now 

The results on Yards 2, 3 and 5 have been much more 
wregular Those for Yard No 3 are particularly erratic, 
and it 1s interesting that this standard has been kept 
with the Pound No 2 which has also been a little unstable’ 
Both the Yards 3 and 5 changed considerably in relation 
to Yard No 1 between 1892 and 1902 Ineidentally, 
while Yard No 1 may have decreased similarly to No VI 
(Fig 2) m its early days, the spread of the values at any 
given time would be unaffected if this were allowed for. 
Broadly, Fig 2 shows that Yard No 2 has agieed with 
Yard No 1 very closely throughout their existence 

In this article the present values of the yard standards, 
formerly the Imperial Standard Yard and its Parhamen- 
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tary copies, have been presented against the background 
of an indication of the history of the yard from its earhest 
days to the present tume Details of the recent determina- 
tions will be published shortly elsewhere It 1s a far ery 
from grams of barley to wave-lengths of a particular kind 
of hght as emitted under closely defined conditions, 
whereas the earliest yard standards were probably not 
consistent to better than 1 part m 1,000 the present 
definition of the yard admits of a precision, through wave- 
lengths, of 1 part m 108 (ref 8) The present definition 
is likely to meet the requirements for accurate measure- 
ments for a long trme to come For how long, ıt would be 
rash to hazard. 

This article ıs published by permission of the Director 
of the National Physical Laboratory 


Vot. 200 


1 The Statute for Measuring Land, 33 Edward I, Stat 6,4 D 1305 (m Latin) 

“Airy, G B, Phi Trans Roy Soc , 147, 621 (1857) 

3 Barrell, H , Proc Roy Soe , A, 186, (1946) å ee 

4 C o m 
a Ge tase Candard Ferd and the Facer Standard 
Pound and unth each other during the Years 1947 to 1948 (HMSO, 
eee nett the Parhamentary C. f the Impera 

b 0 arluamen 23 0 mpe 

pact ee pada tn Plas the Year 195 7 (Ht MS O , London, 1958) 

‘Sears, J E, Johnson, W H., and Jolly, H L P, Phu Trans Roy Soc 
227, 281 (1928) 

? Hart, K H,and Baird, K M , Canad J Phys , 89, 781 (1961) 

s Barrell, H , Nature, 189, 195 (1961). 


OBITUARIES 


Dr. Graham P. DuShane 


GRAHAM Puitiies DuSsans, editor of Science durmg 
1956-62, died of a heart attack on July 19, 1963 Earlier 
w the spring he had been m hospital for five weeks 
recuperating from a mild coronary attack Recovery was 
apparently thoroughly satisfactory, the mtervenimng 
period had been one of partial rest and gradual resumption 
of his duties, at the time of his death he was on a 
leisurely trip from his home in Nashville, Tennessee, to 
Palo Alto, Calforma The fatal attack thus came as an 
unexpected shock to family and friends and brought to 
an untimely end DuShane’s career as experimental 
embryolopist, teacher, editor and university admunis- 
trator 

Graham DuShane was born m South Bend, Indiana, 
on July 20, 1910, son of Donald and Harriette Graham 
(McLelland) DuShane He received the Bachelor of Arts 
Degree from Wabash College ın 1930, which awarded him 
an honorary LLD degree in 1958 From Wabash 
College he went to Yale University to become a student 
under Prof. Ross Harrison, through whose guidance 
he received the PhD degree m 1984 The summer of 
1931 was spent m Munich and the year 1934-35 as a 
research associate at the University of Iowa Receipt of 
one of the highly coveted National Research Council 
fellowships allowed him to spend the following year at 
Stanford University  Durmg 1936-46 as mstructor, 
assistant professor and then associate professor of biology 
in the University of Chicago he continued his research m 
experimental embiyology of the amphibians, the develop- 
ment of pigmentation and the nervous system, and the 
induction of melanin by strange ectoderms ‘His most 
significant research contribution was the finding in 
amphibians that cells mgrate outward from the develop- 
ing neural tube to become pigment cells in the ectoderm. 

At the University of Chicago he also developed a 
reputation as an outstandmgly good teacher, and was 
honoured by the University in 1945 with an award for 
excellence in undergraduate teachmg In 1946 he accepted 
a professorship at Stanford Universit;, where his research 


interests were prunarily carried out by graduate students, 
while his own time was largely devoted to developing 
and supervising the excellent general biology course 
which was taken by most Stanford undergraduates and 
to the revision of the undergraduate curriculum in biology 
that he left as a legacy to Stanford when he became 
editor of Science 

At the begining of 1956 he jomed the staff of the 
American Association for the Advancement of Science as 
editor of Scvence and The Screnirfic Monthly The six and 
a half years of his editorship were years of steady and 
major mmprovement in the quahty, size and eirculation 
of Science The merger of The Scientific Monthly with 
Scrence at the begunnmg of 1958 allowed DuShane and 
his editorial staff to concentrate on the one journal 
Durmg this period he mstituted the series of articles 
entitled “Current Problems in Research”, each of which 
summaiized for a general scientific audience the current 
state of an active field of research Started also as an 
important addition to Sence was the section entitled 
“News and Comment”, which quickly became the most 
widely read and useful source of information for scientists 
about governmental, economic and social actions and 
forces influencing scientific activities Under DuShane’s 
editorship, the cireulation of Sceence grew from 32,000 
to 76,000 

Durmg his years as editor, DuShane received a number 
of mvitations to return to a university post In 1962 one 
came that he decided he could not declme Vanderbilt 
University offered hun the triple responsibilty of a pro- 
fessorship of biology, chairmanship of the biology depart- 
ment and, in the newly created post of Dean of the 
Graduate Sciences, responsibilty for graduate research 
and, education m the basie sciences, medieme and engin- 
eering 

He was a member of the American Association for the 
Advancement of Science, the American Society of Zoo- 
logists, the American Association of Anatomists, Sigma 
x1, and Phi Beta Kappa He was a consultant to the 
President’s Science Advisory Committee and a member 
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of the Board of Trustees of Brological Absiracts At 
Stanford he served as president of the local chapters of 
Sigma X1 and the American Association of University 
Professors He is survived by his wife, Susan Elizabeth 
(White) DuShane, three daughters, and two brothers 
Dati WOLFLE 


Dr Don E. Eyles 


Dr Don E Eves died on October 4, 1963, of coronary 
thrombosis on board ship in Penang, Malaysia, a few hours 
before he and his family were due to return to the Untied 
States This sudden death of an outstanding scientist and 
excellent colleague was particularly tragic, as Dr Eyles 
was about to retire after twenty-four years’ work for the 
US Public Health Service to jom the Lahore (Pakistan) 
Unit of the Institute of International Medicme of the 
University of Maryland School of Medieme 

Dr Eyles was born m 1915 m Atlanta, Georgia, and 
obtained his MS (Biology) at Emory University and his 
Sc D at the Johns Hopkins University in Baltimore 

Durmg the early period of his academic hfe he was 
interested ın ornithology and medical entomology, but 
later much of his work was connected with mvestigations 
on malaria umported mto the United States by returnmng 
Service-men, and with curative action of drugs against 
relapsmg malaria infections The difference between the 
effect of pyrimethamme and primaquime on the tissue 
forms of malaria parasites became clear as a result of this 
work ‘The curative action of pyrrmethamie and sulpha- 
diazine, and the synergistic effect of these drugs m toxo- 
plasmosis, were reported by Eyles et al ın 1952, and these 
findings were promptly confirmed in acute and chronic 
forms of the disease Much knowledge of the epidemiology 
of toxoplasmosis was due to the work of Eyles on the 
relationship between the infection ın domestic animals 
and its transmission to man. 

In 1960 Dr Eyles, taking a clue from his accidental 
laboratory infection, showed that Plasmodwm cynomolgr 
basanella of monkeys can be transmitted to man through 
a mosquito This started much new and still expending 
research on the possibility of simian malaria as an 
anthropozoonosis 

In 1961 Dr Eyles was given the task of establishing a 
research unit of the US Pubhe Health Service ın Malaya 
and he went to the Far East accompanied by his wife and 
three children The research unit was set up at the 
Institute for Medical Research m Kuala Lumpur and 
within less than three years Eyles and his Malaysian, / 
American, British and Australian colleagues produced a 
remarkable series of mvestigations which have greatly 
extended our knowledge of suman malaria Five new 
species of malaria parasites of Malaysian monkeys and of 
a moose-deer were discovered and their relationship to a 
number of anopheline vectors was established 

A new area for further research of considerable funda- 
mental and practical importance was thus opened in a 
field that until recently seemed to be ummspirmg and 
well-trodden The umpetus given in this way to the 
investigation of simian malaria was characteristic of 
Eyles’s vision, determination, leadership and phenomenal 
energy Durmg the past year Eyles was greatly mterested 
in the problem of resistance of human plasmodia to 
synthetic drugs and particularly 4-aminoguinolhnes He 
left a number of papers which are now awaiting publica- 
tion 

Some of us who saw Eyles in September at the Inter- 
national Congresses of Tropical Medicine in Rio de Janeiro 
and who heard his summary of the work carried out in 
Malaya could not help saying that he seemed to be in a 
hurry to complete one job to start another He was ina 
hurry, indeed, for his “appomtment m Penang” 

Eyles’s work resulted ın more than a hundred publea- 
tions He has demonstrated his qualities as an admunis- 
trator of a research laboratory and his brilliance and 
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versatihty as an investigator of general and specific 
problems in parasitology One of Eyles’s most important 
assets was his abihty to work with a team, he has un- 
doubtedly stumulated ın others as much research as he 
has been personally responsible for His proficiency m 
experimental work in parasitology was equalled by his 
general knowledge of ormthology, botany and entomology 
He was an intensely lve mdividual—an inveterate 
collector of almost anything, biological or otherwise— 
universally hked and admured by those who have had 
the good fortune to know hm during his short, happy 
and fruitful life L J. BRUCE-CHWATT 


Mr. Douglas P. R. Petrie 


Doveras PETRIE died at his home suddenly on October 
13, aged fifty-two He was born in Austraha, graduated 
m Melbourne in 1931 in physics, took his M Se under the 
late Prof Laby two years later, havmg worked on X-ray 
vacuum spectroscopy and on this gamed an 1851 Ex- 
hibition Overseas Scholarship which he held ın the 
Cavendish Laboratory Here he worked with Dr M L E 
(now Sir Mark) Oliphant, developing the electron opties 
for a hydrogen ion gun and for a very high voltage dis- 
charge tube, one of the first essays ın electrostatic focusing 
to be performed on 10n accelerators He was awarded 
the M Se for this work 

In October 1937, he jomed the research staff of the 
Valve Department of Standard Telephones and Cables, 
Ltd Like most of this staff, he was soon brought mto 
the development of decimetre- and centimetre-wave 
oscillators for airborne radar sets and worked on this 
throughout the War Petrie’s great physical and mathe- 
matical skill played an extremely mmportant part m the 
development of practical continuous-wave oscillators for 
various wave-lengths from 6-20 em which were used for 
a variety of operational and instrumental purposes The 
development of these required much detailed calculation * 
of the distribution of high-frequency electric fields He 
discovered and proved a new theorem in electrostatics, 
which made ıb possible to replace mteligent guessmg by 
accurate quantitative design 

Little of his war-time work could be published at the 
time ıb was performed, but at the end of the War he 
collaborated with other members of the team to write a 
major paper on the principles of velocity-modulation 
which received the Institution of Electrical Engmeers 
Radio Section premium award for 1946—47 

After the War he jomed the Associated Electrical 
Industries Research Laboratory as a section leader, 
jointly with Dr D R Chick, to develop the Company’s 
interests m nuclear physics, and together they were 
responsible for designmg and constructing a 4-MeV 
electrostatic generator operating under high gas pressure, 
1t beng the Company’s intention to exploit the patents 
of Dr van de Graaff m Great Britain under heence The 
construction and use of the machine served to tram the 
first generation of scientists in Associated Electncal 
Industries for the commg nuclear power developments, 
but in addition very many new ideas were mcorporated 
into this machine, ın particular, Petrie’s experience of 10n 
focusing Before the idea of tandem generators had been 
developed, Petrie and Dr Chick in 1948 bogan the investi- 
gation of a helical slow-wave structure to accelerate ions 
emerging from the van de Graaff generator then being 
built, and, with others, he designed and constructed a 
puot length of 1 metre, mto which 2 5-MeV protons were 
injected and accelerated successfully to 4 MeV This would 
certainly have been contmued but for the proved success 
of the tandem generator, the first of which to be built by 
the Associated Electrical Industries incorporated a number 
of significant 1mprovements due to Petrie 

Petrie then turned to electron optics and took charge 
of the Section dealing with this subject He developed 
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the lens designs for a one-mulhon-volt electron microscope 
which might have given a resolving power of 1-2 A and 
worked out the theories of quadruple and octuple sys- 
tems for correcting spherical aberration, ho set up an 
experimental electron-optical bench for the measurement 
and correction of spherical aberration and devised, com- 
puter programmes to solve related problems His great 
mathematical ability coupled with a keen physical insight 
kept his work ın the forefront of what was required by 
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the industry, and he keenly wanted to jomm the engmeering 
team responsible for instruments based on electron optics 

He was of a quiet disposition, and thought deeply 
before he spoke, his pronouncements were always 
appreciated by his colleagues and staff In earher life 
he had composed music which had been played m public, 
and he was a good tennis player 

He leaves a widow and one son 

T E ALLBONE 


NEWS and VIEWS 


The Royal Society Awards: Royal Medals 


HM Tae Queen has approved recommendations made 
by the Counen of the Royal Society for the award of the 
two Royal Medals for 1963 as follows to Prof H H 
Read, emeritus professor of geology m the University of 
London and Semor Research Fellow m geology, Imperial 
College of Science and Technology, London, for his out- 
standmg contributions to the understandmg of the 
processes of rock metamorphism and the origins of granite, 
to Dr Robert Hull, member of the staff of the Agricultural 
Research Council, for his distmguished work m the 
biochemistry of plants, especially for his contributions to 
knowledge of photosynthesis 


Mathematics in the University of Warwick : 
Dr E C. Zeeman 


Dr E C ZEEMAN, whose appomtmoent to the chair of 
mathematics ın the new University of Warwick has 
recently been announced, has, since the War, been one of 
the leadors of the school of topology in Cambridge, where 
he is a University lecturer in mathematics and a Fellow of 
Gonville and Caius College His work has been mainly ın 
the geometrical theory of manifolds and he has taken a 
leading part m the recent revival of purely combinatorial 
methods mn this subject He had a large share ın the work 
which led to the proof two years ago of the Poincaré 
hypothesis for spaces of dimension 5 and upward, a 
famous conjecture which had been outstanding for many 
years ın spite of many attempts on ıt He has also recently 
put forward an mteresting theory of the functioning of 
the bram, and especially of the processes of vision, based 
on concepts taken from those of general topology 
Dr Zeeman’s loss 1s bound to be keenly felt ın Cambridge, 
where he ıs the centre of an active research group He 
will have the good wishes of all for his success m building 
a new school at Warwick 


Inorganic Chemistry at Monash University * 
Prof B. O West 


Dr B O. West has been appointed to the newly 
established chai of morganic chemistry at Monash 
University Dr West, who was born ın 1928, was educated 
at Adelaide Boys High School and the University of 
Adelaide After graduating with honours m physical and 
morganic chemistry ın 1949, he.jomed the staff of the 
Chemistry Department of the University of Adelaide, 
where he held the positions of demonstrator, lecturer and 
semor lecturer and was, m 1962, appointed reader in 
morganic chemistry Durmg this period, m 1953-54, 
he spent two yeais at the University of Cambridge, where 
he held a Rhondda. research studentship at Gonville and 
Caius College, and worked m the inorganic chemistry 
rosearch laboratories Dr West’s maim research imterest 
has been ın the chemistry of co-ordination compounds 
and he has made significant contributions to our know- 
ledge of the preparation and reactions of the mner com- 
plexes More recently, he has also become interested in 
the chemistry of organometallic compounds and has 
developed new methods for the synthesis of compounds 


containing both fluoroalkyl and alkyl or aryl groupings 
attached to the same element 


Bio-Engineering at the Royal College of Science and 
Technology, Glasgow 


TuE Council of the Royal College of Science and 
Technology has announced the formation of a Bio- 
Engmeering Unit within the Department of Mechanical 
Engmeermg, Dr R M Kenedi has been appomted 
research professor, as from October 1, 1963 Work in this 
field first commenced ın the Department of Mechanical 
Engineermg ın the College some six years ago with 
experimental studies of skin tension m the human body 
and with the appheation of refrigeration techniques in 
hypothermia Since then, the Department’s research 
activity ın this field has greatly mtensified m close 
co-operation with Glasgow’s teaching hospitals Co-opera- 
tion. takes the form of direct collaboration between sur- 
geons, physicians and engineers, working as combined 
teams m the College engmeering laboratories, the hospital 
wards and operating theatres and the various medical 
research departments as required Thus the medical 
side 1s allowed every opportunity to become familiar with 
the available relevant engmeering techniques, while the 
engmeers are taken directly into the hospitals to become 
fully acquamted with particular medical problems under 
consideration m relation to the human patient The Unit 
will be admmustered by the Department of Mechanical 
Engineering m the College in association with a Steering 
Committee The primary duty of the Steermg Committee 
will be to sereen the projects put forward for mvestigation 
and to authorize work on such as seem suitable and 


practicable. 
Dr R M. Kened: 


Dre R M KENEDI graduated B Se with honours in 
civil engmeermng at the University of Glasgow in 1941, 
and was awarded the degree of Ph D (Glasgow) m 1947 
He was awarded the honorary degree of CH of the 
National University of Engineermg, Lima, Peru, in 1958, 
and is an Associate Member of the Institution of Mechanı- 
cal Engineers and en Associate Fellow of the Royal 
Aeronautical Society He jomed the staff of the College 
m the Department of Civil and Mechanical Engineering in 
1941 and was appointed to a senior lectureship m 1947 
Ho became reader in strength of materials in 1956, a post 
which he has held until lis present appomtment In 
addition to his academic duties, Dr Kenedi has pursued a 
wide range of rosearch mterests, many connected with 
mdustrial problems In 1957 he carried out a two-month 
tour of universities and industrial research centres in the 
United States, surveying current research on cold-formmg 
processos and products for the Cold Rolled Sections 
Association, and m 1958, as a result of a jomt mvitation 
from the Universidad Nacional de Ingeniena, Lima, and 
the British Council, he spent some six weeks m Peru, 
lecturmg and advismg on the contents of engineering 
courses and on the planning of a materials testmg labora- 
tory Dr Kenedi was born in Hungary and became a 
naturalized British subject m 1947 
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Nuffield Unit of Medical Genetics at the University 
of Liverpool 


Tue Trustees of the Nuffield Foundation are to make a 
grant of up to £350,000 to the University of Liverpool in 
support of the capital and running costs of a proposed 
Unit of Medical Genetics This Unit will be established 
under the egis of the Department of Medicine It 18 
anticipated that the grant from the Nuffield Foundation 
wil meet the major part of the cost of the Umit for a 
period of nme years - The University has undertaken to 
assume full responsibility for the Unit from the begmning 
of the academic year 1972-73 Since 1953 an increasmg 
amount of work in human genetics has been carried out 
m Liverpool At the present time there are ten workers 
investigating human genetics problems m the Depart- 
ment of Medicine under Lord Cohen of Birkenhead ‘The 
emphasis throughout has been on mvestigation mto the 
causes of common diseases, among them duodenal ulcer, 
rheumatic fever, rheumatoid arthritis, Rh hemolytic 
disease and its prevention, leukemia and other cancers, 
thyroid disease and schizophrenia Dr C A Clarke, 
reader in medicine at the University, will direct the Unit 
of Medical Genetics, which will work in close association 
with Prof P M Sheppard, head of the Department of 
Genetics at Liverpool, with Prof E B Ford, of the 
University of Oxford, and with other universities 


The Imperial College of Science and Technology and 
the Indian Institute of Technology (Delhi) 


THe Imperial College of Seience and Technology, 
Umversity of London, has entered mto special relation- 
ship with the Indian Institute of Technology (Delhi), 
formerly the Delhi College of Engineering and recently 
raised by the Government of India to the status of an 
institute of national importance The British Government, 
in collaboration, with British mdustry, has given sub- 
stantial financial assistance towards the new Institute’s full 
development Parallel academic assistance will be pro- 
vided through the special relationship with the Imperial 
College This will be made possible through financial help 
from the Department of Technical Co-operation Dais- 
cussions are now proceeding in London between Dr 
Thacker, chairman of the Board of Governors of the 
Indian Institute, Sir Patrick Linstead, rector of Imperial 
College, and Sux Wills Jackson, chairman of the British 
Technical Committee The scheme will involve long-term 
secondments of Imperial College staff, training of Indian 
staff at the College and short visits to Delhi by senior 
College staff Academic assistance is already ın bemg 
for example, the chair of mechanical engmeermg at the 
Indian Institute has been filled for more than a year by 
Prof N P W Moore He 13s on long-term secondment 
from Imperial College, where he holds the post of reader 
m the Department of Mechanical Engmeermg 


The Council of Scientific and Industrial Research, New 

Delhi. Publications 

THe present publications of the Couneil of Scientific 
and Industrial Research, New Delhi, include the Journal 
of Screniific and Industrial Research, a monthly general 
science periodical, replacing the Journal of Screnisfic and 
Industrial Research Section A-—-General, the Indian 
Journal of Chemisiry, a monthly research periodical 
devoted to ormgmal communications in chemistry (in- 
cluding biochemistry), replacmg the chemistry part of 
Section B—Physwal Sciences, Indian Journal of Pure 
and Applied Physics, concerning original communications 
m physics, replacmg the physics part of Section B— 
Physecal Scrences, the Indian Journal of Technology, 
agam a monthly research periodical dealing with applied 
sciences and technology, replacing Section D—Technology , 
and the Indian Journal of Experimental Biology, a quar- 
terly research periodical embracing origmal communica- 
tions of an expermental nature m the biological field, 
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replacing Sectson C—Brological Scrences The Indian 
Journal of Technology (1, No 6, June 1963) gives details 
of the aforementioned changes and coverage of the sub- ` 
jects sponsored by the Council Thuis particular issue 16 
notable for the range of subjects discussed, mcluding 
investigations on activators for vulcanization of rubber, 
oxidation of cellulose by chromic acid m presence of 
hydrated oxides of metals, modification of lac esteri- 
fication of lac with allyl alcohol, mvestigations of stamped 
charging of coals for coking, utilization of ignite dust 
for makmg granular products, observations on the thea- 
flavin gallate and thearubigins of black tea, chemical 
composition of mackerel (Rastrellger canuguita) changes 
in the nutritive value durmg storage, dehydration of 
green peas These papers are followed by short com- 
munications traversing an equally versatile range of 
subjects 


The British Glass Industry Research Association 


THE eighth annual report of the British Glass Industry 
Research Association presents brief accounts of seven 
major projects, largely carried out in what is clearly the 
closest co-operation with the mdustry itself (Pp 44 
Sheffield The British Glass Industry Research Associa- 
tion, 1963) Among some highly interesting’ operational 
work 1s an mter-firm comparison of the performance of 
contamer furnaces, from which differences in British and 
American practice were brought mto prommence Amer- 
ican practice leans towards higher temperatures and 
higher melting rates, and ıb ıs interesting that of 142 
American furnaces noted, none was now using producer 
gas, while a third of the 100-odd British furnaces were 
still on this fuel, although its use has fallen by a half m 
the past ten years Other operational exercises dealt with 
batch mixing and handling in the foundmg problem and 
with inspection and handling of glassware There are 
some interesting and unsolved problems ın the loss of the 
strength durmg storage, a phenomenon which 1s also 
observed for some ceramic products Fundamental work 
on strength has contmued with particular reference to the 
possible appheation of 10on-diffusion techniques to con- 
ventional mass-produced glassware, and it has been 
demonstrated that 1on-diffusion processes can mecrease 
the strength of abraded unetched samples from about 
30,000 lb fin? to 90,000 Ib /m? On the technological 
scale, stress configurations on large glass panels undor 
uniform, loading are bemg investigated by stram-gauge 
techniques Considerable progress has been made on the 
examination of heat transfer from glass through the 
mould, and the condensation aspect has been solved An 
analogue computer has been built to extend the mvesti- 
gation to take account of heat transfer by radiation The 
report concludes with a note on the information service 
and a list of reports and publications It ıs depressing to 
read that “the rising costs of running the Association 
have not been matched by any merease of mcome”’ and 
that a planned reduction of staff ıs contemplated One 
must deplore that a massive national asset ike the family 
of research associations should have to see any of 1ts 
members financially embarrassed 


History of Science 


VOLUME 2, 1963, of History of Scsence, an. annual review 
of hterature, research and teachmg, 1s noteworthy for 
F Maddison’s survey, with bibliography, of sources and 
modern studies of early astronomical and mathematical 
instruments, W A Smeaton’s paper, “New Light on 
Lavoisier the Research of the Last Ten Years’, and 
R E Schofield’s article on the needs and opportunities 
for research into the histories of scientific societies Under 
the title “Merton Revisited”, A R Hall contributes a 
critical re-exammation of R K Merton’s article in 1938 
on science, technology and society in sevonteenth-century 
England, while A H Ewen describes a sixth-form course 
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in the history of the philosophy of science Among the ton 
essay reviews may be mentioned D T Whiteside’s dis- 
cussion of the scientific papers of Newton; R W. 
Southern on technology and history, and D 8 L Card- 
well on science in the nmeteenth century History of 
Science 18 edited by A C Crombie and M A Hoskin and 


~ published by W. Heffer and Sons, Ltd , Cambridge (paper 


bound, 21s. net, cloth bound, 30s net) 


The Society for the Promotion of Nature Reserves 


Tae 1963 Handbook of the Society for the Promotion 
of Nature Reserves includes, besides the forty-nmth 
annual report covering the year ended March 31, 1963, 
and the accounts and balance sheet, a report on the 
Council for Nature, membership of which has risen to 
339, and lists of the Society’s reserves and local com- 
mittees, officers and Council, Naturalists’ Trusts and 
members and associates (Pp 44 London The Society 
for the Promotion of Nature Reserves, British Museum 
(Natural History), 1963 10s). Annexes to the report 
list purchases completed durmg the year with the aid of 
the Nuffield Loan Fund The report ıneludes brief accounts 
of activities during the year on the Society’s own reserves, 
and ın that relatmg to Dancer’s End, Buckinghamshire, 
reference 18 made to the pulage of wild flowers and the 
difficulty of restricting such pillage 


African Engravings and Decorations 


THe Museu do Dundo, run by the Portuguese Diamond 
Co of Angola (Diamang), has long been famous for 1s 
splendid publications concerned with ths cultures, past 
and present, of the country The latest, Cabacas Gravadas 

“da Iunda, by Mario Fontinha and Acácio Videira, 18 con- 
cerned with the engravings and decorations on calabashes, 
which are used to-day as drinkmg-vessels, mugs, funnels, 
boxes, ete (Publicacoes Culturazs No 67 Pp 178 (34 
plates) Lisboa Companhia de Diamantes de Angola, 
1963) The engravings are made with a sharp knife, the 
blade bemg thick or thin according to the lesser or greater 
delicacy of the strokes to be made The volume 1s largely 
a picture book ulustrating a considerable number of these 
engravings For the most part, conventionalized human 
beings are depicted, some of them very amusing to look 
at But animals, equally stylized, and patterns also occur 
One interesting figure represents a man driving a motor- 
car The economy of lme would probably please many 
modern European artists For those interested ın pre- 
historic and primitive art it is always well to take note 
of a modern art group made by modern primitive peoples 
This work can be strongly recommended, both for its 
scientific value and as an intriguing picture book. 


Distance of the Andromeda Galaxy 


THe lato Dr W Baade was mterested m extendmg 
our knowledge of the stellar populations and obtaimmg 
a more accurate distance of the Andromeda Galaxy. For 
this purpose he selected a number of fields at varying 
distances from the centre of the Galaxy and obtamed a 
large number of photographs The results for one field 
have now been comploted by lus associate, Miss H H 
Swope (Astronomical J , 68, 435, 1963) They refer to a 
field 96’ south preceding the nucleus ın a vory distant 
outer spiral arm, selected for 1ts low content of absorbing 
material More than 150 variable stars have been found, 
and. of these, twenty Cepheids have been mvestigated in 
detail, obtaining bmghtnesses and periods of variation 
The Andromeda cepheids are systematically roddened 
in comparison with those in our own Galaxy, but ıb 18 
thought that this reddening arises mainly in our Galaxy 
and not in the Andromeda Galaxy The Cepheids are 
further from the centre of the Andromeda Galaxy than 
the Sun ıs from the centre of our own Galaxy The 
unreddened distance modulus turns out to ba +24 20 
magnitudes, The distance ıs 690 kiloparsees (2 25 milhon 
hght years) with an uncertainty of at least 50 kiloparsecs 
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Textile Research at the Lédz Technical University 


Tue theory of fow m the multi-branched siphon 1s 
developed m No 9 of the Teatidle Scrences (Wiskrenmectwo) 
series of the Scientific Bulletin of the Lódz Technical 
Unwersity (Zeszyty Naukowe Poltechmki Lédzkiey) This 
siphon 1s the maim feature of Prof Atanazy Boryniec’s 
imvention for spmning staple viscose fibres in a hydraulic- 
ally closed system to which gases harmful to health may 
be confined Other papers deal with the role of sulphuric 
acid mn the acetylation of cellulose; the use of melamme— 
urea—formaldehyde mixed precondensates for umparting 
crease recovery to linens and viscose~flax blends; benzyla- 
tion of cellulose; stabihty of knots ın fishmg nets, 
structural changes im polyacrylonitrile fibres durmg 
drawing and heat treatment All papers are m Polish, 
but there are Russian and Englsh summaries, which are 
sometimes extenstve. The Bulletin 1s mimeographed and 
appears about once a year. It ıs edited by Dr Witold 
Zurek, and copies are obtamable from Redakcja 
Wydawnictw Naukowych Politechnik: Łódzkiej, Łódź, 
Gdańska 155, Poland 


New Coagulant Aids for Removal 
Partıcles 


FELOccuLANTS facilitating removal of suspended solids 
from sewage and industrial wastes, also m pre-treatment 
of raw water similarly charged, are now reinforced with 
what are described as ‘“ . new coagulant aids. liquid, 
water-miscible polyamines (cationic polyelectrolytes)” 
These products are known as ‘Primofloc C-3 and ‘Primo- 
floc C-5’ and are now beimg offered on a commercial scale 
by Rohm and Haas, Philadelphia, Pa, well known for 
their manufactures of plastics, synthetic resins and 
chemicals for many mdustnial applications <A recent 
issue of the Rohm and Haas Reporter (21, No 3; May- 
June, 1963), a colourful and informative house-organ 
(distributed m Britam by Lennig Chemicals, Ltd , Bedford 
Row, London, WC 1), gives full details of these com- 
pounds, also of the many technical services offered m the 
wide field of their mternational activities 


of Suspended 


Treatment of Tuberculosis 


Brerorg the advent of potent and anti-tuberculous 
drugs, the recovery of patients depended entirely on 
natural and acquired resistance augmented by supporting 
treatment This inevitably resulted ın a high mortality 
With the use of anti-tuberculous drugs, especially strepto- 
mycin, 1soncotinie acid hydrazide and para-amimosalicyhe 
acid, the prognosis of this formerly deadly disease changed 
for the better The applecation of adrenocorticotrophic 
hormone or adrenal corticosteroids and their analogues 
achieved equally promising results When hormones were 
first used, reports were discouraging because the hormone 
‘was given alone or for the treatment of another disease 
without enough knowledge of the underlying tuberculous 
lesion ‘To-day, combined treatment ıs increasimgly used 
and often without knowledge of all the facts A com- 
munication by Drs Somchar Bovornkitti, Prasert 
Kangsadal, Pairojana Oonsombatti and Damrong Beyjrab- 
laya of the Departments of Medicme and Physiology, 
Faculty of Medicme, and Sirjay Hospital, University of 
Medical Sciences, Dhonburi, Thailand, reports their 
experience on the use of prednisone concurrently with 
conventional anti-tuberculous treatment im cases of 
tuberculous pleurisy with effusion (Japanese Journal of 
Tuberculosis, 10, No 1-2, June, 1962) Twenty-three 
cases of pleurisy with effusion, presumably tuberculous 
In origin, were treated with a combined régime of pred- 
nisone and conventional amnti-tuberculous drugs 
Prednisone was used for a month The results mdieate 
that the combined treatment 1s suporior to the conven- 
tional anti-tuberculous remedies used alone The results 
of treatment were attributed to the desensitizirg proper- 
ties of prednisone on tuberculin hypersensitivity. 
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Visiting Fellowships in Astrophysics 


APPLICATIONS are invited by the Jomt Institute for 
Laboratory Astrophysics, Boulder, Colorado, for visiting 
fellowships ın theoretical astrophysics, low-energy atomic 
physics and other closely related areas The fellowships, 
tenable for one year or possibly a shorter period, are 
awarded by the University of Colorado for the Institute, 
to provide an opportunity for persons actively contributmg 
to these fields to visit the Institute to contmue their 
studies and research m the field chosen by them ‘The 
amount of the strpend will normally equal the ree:pient’s 
present academic salary adjusted to a twelve-month 
basis The cost of transportation to and from Colorado 
for the recipient and his immediate family will also be 
met by the Institute The closing date for application 18 
January 15 Further mformation and forms of appheation 
can be obtained from the Secretary for Visiting Fellows, 
Joint Institute for Laboratory Astrophysics, University 
of Colorado, Boulder 


The Vernon Prize in Industrial Psychology and Physi- 


ology 

Lue late Dr H M Vernon made a bequest to the 
National Institute of Industrial Psychology expressing 
the wish that the Institute should award a prize every 
second year to the imvestigator who, bemg a British 
subject and under the age of forty-five years, has ın the 
opimon of the Council of the Institute done most valuable 
research work ın service of mdustral psychology or 
industrial physiology The sixth award will be made in 
1964, ıt will consist of approximately £40 in cash and a 
silver medal Recommendations are mvited of the names 
of workers ın this field whom the Counce: should con- 
sider Direct appheations for the award may also be 
made Recommendations or appheations, supported by 
reference to published work and, if possible, copies of 
unpublished but relevant reports, should be made to the 
Director, National Institute of Industrial Psychology, 
14 Welbeck Street, London, W 1, by February 29, 1964 


The David Anderson-Berry Prize 


A DAVID ANDERSON-BERRY Silver-Gilt Medal, together 
with & sum of money amounting to not less than £100 
(280 US dollars), will be awarded by the Council of the 
Royal Society of Edmburgh during 1964 The Prize will 
be awarded for recent work on the effects of X-rays and 
other forms of radiation on living tissues Published work 
will be taken mto consideration xf submitted to the 
Society with the application In addition to direct 
application for the Prize, proposals can be made on 
behalf of others Applications and proposals must be 
sent to the General Secretary, Royal Society of Edin- 
burgh, 22-24 George Street, Edmburgh 2, Scotland, by 
March 31, 1964. 


Courses in Higher Technology 


THE wide vanety of courses in advanced technology 
and management studies available to students m the 
London. area 18 agam presented m a bulletm prepared by 
the London and Home Counties Regional Advisory 
Council for Technological Education (Bulletin of Special 
Courses en Higher Technology, Management Studies and 
Commerce, 1963-64. Part 1 Autumn Term Pp 134 
London London and Home Counties Regional Advisory 
Council for Technological Education, 1963 4s) The 
courses range from elements of law relating to cıvıl and 
mechanical engineering at Battersea College of Tech- 
nology, hydrauhe and electrical control of myection 
moulding machinery at the Borough Polytechnic, a prac- 
tical course in Elhott 803 autocode at Brunel College, the 
economics of tanker operation (shipping) at the City of 
London College, the Lebesgue integral at Hatfield College 
of Technology, solar heat gain at the National College for 
Heating, Ventilating, Refrigeration and Fan Engimeering, 
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gyrodynamics and merbal navigation at the Northampton 
College of Advanced Technology, rapid reading at Slough 
College, and carpet planning at the Technical College for 
the Furnishing Trades 


Announcements 


WE regret to announce the death on November 13 of 
Dr Margaret Murray at the age of 100 (Nature, 199, 119, 
1963) 


Sin WILLIAM PENNEY, deputy chairman of the United 
Kingdom Atomic Energy Authority, has been appointed 
to succeed Sir Roger Makms as charrman of the Atomic 
Energy Authority when he retires ın February 1964 
Su Roger Makins was appomted chairman of the Authority 
m 1960 Sir Wiliam Penney has been a member of the 
Authority since ıb was set up in 1954 


THE Plastics and Polymer Group has instituted an 
annual prize of £50 for the best paper submitted on any 
aspect of pure or applied polymer science ‘The com- 
petition 1s open to all British subjects under thirty years 
of age Full details can be obtaimed from the Secretary, 
Plastics and Polymer Group, c/o Society of Chemical 
Industry, 14 Belgrave Square, London, S W.1. 


Tar Yearbook of the National Institute of Sciences of 
India, 1962, besides the report of the Council, to which 
are appended bief reports on research m physics, chem- 
istry, botany, zoology and physiology, melddes a brief 
account of the foundation of the Institute together with 
the lists of Fellows, membership of Council and com- 
muttees, grants and publications and additions to the 
Library, as well as the rules and regulations (Pp vi+251 
New Delhi National Institute of Sciences of India, 1963 
Rs 15 00) 

Tue 1963 Arthur Stanley Eddmgton Memorial Lecture 
entitled “Mind and Consciousness in Experimental Psy- 
chology” will be delivered by Dr R H Thouless in 
Cambridge on November 29 Furthe: mformation can 
be obtamed from W. B Harland, Arthur Stanley 
Eddington Memorial Trust, Gonville and Cais College, 
Cambridge 

THE annual meeting of the American Association for 
the Advancement of Science will be held in Cleveland, 
Ohio, during December 26-30 Further information can 
be obtamed from Mr Kneeland A Godfrey, American 
Association for the Advancement of Science, 1515 Massa- 
chusetts Avenue N W , Washington 5, D O 


AN introductory course on “The Biology of the Skin” 
will be held in the School of Clinical Research and Post- 
graduate Medical Teaching, University of Cambridge, 
durmg December 9-14 The course 1s mtended primarily 
for registrars and postgraduate students at an early stage 
of their training ın dermatology, but 1s also open to other 
medical practitioners The fee for the course will be 
§ guineas Further mnformation and forms of regstration. 
can be obtamed from the Secretary, Cambridge Univer- 
sity Medical School, Tennis Court Road, Cambridge 


THE forthcoming programme of the recently formed 
Society of Acoustic Technology (see Nature, 197, 23, 
1963) will mclude a meeting on “Acoustics’’, arranged 
jointly with the Liverpool and North Wales Branch of 
the Institute of Physics and the Physical Society at the 
University of Liverpool (December 11), a meeting to 
discuss ‘“Practical Cases of Noise Reduction” at Salford 
(January 16), a meetmg on “Noise ın Ventilation Sys- 
tems” at Manchester (February 21), a meeting on ‘Scale 
Model Techniques” at Salford (April 15), a conference 
on “Planning and Design for Protection from Noise” at 
Coventry (June 1-4), a conference on “Medical and 
Industrial Aspects of Hearmg Loss” at the University of 
St Andrews, Dundee (September 25-27) Further 
information can be obtamed from Dr P Lord, Depart- 
ment of Pure and Applied Physics, Royal College of 
Advanced Technology, Salford. 
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THE GEOLOGICAL SOCIETY OF AMERICA, 1888-1963 


N Decembe1 28, 1888, the geologists of America, 
previously formmg a group withm the American 
Association for the Advancement of Science, started 
their own Society, the Geological Socioty of America, at a 
meeting ın Ithaca The lst of Founder Fellows numbered 
109 
Smee thet tıme the Umted States has progressed con- 
sistently in geological research, due mainly to 1ts wealth 
in geological material The exploration of the West, 
with the paleontologists reporting on fossils, has led to 
important discoveries in the structure, the dynamics 
and the evolution of the vertebrates forming probably 
the most brilhant chapter ın the earher history of geology 
The mvertebrates, though deprived of a solid structure, 
left enough mprints throughout the ages to allow the 
paleontologists to reconstruct a substantial part of their 
biological and evolutionary past The origin of life and 
of the Earth are other subjects closely associated with the 
aims of geology. Coal, ores, petroleum, light and rare 
motals, radioactive elements, all are the concern of 
geologists, who must also be credited for advances m 
prospecting methods, in the study of the ocean floors, 
of wate: resources, earthquakes, and in the techniques of 
surveying and mapping Geological engmeeimg is a new 
development, and if man sets foot on a new planet, the 
chances are that this man will be a geologist 
The Geological Society of America acts as the academic 
body, the guardian of the science of geology and related 
earth sciences Oceanography, seismology, astrogeology, 
the study of meteors, of the crust and the manile of the 
Earth, the behaviour of rivers, wells, lakes, water re- 
sources, the construction of dams and tunnels, hydro- 
electric systems, location of mmes, ther development 
and prospecting, all need the helpmg hand of the 
expert geologist 
The Society soon formed one of the best tramed groups 
of geologists ın the world, and its efforts united and 
encouraged them, and helped them to overcome their 
earlier provincialism Geology had come of age ın the 
United States 
Still, m the early 1930's this was a rather small society 
(600 members), until one of 1ts Fellows and one-time presi- 
dent, a practising geologist, professor and mvesto1, son 
of a prominent Philadelphia family which had been 
better known. for 1ts political connexions, bequeathed half 
his estate to the Society (the other half to the American 
Philosophical Society m Philadelphia) The benefactor 
was Dr Richard A F. Penrose, jun , who died on July 31, 
-1931, leavmg to each society approximately 3,900,000 
dollars, to be considered an endowment, the mcome of 
which was to be used and the capital to be properly 
mvested Probably no other small organization devoted 
to a relatively humble science was ever before so lavishly 
endowed Although, m the succeeding years, the Society 
may have disbursed more than twice the value of the 
endowment, the capital fund still stands to-day in excess 
of the original valuation 
In the years followmg this gift, geological science has 
witnessed an almost explosive evolution to which the 
bequest has not been foreign It revolutionized the 
Society, opened new vistas, supphed needed support, and 
raised the Earth sciences to their mnghtful place in scientific 
research About 40 per cent of the income went to publica- 
tions, and a large share to grants m aid of research 


The journal of the Society, the Geological Society of America 
Bulletin, a prumary objective created m 1890, changed 
from a quarterly to a bi-monthly and, m 1935, to a monthly 
It was the first publication in a position to add inserted 
charts and coloured maps to its text 

But the Bulletin was not enough to provide an outlet 
for manuscripts, particularly those too long or unsuited 
to a journal Fiom this need origmated the more ex- 
tended pubhshing programme of the Society, and the hst 
of 1ts Memorrs and Specral Papers now numbers about 
two hundred These volumes, of permanent value, are 
considered essential tools for research in the Earth 
sciences 

A Bibliography and Index of Geology excluswe of North 
America was authorized m 1932, of which 26 volumes have 
appeared so far, and m this series of annotated references 
the foreign geological literatwe 1s reported This effort 
parallels and complements that of the US Geological 
Survey, which publishes the Bubkography of North 
American Geology 

Another important enterprise 1s the publication of the 
Treatise on Invertebrate Paleontology ın 24 volumes by 
180 authors from all over the world 12 volumes have been 
completed and 12 are in process 

Many geologists prefer accurate maps to descriptive 
texts For ther benefit the Society has allocated funds 
for the production of large wall maps, compiled from 
many dispersed smaller ones Geological maps of North 
America, South America and Mexico, and glacal, tectome, 
physiographic and ocean maps have been completed. This 
work contimues 

Some 1,000 mdividuals have been assisted in ther 
investigations by grants m aid at an average of about 
1,500 dollars a grant 

The Penrose Medal (endowed as early as 1927) 18 the 
greatest honour bestowed by the Society and 1s Inghly 
prized among the awards to which geologists of the world 
are eligible 

Durmg November 18-20 the Geological Society cele- 
brated its seventy-fifth anniversary when 1ts meeting was 
held m New York (at the Hotel Commodore). The roster 
of Fellows, Members, students and guests attendmg, from 
the original 109, exceeded 3,000 

The Geological Society of America has been fortunate 
in the continuity of 1ts leadership Its seventy-five years 
of history have been witnessed ‘by only seven secretaries 
and six treasurers ‘The officers for 1963 are President, 
Harry H Hess, V2ce-President, Francis Birch, Secretary, 
Joe Webb Peoples, Treasurer, J Edward Hoffmeister 

At the tıme of convenmg ın New York, the Society 1s 
leaving rts stately home on the Columbia Campus, where 
for thirty years the welcome mat was out for visiting 
geologists The mat will be moved to 231 East 46 Street, 
the new building acquired this year by the Society 


Durme the seventy-fifth anniversary meeting, three 
general symposia were held (1) Relation of Geology and 
Trace Elements to Nutritional Problems, (2) Geology of 
Ocean Basins and Contmental Drift, (3) The Principle of 
Uniformity 

Awards and medals were presented, namely the Kirk 
Bryan Memorial Award, to Arthur H. Lachenbruch (U S. 
Geological Survey), the Penrose Medal, to Wiliam W 
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L Day Medal, to Keith E Bullen, University of Sydney 
Associated societies took part m the celebrations, namely, 
the Mimeralogical Society of America, the Paleontological 
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the Society of Economic Geologists, the Geo- 
chemical Society and the National Association of Geology 
Teachers Some of these societies also presented awards 
at the meeting i 


PREPARATION AND PUBLICATION OF GEOLOGICAL JOURNALS 


TWO-DAY meeting of editors of British geological 

journals, sponsored by Messrs Ohver and Boyd, 
Lid, was held m Edmburgh durmg October 11-12 
The meeting covered a wide range of topics meludmg 
mstructions to authors, refereemg, preparation of manu- 
seript for printer, relations with printer, design and 
layout of British geological journals, blockmaking, sales, 


' distribution and costs, index cards 


Suggestions as to ways of reducmg editorial chores were 
few. The solution seems to rest largely with the author 
and the better preparation of his script The World Inst 
reference style has been adopted by most geological 
journals in the past few years, but mconsistency in refer- 
ences still remains an editorial problem More uniformity 
in instructions to authors was welcomed by some, but not 
all, of the editors present It was understood that the 
Geological Society of London’s detailed notes to authors 
are due to be revised, and the hope was expressed that 
much of the material m the new edition would prove to 
be of general use Certamly the plea for a more uniform 
treatment and a higher standard of diagrams was welcomed 
by those present 

Mr Thomson (Oliver and Boyd) discussed editorial 
relationships with the printer A clean copy, as always, 
18 much to be preferred Once the printer knows a journal 
style, only a small amount of mark-up, such as the 
centrmg of headings and indenting, 1s required Hoe 
revoaled that printers generally keep notes of the style of 
each journal, meluding the spelling of scientific words 
peculiar to that journal, and that umformuty of style from 
issue to issue 18 achieved by using the same compositor. 

It was agreed that authors did not appreciate the high 
costs mvolved in even mmor alterations (as was proved 
by a visit to the compositors’ room), and all the editors 
welcomed the opportunity of acquirmg copies of Authors’ 
Alterations Cost Money and Delay, produced by the 
British Federation of Master Printers This pamphlet 
would be sent out to authors at the proof stage. The 
suggestion was made that authors should be charged for 
all alterations, printer’s errors apart, that they made to 
the proofs The advantages of this scheme he in the 
saving in costs and m quicker publication smece it might 
be possible to omit the galley proofs and go straight into 
page proof The disadvantage hes in æ less-than-perfect 
final copy m which the errata are confined to a short 
appendix 

Mr Ian Wilson, chairman of the Scottish Council of 


- Industrial Design, provided one of the highhghts of the 


meeting by making a candid assessment of the design and 
layout of British geological journals He classified 
them mto three groups, ‘Pleasmg’, ‘Nothing special but 
some care shown’, and thndly, ‘Nothing done since first 
published’ It would be mvidious to classify them here, 
but several general criticisms are worth makng They 
included. poor type-faces, wrong size of type in relation 
to the length of lme, too yellow a paper, paper too bulky, 
paper of different colours ın the same issue, too many type 
faces (and therefore added costs), generally poor quahty 
of diagrams, and, with one exception, unnecessarily drab 
colours of the covers He wondered why journals did 
not print more frequently on both sides of the art paper 
used for plates He suggested that some schools of art 
or of prmting would welcome the opportunity to re-demgn 


a journal The defence to Mr Wuson’s arguments was 
that more attractive layouts usually cost more money, 
and, if costs increased by, say, 10 per cent, then 10 per 
cent fewer papers would be published, to which Mr 
Wilson rejoined that there 1s little use ın prmting papers 
if they are not readable The general feeling among the 
editors was that presentation could certainly be mmproved 
and that this could be done im collaboration with the 
printer, A useful suggestion made durmg this discussion 
was that the page numbers should be printed on the spine 
of each part 

Mr Hislop (Hislop and Day) discussed methods of 
blockmaking He thought that geological diagrams were 
better than the average, his maim criticism bemg that 
originals are generally too large Reduction to less than 
half size should be avoided He reminded editors and 
authors of the necessity of marking the top of each 
photograph, and of having soft rather than contrast 
prints Contrast can always be mcreased but not reduced 
He thought that Letraset was good for lettermg and 
recommended a new photographic process of lettermg 
called Starlettograph-Lichtsatz (Munich) 

Mr Douglas Grant (Ohver and Boyd) reminded editors , 
of the necessity of watching costs They should ask for 
detailed invoices from their printers so that the costs of 
the different tems such as paper, composition, corrections, 
machining, etc, can be determmed Offprmts should be 
ordered before printing so that the required number of 
plates, and m long articles certam of the prmted sheets, 
can be run off durmg the mam printing Variations m 
type sizes and type faces can increase printing costs and 
should be reduced to a minimum a supply of reviews and 
short articles should be kept so that the part can be 
brought up to a multiple of 16 pages wherever possible 
vertical rules m tables should be removed because of the 
expense of setting 

The meeting was told by Mr Inghs (Olver and Boyd) 
of discounts, commission and distribution. Individual 
small costs add up to umpressive totals, rangmg from 
mvoices at jd each, through envelopes costing 1jd to 
6d for the carton sizes, to postages for larger parts at 
23 3d Small wonder that some journals (not geological 
as yet) find ıt difficult to run to six parts annually and are 
considering a quarterly issue 

Index cards, the last 1tem on the agenda, had been 
tried out by the editors of the Transactions of the Edin- 
burgh Geological Socrety m a recent issue, with the view 
of providing subseribers with abstracts for use in filing 
systems Each copy contamed 5in x3 1m ecards, one for 
each of the papers, bearmg the author’s name, title of the 
paper, journal reference and the author’s abstract (not 
exceeding 250 words) The cost worked out at a httle less 
than ld a card and represented some 3 per cent of the 
total cost of the part Such cards were welcomed, but it 
was felt that their spread to other journals would be more 
influenced by subseriber pressure than by editorial 
decision 

The overall 1mpression at the end of the two days of 
useful discussion was that 1t was greatly to the advantage 
of journals that the editors should see more of the printer 
and that a more satisfactory relationship should be 


established between author, editor and printer 
G Y CRAIG 


- 
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COAL PETROGRAPHY 


HE International Committee for Coal Petrology has 
recently prepared a second edition of 1ts Handbook 

of Coal Petrography which has now been published by 
the Centre National de le Recherche Scientifique, 15 Qua 
Anatole-France, Paris 7e English, German or French 
texts are available from this organization and the Russian 
text from the Academy of Sciences of the USSR, 
each volume costs 54 NF Smee normal retail channels 
will not be used for distribution of this work, a member 
from each nation represented on the Nomenclature Sub- 
commiuttee of the International Committee has been asked 
to contribute a short note about the Handbook to an 
appropriate journal in his or her country In this way 1b 1s 
hoped that coal scientists and petrographers working 
in related fields will be made aware of the existence of 
the Handbook and can obtain a copy, if they wish, from 
one of the aforementioned. sources 

The first edition of the Handbook was pubhshed in 1957 
in glossary form The second edition has been considerably 
expanded and revised It ıs divided mto two parts, the 
first and lengthier dealing with nomenclature, the second 
describing methods of petrographic analysis 

The original publication of 1957 was concerned mainly 
with the Stopes—Heerlen system of petrographic nomen- 
clature of coals and their constituents that 1s used primarily 
m Europe Further terms have been added to this system 
in the intervening sıx years, and the new definitions are now 
included in the Handbook together with a considerable 
number of terms from the Thiessen-Bureau of Mines system 
of nomenclature This is the other principal system of 
petrographic classification and 1b is used mamly ın the 
United States A brief outlme ıs also given of the impor- 
tant nomenclature recently mtroduced in the United 
States by Prof Spackman A summary of the genetic 
classification of the Geological Institute of the Academy 
of Sciences of the USSR 1s also included as well as 
definitions of eleven of the more important terms from 
this system Definitions of a number of general terms 
used in coal petrology have also been added to the Hand- 
book 


Only the petrographic nomenclature of the ‘hard coals’ 
(biturmnous coals and anthracites) 1s considered in the 
Handbook ‘The petrography of the soft brown coals 18 
still under discussion by the Nomenclature Sub-commuttee 
and no terms or definitions have yet been published The 
Handbook is ın the form of a strong loose-leaf folder made 
up of sheets approximately 93 x 6f ım. ın size In the 
nomenclature section, 47 of the 149 sheets are plates 
composed of 108 photomicrographs, 4 sheets contain line 
diagrams Eighty-one terms have been defined mm this 
section, the text giving details of origin, description and, 
m the case of macerals, microlithotypes and lthotypes, 
their occurrence and practical importance Where pos- 
sible, correlation of terms with those m other systems of 
nomenclature have been made Photomicrographs that 
illustrate various features have been taken where necessary 
by transmitted and reflected light, many are in colour 

Methods of analysis have been included ın the Handbook 
becarse they have helped substantially towards better 
definitions of the petrographic constituents of coals The 
Analysis Sub-committee was formed in 1955, and the 
second short section of the Handbook presents the findings 
of the Sub-committee since then Exchange of approxim- 
ately 100 samples between petrographic laboratories ın 
different countries has led to considerable improvement 
in maceral and microlithotype analyses, as well as to the 
formulation of recommendations for the preparation of 
samples and their examination in reflected hght Sixteen 
sheets, two bemg plates and one a line diagram, are 
devoted to general notes on methods of quantitative 
analysis of polished coal surfaces, maceral and miero- 
lthotype analyses on particulate blocks and suggested 
procedures for the preparation of samples 

Although the nomenclature of the ‘hard coals’ 1s now 
woll established, the definitions presented in the Handbook 
are not necessarily final Amendments may be made in 
the future and further terms added to the different systems 
of nomenclature All terms and definitions do, however, 
accord so far as possible with the present state of know- 
ledge in coal petrology D G Mourcuison 


; EXPLORATION OF THE SEA 


HE total water-surface of the Earth ıs estimated at 
70 8 per cent of ıts area, and of this the overwhelming 
proportion 1s represented by the oceans Geological 
science has done much to elucidate the nature, composi- 
tion and\structure of the Harth’s surface, aerial recon- 
naissance and especially modern geophysical techniques 
have, during the past four decades or so, materially 
increased our knowledge, but ıt still remains relatively 
superficial The nature of the Earth’s interior, be ıb 
liquid core or otherwise, is largely a matter of hypothesis, 
although the Operation Mohole project launched in 1961, 
to drill a hole 7 miles deep into the mantle-rock from a 
ship stationed north of Puerto Rico, may, if successful 
with samples from depth, throw further lhght on the 
problem By contrast, exploration of space, the atmo- 
sphere and beyond, ıs being pursued on è vast and ever- 
increasingly costly scale by means of instruments borne by 
rockets and Earth satellites; in the near future we may 
find out what is the geology of the Moon 
In a recent lecture, Sir Frederick Brundett, referring 
to the comparative neglect by science of the sea, 18 


reported to have said that ‘The world must be mad 
to spend more ina year on space research than has been 
spent on studying the oceans ın the last hundred years” 

In a paper read before the Royal Society of Arts (Journal, 
111, No 5086; September 1963) Dr T F Gaskell, 
scientific adviser m the Information Department, British 
Petroleum Co, Ltd, formerly with the Royal Naval 
Scientific Service engaged in research in anti-submarine 
mme counter-measures and beach reconnaissance, pursues 
this theme, explaming why advances in our knowledge of 
the sea have been slow, whut 1s the trend of contemporary 
oceanic investigations and what les im store economically 
and scientifically as we learn more of the sea m 
future 

Dr Gaskell makes some pertinent pomts at the outset 

The sea is a difficult place in which to work ‘“Sea-water 
18 opaque and this ıs the first difficulty that faces the 
oceanographer Most of the tools needed to mvestigate 
the sea must use physical prmeiples which are more 
complicated than the optical methods that are so satıs- 
factory for studymg the surface features of the land ” 
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sea-water contains enough salt to be neither a really 
good conductor of electricity nor a useful msulator, so 
that in this respect also ıt 18 more difficult to work m 
than is the atmosphere The salt water also militates 
against the scientist by bemg corrosive, and to ensure 
that experiments'shall be conducted with the maxumum of 
difficulty and discomfort, the sea surface ıs seldom still ” 
Again, “The greater part of the oceans ıs about three 
mules deep, so that when apparatus must be lowered to 
the sea-bed long cables are needed” 

Undoubtedly the navies of the world, especially those 
of the great maritime powers, during and since the 
Second World War, have contributed much to our know- 
ledge of the sea itself, also of the shape of the deep sea- 
floor; this 1s an important factor for submarines, now 
accustomed to diving much deeper and stayimg submerged 
far longer than formerly Detection of submarines 
demands an understanding of sound-wave propagation in 
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the sea-water medium, which ın turn requires more accu - 
ate measurements of temperature and density distribution 
inthe oceans Of the more peaceful aspects of future ocean 
investigations are off-shore drillmg for new oilfields or 
important extensions of known continental developments, 
these projects are proceeding apace to-day and, apart 
from oul-finding, every hole drilled provides more informa- 
tion of sedimentary accumulations, past and present, 
forming the continental shelves concerned In the long 
run, however, ıt ıs the fish ın the sea that will take prido 
of place in future oceanic researches Increase m world 
population will compel more attention to the sea as a 
vast food-producer As Dr Gaskell observes. “ we 
hunt the fish that Nature provides, just as our ancestors 
hunted animals for food We have not yet begun to herd 
fish or to improve their quality—-but one day we shall be 
forced to farm the seas as we do the land” 


H B MILNER 


THE ROWETT RESEARCH INSTITUTE 


HE report of the Rowett Research Institute for the 
year 1962-63*1s on the same lnes as that for the 
pievious year; that 1s to say, the maim section of the report 
summarizes the numerous papers which have appeared 
during the year and supplements these summaries with 
additional unpublished information so as to bring the 
accounts of the research more nearly up to date In all, 
some 150 origmal papers published by workers m the 
Institute are referred to, together with references to about 
40 papers in preparation and other unpublished observa- 
tions These considerable numbers give some idea of the 
gieat mass of work proceeding in the Institute, and of the 
magnitude of the task of presenting a succemct and 
intelligible account of it with reasonable compass In 
addition to this general account of present research within 
the Institute, the report contains two special contribu- 
tions on topics deemed to have reached a stage suitable 
for review 
Both these review articles deal with topics of consider- 
able practical importance in British agriculture The 
füst, by Dr T R Preston, discusses recent work on high- 
energy barley diets for hvestock feeding It has been 
found that, with suitable management, beef cattle may 
be reared on a diet of 85 per cent of appropriately treated 
barley and a 15 per cent supplement containing protein, 
minerals and vitamins Animals so fed gain weight in the 
form of lean beef surprismgly rapidly, and ıb was found 
possible to bring some dairy-type cattle to a good finish 
in 10-12 months instead of the usual 18-24 months The 
régime, therefore, promises to be economic and profitable 
and has excited considerable interest among the farming 
community It has been imtroduced into commercial 
practice, but the resulting meat has encountered some 


Annual Report on Animal Nutrition and 
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criticism on the ground of taste and texture Dui, Pieston’s 
article surveys the scientific background of this topical 
and somewhat controversial subject 

The other review, by Dr E Cresswell, deals with two 
topics both ın connexion with sheep The first ıs the 
problem of the premature dropping of the ineisor teeth 
by certain sheep, more especially mountam breeds on 
particular diets The causes of this curious defect have 
been rather obscure, and an account 1s given of mvestiga- 
tions into the course of abnormal development of the teeth 
and the means which have been suggested to prevent 
or minimize the trouble The second part of this article 
deals with the problem of providmg suitable shelter for 
sheep during winter storms on mountains or other exposed 
places Plans are given of a type of ‘stell’, which 1s 
relatively cheap to construct and which provides shelter 
for about 100 sheep and at the same time ensures adequate 
ventilation Animals so protected are able to pass the 
winter on the more exposed mountain pastures and do not 
need to be brought to lower ground for protection from 
storm and cold 

In a section of the present report giving & brief survey 
of the past year, reference 1s made to the fact that m 
1963 the Rowett Research Institute celebrates 1ts Golden 
Jubilee (see Nature, 200, 201, 635, 1963) It was in 1913 
that a joint committee of the University of Aberdeen and 
the North of Scotland College of Agriculture mitiated its 
research programme on the nutrition of farm animals 
and appomted Dr John Boyd Orr (now Lord Boyd Orr) 
to carry out this novel enterprise The work on animal 
nutrition has gone on without imterruption ever since, 
apart from dislocations due to two world wars The 
contents of ths report demonstrate how vigorously the 
organization then born has grown, and how ıt has justified 
and rewarded the efforts of the pioneers who created ıt 
fifty years ago W O KERMACK 


THE MEDICAL RESEARCH COUNCIL 


HE report of the Medical Research Council for the 
year 1961-—62*, which follows the, general plan of 
this Council’s pievious reports, reflects, as they did, the 
taend of medical research as a whole The volume and 
wide range of the work being done by the Council’s staff 
and the practical applications of their work are indicated 


* Committee of Privy Council for Medical Research Report of the 
Medical Research Council for the Year 1961-1962 Pp viui284 (Cmnd 
2075 } (London HMSO, 1963) 163 6d net 


by the fact that theu publications have now become so 
numerous that ıt 1s no longer possible to list them im 
the report, although details of them can be obtamed 
from the Library of the National Institute for Medical 
Research, Mill Hill, London, N W 7 

Apart from the usual summaries of researches in pro- 
gress, which occupies 140 pages of this report, and the 
details of the personnel employed by the Council, the 
repoit includes, as previous reports have also done, a 
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section entitled “Some Aspects of Medical Research”, 
which is also published separately under the title Current 
Medical Reseach (HMSO 5s. 6d) This particular 
section is this year made up of eleven articles, the range 
and content of which can be only briefly mdicated here 
The first article, entitled ‘“The Genetic Code”, includes 
in 1ts scope the work on this subject for which four 
members of the Couneil’s staff, Dr M F Perutz, Dr 
J ©. Kendrew, Dr F H C Crick and Prof M H F 
Wilkins, were, together with Prof J D Watson, awarded 
Nobel Prizes for 1962 (seo Nature, 196, 319, 519, 1962) 
The second article, entitled “Chemical Mutagens’’, dis- 
cusses chemical substances which may produce mutations 
and their mode of action and their specificity The third 
article is on cell transformation by tumour viruses, with 
special reference to the polyoma virus which 1s bemg 
studied under the direction of Prof M G P Stoker in 
the Council’s Experimental Virus Research Laboratory at 
the University of Glasgow Next comes an article on 
“Cancer in the Tropics”, and this 1s followed by a dis- 
cussion of “River Blindness’’ caused by the parasitic 
nematode worm, Onchocerca volvulus, m tropical Africa, 
an article on the demyelinating diseases, and another on 
the central nervous control of the endocrine glands and 
the influences exerted by hormones on the central nervous 
system Then follows a valuable article on the relation- 
ship between mental retardation and chemical abnormal- 
ities in the body ‘Two articles discuss the metabolism of 
plasma protem and the biosynthesis of sterols, and finally 
there is an article on biological engineering, a term of 
which the author of the article apparently does not fully 
approve It refers to the various ways mn. which engineering 
techniques are nowadays apphed to medicine and the 
biological sciences, and includes such devices as radio- 
puls and other ‘miniaturized’ instruments, the whole-body 
plethysmograph, the conicycle, which measures the con- 
tent of respirable dust and other aerosols m the air, the 
breath-alcohol detector, and the remarkable prostheses 
which are now available as artificial limbs and other 
artificial aids, such as plastic heart valves, artzficial 
kidneys, heart-lung machines, and aids for the blind and 
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deaf The value of this whole section 1s mereased by 
photographs of a molecular model of deoxyribonucleic 
acid, of polyoma virus particles and cells transformed by 
this virus, of a radio-pill and a prosthesis for the arm. 

The rest of the report, apart from the details it gives 
of the finance and admunistration of the Council’s work, 
pays a well-deserved tribute to the work of Sir Charles 
Harington, who retired on July 31, 1962, from his post 
as director of the National Institute for Medical Research, 
after serving ın that capacity for twenty years (see 
Nature, 195, 228, 1962) Durmg this period the Institute’s 
scientific work was greatly extended, the number of 1ts 
staff increased from 35 to 125 and the Council enjoyed 
the great benefit of Sir Charles’s advice on both research 
and policy Everyone interested in the Couneul’s work 
will be glad to know that Sir Charles will still be avail- 
able as consultant adviser to the Council’s secretary 

In another section on the Council’s Advisory Boards 1b 
is explained that knowledge and research have become 
so complex that the Council, which has always been 
averse to “any arrangement which implies that one single 
body should bestride the field of clinical or any other 
type of research’’, has devised a system of Boards which 
are, in effect, sub-councils The first of these, the Clinical 
Research Board, was appomted ın 1953 Afterwards, a 
Tropical Medicine Research Board was established, and 
in 1962 a Biological Research Awards Committee was 
created By means of these Advisory Boards, which 
enable the Council to benefit from the advice of many 
experienced specialists, the Council is able to decentralize 
effectively the ever-mereasmg complexity of 1ts work 

No one can doubt, after reading these well-written 
and. closely reasoned pages, that here we have an organ- 
ization of scientists working together and directing their 
own work free from Governmental control, which ensures, 
as no other kmd of orgamzation can do, that all the 
sciences, whether they are primarily medical or not, are 
effectively integrated together for the benefit of man and 
other animals Long may it contimue to produce the 
remarkable results that, year by year, are recorded in its 
reports G Lapace 


THE LIQUID STATE 


HE Institute of Physics and the Physical Society 
held a conference on “The Inquid State” at the 
‘Imperial College of Science and Technology, London, 
durmg September 9-13 
The study of the structure and properties of hquids, 
lke many branches of classical physics, 18 a subject in 
which real progress 1s now slow and irregular There was 
a burst of actrvity after the Second World War m which 
the umpheations of the mtegral equations for the distri- 
bution functions of Yvon, Kirkwood, Born and Green 
were studied and m which the limutations of Kirkwood’s 
‘superposition’ approximation came to be appreciated 
This was followed by an advance m ‘experiment’ when, in 
the 1950’s, computers were used to calculate the pressure 
and rate of approach to equlbrium of systems of simple 
molecules by, for example, the solution of the equations 
of motion of a small representative assembly This work 
gave an unpetus to the study of simple models, and the 
past two years have seen the development of at least two 
new sets of integral equations and for one of them, the 
equations of Percus and Yevick, their exact solution m 
closed form for a system of hard spheres Meanwhile, 
there have been substantial advances m the theory of 
transport properties, although there 1s still argument 
about the legitimacy of some of the steps that are neces- 
sary to relate these properties to the mtermolecular 
forces These developments were reflected m many of 
the 68 papers presented at this conference, and a selection 
of these are described briefly m this report 


The first day was a discussion of methods of determing 
structure In the openmg review, Dr P A KEgelstaff 
(Atomic Energy Research Establishment, Harwell) empha- 
sized the power of the method of neutron-scattermg 
Thermal neutrons can show shifts of both wave-vector 
and energy when. scattered by hquids and so can be used 
to supplement the mformation from X-ray diffraction 
and lght-scattermg experments Dr S J Cocking 
(Atomic Energy Research Estabhshment, Harwell) illus- 
trated this ın outlmmg his investigations of the motion 
of atoms m molten lead Dr J A Elhot, Prof H E 
Hall and Dr J M Wiliams (University of Manchester) 
described the use of the Mossbauer effect for the study of 
diffusion in glycerol, and Dr J G Powles (Queen Mary 
College, London) has used nuclear magnetic resonance to 
examine rotational relaxation 

Prof J D Bernal and Miss S V King (Birkbeck 
College, London) reported further experimental studies of 
random close-packed arrays of steel balls, and suggested 
that such arrays often showed long ordered lines of 
particles This pomt was taken up the next day when 
Dr B J Alder (Livermore, Califorma) discussed his 
computer calculations on the transition from ordered to 
fluid phase m a two-dimensional array of hard disks. He 
suggested that meltmg mught start when lines of molecules 
could shde past each other Hitherto Bernal’s studies 
have had l:ttle contact with more conventional theories 
of liquids, but an attempt to bridge this gap was made 
by Prof R Furth (Birkbeck College, London) 
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At the end of the first day, Prof D H Everett (Univer- 
sity of Bristol) showed a film of the motion-m-a-plane of 
an array of cork balls agitated by a stream of ar Again, 
co-operative motion m hnes and rings could be seen 

The longest session of the conference was on the 
equihbrium properties of pure and mixed hqumds and 
occupied the second and third days It was mtroduced 
by Prof J de Boer (University of Amsterdam), who set 
out the present position both of lattice theories and of 
calculations of the pair distribution function In the latter 
he outhned the ‘hyper-netted chain’ approximation on 
which he and other groups have been working recently 
In the papers that followed, only Dr J A Barker (Com- 
monwealth Scientific and Industrial Research Organiza- 
tion, Melbourne) used the lattice model for liquids, m a 
version which he calls the ‘tunnel’ model He uses the 
fact that combmatorial problems in one dimension present 
httle difficulty to choose a model i which the molecules 
have complete freedom of motion in one direction only 
His comparisons of theory and experiment were out- 
standingly successful 

The mathematical properties of the distribution function 
and somo inequalities that they must satisfy were set out 
by Dr J L Lebowrtz (Yeshiva University, New York), 
Dr J. K Percus (University of New York) and Dr O 
Penrose (Imperial College of Science and Technology) 
The first author also presented his solution of the Percus— 
Yevick equations for mixtures of hard spheres Prof 
J S Rowhnson (Imperial College of Science and Tech- 
nology) has obtamed numerical results for this model and 
showed that the excess Gibbs energy is always negative 
and hence that phase separation cannot occur This 
conclusion was consistent with the calculations of Mr M 
Rigby and Dr E B Smith (Umwversity of Oxford) on 
the fourth virial coefficients of mixtures of hard spheres 
The extensive cancellation of cluster integrals that charac- 
terizes both the hyper-netted chain and the Percus— 
Yevick approxumations was, to a degree, justified by the 
calculations of Dr H N V Temperley (Atomic Weapons 
Research Establishment, Aldermaston) for molecules 
with Gaussian repulsions Dr J Walkley (Imperial 
College of Science and Technology) discussed the quantal 
treatment of a cell model of an assembly of hard spheres 

Papers on the two-dimensional lattice gas were pre- 
sented by Dr D M Burley (University of Sheffield) and 
Dr M E Fisher, Dr D S Gaunt and Dr J Stephenson 
(King’s College, London) In some cases such a flud 
appears to show a second-order transition to an ordered 
state 

Three of the experzmental papers of this section aroused 
much interest Mr A T J Hayward (National Engineer- 
ing Laboratory, Glasgow) has started measurements of 
the equation of state of hquids under tension and is 
repeating the more common measurements of the 
maximum, tensions that hquid can bear Dr G Casanova 
and Dr A Levi (University of Genoa) showed that their 
measurements of the isotopic separation factor at a lquid- 
vapour equilibrium can be used to measure VU, where 
U 1s the configuration energy of the hquid, and ıb was 
suggested m discussion that ther measurements provided 
also a means of testing intermolecular potentials without 
any assumptions about the structure of the hqud Dr 
J J M Beenakker, Dr M Knoester and Dr K W 
Tacomas (University of Leyden) have developed a flow 
calorrmeter for the direct measurement of the heat of 
mixing of compressed gases, a quantity that has hitherto 
been obtamed only mdurectly 

The properties of mixtures of near hydrocarbons are 
of interest because they are regular functions of the cham- 
lengths Prof D H Everett (Umversity of Bristol) and 
Dr Th Holleman avid Dr J Hiymans (Royal Dutch Shell, 
Amsterdam) extended correlations of theory and experi- 
ment to high temperatures where the heats of mixing are 
negative Dr I A McClure and Dr F L Swinton 
(Royal College of Science, Glasgow) reported volumes of 
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muxing from some well-chosen systems ın which the size 
ratios of the molecular pairs were close to 2 1 

Transport properties were discussed on the fourth day 
The mtroductory paper was by Prof I Prigogme and 
Dr P Résibois (University of Brussels), who summarized 
the statistical mechanics of irreversible processes and. 
in particular, its applcation to ionized systems They 
emphasized the difficulty of treating thermal diffusion ın 
such systems This paper was followed by a substantial 
contribution from Prof R Ei:senschitz and his colleagues 
(Queen Mary College, London) in which they tested both 
the theories of Kirkwood (that is, the mtroduction of a 
‘friction constant’) and of M S Green ‘The former was 
confirmed by calculations on a simple harmonic model 
of a crystal with a temperature gradient Rice and Allnatt 
have suggested that the fundamental dynamical event m 
a hquid can be represented as a ‘hard-core’ repulsion of a 
pair of molecules, followed by their Brownian motion in 
the field of their neighbours Dr S A Rice and Dr E G 
Wilson (University of Chicago) tested this assumption by 
comparmg its predictions with four of the transport 
coefficients of the rare gases Dr E McLaughlin (Imperial 
College of Science and Technology) emphasized the mpor- 
tance of the coefficient of thermal expansion of a Lqud in 
determming the temperature coefficient of the thermal 
conductivity He illustrated this by calculations on 
ample models 

Two experimental papers were on the subject of 
nucleation Dr L O Roelhg (Wayne University, 
Detroit) showed that the probability of a particle of 
1onizing radiation destroying a super-heated state can 
be 1elated to the amount of energy jt can transfer to a 
small volume ofiqud Dr E R Buckle (Imperial College 
of Science and Technology) showed, by means of a cloud- 
chamber, that the freezing of super-cooled ionic melts is 
critically dependent on temperature, a dependence which 
he ascribed to the threshold effect of spontaneous nuclea- 
tion The final paper of this session was by Dr T A 
Latovitz (Catholic University, Washington), who compared 
the dielectric (or rotational) tıme of relaxation with the 
ultrasonic (or structural) tıme He showed that the 
former was the longer and that both changed from a 
single time to a distribution of tumes m lhquids m which 
the viscosity did not show a simple exponential dependence 
on temperature 

A widespread dissatisfaction with the present theoretical 
basis of many of the approximations that are used m 
discussing the transport properties of liquids led to an 
unscheduled discussion of fundamentals on Friday 
afternoon The principal speakers were Dr Résibois, 
Prof Eisenschitz and Dr Lebowitz 

Liquid metals were discussed on the last day, and, of 
necessity, most of the papers m this part of the conference 
were concerned with specifically electronic (and hence 
quantal) effects Dr S F. Edwards (University of Man- 
chester) reviewed the present state of the theory of 
electrons ın liqud metals He applied methods adapted 
from field theory to the calculations of momentum and 
energy distributions in disordered potentials, and demon- 
strated that, while at present there can be no detailed 
comparison of theory with exper:ment, this goal 1s coming 
withm reach Experimental work on soft X-ray spectro- 
scopy, transport and optical properties, positron annuhila- 
tion, and electron spin resonance all have a part to play 
An alternatrve route to some of Edwards’s conclusions was 
provided by Dr D Libermann (University of California) 

Two of the papers of this section sought to extend to 
liquid metals concepts which have been useful m non- 
electrolytes Dr W B Mott (Atomic Energy Research 
Establishment, Harwell) examined Hildebrand’s rule for 
the calculation of mutual solubility of two liquds He 
was able to modify ıb to produce quahtative agreement 
for most metalhe systems More ambitiously, Dr E Morris 
(Atomic Weapons Research Establishment, Aldermaston) 
attempted the calculation of the critical properties of 
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metals from the prmeiple of corresponding states The 
agreement with experiment for mercury was only fair 
Three experimental papers from the University of 
Bummgham by Dr J R Wilson, Dr G H Laune and 
Dr J. N Pratt revealed the anomalous dependence on 
temperature of the resistivity and partial molar properties 
of the systems Hg + Tl, Mg + Pb, and Sn + Pd + Ag 
These were ascmbed to variations of the degree of local 
order with temperature, and to the formation of mter- 
metalic compounds Di R V Hodgson (University of 
Birmingham) measured the resistivity of five binary semi- 


NATURE 


VoL 200 


November 23, 1963 


conductors and showed the change towards metallic 
properties at high temperatures Finally, Dr D T, J. 
Hurle, Dr J B Mulhn end Dr E R Pike (Radar Re- 
search Establishment, Malvern) described the growth of 
sıngle crystals of semiconductors by a zone-melting process 
in which a de electric current passed along the bar 

The charman of the Organizing Committee of the 
conference was Dr. H. N V Temperley The proceedings 


are not to be published as a separate volume 
J S ROWLINSON 
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OBSERVED TRIPLICATION OF PKP 
By Dk R D ADAMS and M J RANDALL 


Seismological Observatory, Department of Scientific and Industrial Research, Wellington, New Zealand 


ETAILS of the variation of seismic velocity near the 
boundary of the inner core have always been 
uncertaim, and so, correspondingly, has the theoretical 
travel-time curve of PKP ın the distance range immedi- 
ately beyond. 143° -On the model of Jeffreys and Bullen? 
a short branch extends beneath the PKP, curve from the 
cusp at 143° to 147° The tables of Gutenberg and Richter? 
mcorporate a similar branch extending to 169°, with 
arrival umes between those of PKP, and PKP, for 
distances greater than 150° No observations have been 
reported ın confirmation of e:ther of these branches 
Bolt? has recently reconsidered the veloaty variation 
near the boundary of the inner core, with a view to account- 
ing for Gutenberg’s observations of early arrivals of 
PKP at epicentral distances in the range 125° < A < 140° 
(ref 4) His preferred solution shows a branch of the PKP 
travel-trme curve, labelled GH which not only includes 
these early arrivals but also continues to a cusp H at A = 
156 5°, for distances greater than about 146° the travel 
times are between PKP, and PKP, We have recently 
found arrivals which confirm the latter part of the GH 
bianch These arrivals, which for convemence we have 
called PKP, have been taken from the seismological 
bulletins of stations which he in the distance range 148° < 
A < 156° from certain New Zealand earthquakes New 
Zealand stations have also recorded the triplication of 
PKP from earthquakes at appropriate distances On 
these records PKP, 18 a stronger arrival than PKP, 
being camparable with PKP, Three branches of PKP 
have also been reported by Ha: fiom deep-focus earth- 
quakes near Fiji 


— Table I EARTHQUAKES USED 
earth- Date Time Epicentre Depth 
quake h m $ Lat S ong (km) 
1 Mar 238, 1960 01 32 198 39° 03’ 174° 52’ 607 
+04 +4’ 8 +4 
2 Mar 23, 1960 01 36 557 39° 06’ 175° 04’ 612 
+09 + 7° + 12’ +9 
3 Mar 27, 1960 23 28 271 39° 03° 174° 55’ 228 
+06 + 6’ +11’ +6 
4 May 10, 1962 00 27 120 41° 39’ 171° 19° 12 
+05 + 2° + 5’ 
5 May 17, 1962 62 19 522 41° 48” 171° 18° 12 
+03 +1’ + 3’ 
Table 2 GEOCENTRIC DISTANCES TO STATIONS RECORDING PKP, 
(Degiees) 
Earthquake 
Station 1 2 3 4 5 
Tromsoe 148 8 148 9 
Helwan 148 8 
Kajaani 149 3 149 4 
Kiruna 149 4 
Poulkovo 149 6 
Simferapol 1505 
Istanbul 1519 
Umea 152 2 152 3 
Helsink: 1515 1515 1523 152 4 
Nurmijarv! 1615 152 3 152 4 
Reykjavik 153 0 
Skalstugan 153 2 158 8 155 0 
Sida 154 0 
Uppsala 154 7 155 6 
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Observed travel times of PKP, 
atrivals 


Fig 1 Solid eircles represent two 


The position of Bolt’s cusp H 1s shown 


Additions to the New Zealand network of sexsmograph 
stations have enabled the foci and origin times of recent 
New Zealand earthquakes to be determmed with mproved 
accuracy PEP, armvals have been identified from five 
New Zealand earthquakes for which we have obtamed 
foci and origin times by least squares from numerous 
observations. Table | lists these earthquakes and gives 
the standard errors of the solutions Table 2 gives the 
epicentral distances to the stations at which PKP, has 
been. found, the increased number of stations now operat- 
ing in Scandinavia provides more observations of PKP 
in, the relevant distance range Arrivals reported from 
stations at distances less than 148° have been discarded 
because one cannot be certain which PKP branch they 
belong to 

Fig 1 shows the tiavel times of the PKP, aurivals, 
adjusted so as to correspond to a surface focus. The 
Jeffreys—Bullen travel-time curves for PKP, and PKP, 
are also shown, many arrivals corresponding to these 
branches were also reported for the same earthquakes 
All but three of the PKP, arrivals have been reported as 
umpulsive, and the standard errors of the epicentral 
distances and origin times are such that there seems no 
possibility of these arrivals bemg either PKP, or PEP, 
At some stations there are arrivals correspondmg to each 
of the three branches, for example, Skalstugan reports 
three impulsive arrivals from earthquake 3, with travel 
times of 19 min 53 sec, 19 min 59 see and 20 min 13 sec 
Uppsala also reports triplieation of PEP for the same 
earthquake The largest distance at which we have 
identified PKP, 1s 155 6°, the branch does not appear to 
extend as far as 157 5°, where some stations have reported 
PKP, and PKP, but not PKP, The position of Bolt’s 
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Fig 2 p,4 diagram corresponding to Bolt’s model, showing the observed 
value of p for PKP; 


pledicted cusp H 18 shown, lying close to the end of the 
lne of PKP, observations These observations would 
thus appear almost certamly to correspond to the upper 
part of the GH branch of Bolt’s travel-tiame curve Hai’s 
observations®, when adjusted for depth, appear to be close 
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to ours, though he also suggests a possible extension of the 
observations to 160° 

The 25 observations of PKP, shown in Fig 1 wore 
fitted to a straight line as follows 


t (sec) = 11969 + 02 + (224 + 012)(A — 151 8°) 


Adding a quadratic term does not significantly improve 
the fit Near 151 8°, 


di 
P= JA = 224 + 012 sec/deg 


The p,A diagram is given in Fig 2 The detail of the 
curve between adjacent cusps is not readily obtamable 
from the ¢, A diagram m Bolt’s paper, the branches corro- 
sponding to PKP, and PKP, have been derived directly 
from the Jeffreys—Bullen tables The value of p found 
from the observations of PKP, near 151 8° ıs shown, 
and agrees well with that piedicted by Bolt Smee the 
slope of the p,A curve at a given distance 18 proportional 
to the amplitude of the seismic waves, the rather large 
amphtudes which have been observed for PKP, suggest 
that the slope of the p,A curve for the branch GH 1s 
greater at the larger distances, as is shown in Fig 2 

Thus the observations presented here are in good agree- 
ment with Bolt’s prediction with respect to travel time, 
range of epicentral distance, and slope of the travel-time 
curve We hope to carry out a more detailed investiga- 
tion of PKP arrivals at relevant distances as further 
observations become available 

We acknowledge the help we ieceived from station 
bulletins, and we also thank Dr Markus Bath for supplymg 
readings from the Swedish network 
1 Jeffreys, H , Mon Not Roy Astro Soc (Geophys Supp ), 4, 594 (1989) 

* Gutenberg, B , and Richter, © F , Gerl Beat Geophys , 54, 94 (1939) 
3? Bolt, B A , Nature, 196, 122 (1962) 

‘Gutenberg, B , Geophys J, Roy Astro Soc ,1, 238 (1958) 

* Hai, N , Annales de Geophysique, 17, 60 (1961) 


WAVE-LENGTH STABILIZATION OF AN OPTICAL MASER 
By Dk W R C ROWLEY and D C. WILSON 


National Physical Laboratory, Teddington, Middlesex 


HE properties of the gaseous type of optical maser 
make ıt a hght source of great promise for use in 
interferometric measurements of length. The coherence 
in time and the extremely narrow band-width of the radia- 
tion enable interference effects to be observed over paths 
many times greater than possible with conventional 
sources! Moreover, the coherence across the diameter of 
the hght beam leads to sumplifications in the construction 
of interferometers 
The use of the 6328 A line of the heltum—neon maser for 
interferometric length measurements 1s hindered because, 
in spite of 1ts narrow band-width at any instant, the wave- 
length of the light can vary The emitted wave-length 
is broadly determmed by the energy difference of the 
levels involved in the transition and by the Doppler 
effect due to movements of the atoms ın precisely the 
same way as is the wave-length of a normal spectral line 
spontaneously emitted from a discharge tube Tho 
precise wave-length of the maser emission, within the 
wave-length range corresponding to the width of this 
Doppler broadened profile, 1s determimed by the effective 
length of the optical cavity This means that the wave- 
length may he anywhere within a range of about 2 parts 
ın 10° according to the precise length of the cavity, and 
there 1s the possibility of several slightly different wave- 
lengths bemg ermtted simultaneously through multi-mode 
operation 
A simple way of improving the wave-length or frequency 
stability of the maser is to use the Doppler broadened 


profile of the transition as a reference and to adjust the 
length of the cavity so that the maser emission corresponds 
to the peak of the profile? In the technique to be do- 
scribed the length of the cavity of the maser 1s adjusted 
continuously by a servo control system through a simple 
electromechanical couplmg With this device the fre- 
quency drifts are reduced to only 1 or 2 parts m 108 

Pronceple of operation An ideahzed diagram of the 
gain coefficient of the maser as a function of the frequency 
of its emission 1s shown in Fig 1 This curve is the 
spontaneous emission spectral profile and its shape 1s 
principally due to Doppler effect In practice the curve 
of maser gain against emission fiequency 1s narrower than 
the curve of Fig 1 because of the threshold for maser 
action due to optical losses m the cavity For low mput 
powers to the discharge, only the axial mode? nearest the 
peak of the profile has a gain greater than the threshold 
level In this condition the maser output mtensity 1s 
strongly dependent on the operatmg frequency, with a 
peak at the frequency of maxumum gain 

If one of the murrors of the optical cavity 1s caused to 
vibrate very shghtly, then the maser frequency oscillates 
and the maser output 1s amplitude modulated as indicated, 
m Fig 1 The phase of this modulation relative to the 
imposed vibration will depend on whether the mean 
frequency of operation 1s greater or less than the frequency 
at which the gain 1s a maximum When the mean maser 
frequency 18 at the peak of the gain curve, the fundamental 
intensity modulation vanishes, leaving only a slight ha- 
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mome component The mtensity modulation can thus 
be used as the basis of a servo control system to keep the 
maser frequency centred on the peak of the gain curve 

Mechanical aiangement The maser to which the 
control system has been applied ıs one of the heluum—neon 
type operating on the red ine at 6328 Å Tt utihzes 
a iadio frequency excited discharge sube fitted with 
Brewster angle windows which 1s set between the murrors 
of the optical cavity These mirrors are both concave, 
havmg 1 m radius of curvature, and are separated by 
750 mm The framework of the cavity 1s a structure of 
four 1 5-in diameter invar rods with several cross-members 
in addition to the end-pieces The mirrors are mounted 
in detachable end-plates which are held by springs m 
position against their adjusting screws 

The control movements for vibrating one of tho murrors 
and for adjusting the length of the cavity are both achieved 
with a single relay coil mounted on the end-piece of the 
main frame, ıts armature bearmg against the end-plate 
carrying the muro. (Fig 2) A current of 50 m amp 
through a 200-ohm coil gives almost 2 lbf of thrust, which 
is sufficient to move the miror through & distance of 
several half-wave-lengths by elastic deformation of the 
end-plate and its supports This arrangement gives a 
rotational movement to the murror rather than a pure 
translation, but this does not seriously affect the operation 
of the maser, for the diameter of the maser beam 1s only 
about 1 mm, whereas the distance from the mirror centre 
to the axis of rotation 1s about 60 mm and so`a mirror 
movement of a few half-wave-lengths corresponds to 4 
misalignment of only a small fraction of a wave-length 
across the beam diameter 

A direct current ıs passed through the relay coil, thus 
biasing ıt so that there 18 always a force holding the 
armature m contact with the end-plate, and to this current 
is added the control current which keeps the maser length 
correct At the same time a small alternating current at 
350 c/s, passed through the coil, causes the mirror to 
vibrate with an amplitude of a small fraction of a wave- 
length The intensity variation of the maser beam resulting 
from this vibration 1s detected with a photo-diode and, 
after amplification, 18 passed nto a phase-sensitive recti- 
fier Tho rectified output, after smoothing, 1s a direct 
current proportional to the mput, and 1s either positive 
or negative according to the phase of the input relative 
to that of the alternating current fed to the relay coil 
This direct current ıs the control current which 1s added 
to the steady bias current through the coil The control 
system 1s thus a feedback arrangement Should the maser 
frequency not be centred exactly on the profile, then there 
is an intensity modulation which 1s detected, amphfied 
and fed back to reduce the amount of the departure 
The gain of the feedback loop determmes by what factor 
the maser frequency drifts are reduced 

Performance The stability of the controlled wave- 
length of the maser has been measured by comparing 1t 


Relative gain 





Frequency 


r 


Fig 1 An idealized diagram of the gain of a maser as a function of 
frequency, showing how a frequency modulation results m a modulation 
of the gain and hence of the output intensity 
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Ing 2 Diagrammatic view of one end of the maser frame The arma- 

ture of the relay coil bears against the mirror mount which moves by 

elastic deformation, even though the mounting has not dehberately 
been made flexible 


with the orange hme of krypton-86, which 1s the primary 
wave-length standard The comparisons have been made 
using a Fabry-Perot interferometer with photoelectric 
detection m which spectral lines from two sources are 
effectively compared simultaneously and ther mter- 
ferograms are recorded automatically on punched paper 
tape <A digital computer analyses the results and can 
detect relative changes in wave-length down to 2 parts mn 
10° The absolute accuracy withm which one source 
can be compared with another 1s, however, limited by 
geometrical differences in the optical paths to only one 
or two parts m 108 

With a loop gain of the stabihzing system of about 100, 
the measured drifts of maser wave-length are less than 
1 part in 108, provided that manual readjustment of the 
cavity length ıs made from time to time if thermal 
expansion causes the framework to change length by 
much more than a wave-length Any change ın the length 
of the framework 1s apparent as 1t causes a corresponding 
change of control current through the relay cou 

The maser frequency, bemg controlled to the peak of 
1ts intensity profile, 1s altered by any effect which mfluences 
the shape or shifts the frequency of this peak Any change 
in the pressure of helium and neon ın the discharge will 
shift the peak frequency. but as the pressures mvolved 
are low the effect amounts to a few parts m 108 at the most 
Ths has been confirmed by measurmg the wave-length 
emitted by the maser when fitted with different discharge 
tubes With an old discharge tube m which the gas 
pressure was much reduced through use, the emitted 
wave-length was identical, within the accuracy of the 
experiment (2 parts in 108), to that emitted when the 
discharge tube was replaced by a new one 

The effective intensity profile for maser action is 
influenced by maser action itself The effect known as 
‘hole burning’! distorts the profile particularly m the 
region of the peak ‘This effect can lead to an actual dip 
at the centre of the profile®.*, but 1t is not readily observ- 
able There is some asymmetry of the spectral profile 
owing to the isotopic content of natural neon, and hole 
burning thus gives rise to an asymmetrical effect whrch 
shifts the profile peak towards mgher frequencies The 
shift appears to be proportional to maser mtensity, and 
a total frequency change of 2 parts in 107 1s observed over 
the mtensity range from threshold to the maximum ın- 
tensity at which single mode operation can be maintained 
with the maser bemg utilized 

As this latter intensity 1s ten times greater than that 
normally utihzed when using the maser for mterferometry 
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in this Laboratory, the uncertamty of frequency arising 
from the effect need not be more than 1 part in 108 It does, 
however, mean that some control over the mean maser 
intensity 1s advantageous A portion of the maser beam 
18 reflected from a glass plate on to a cadmium sulphide 
photo-conductrve cell for this purpose The output from 
this cell 1s used to control the power supply of the dis- 
charge tube oscillator and thus stabilizes the maser 
intensity The maser at present controlled as described 
here has a vacuum wave-length of 6329 9141 A at thres- 
hold level for maser action 
Because the vibratmg murror imparts a fiequency 
modulation to the maser output, the band-width of the 
enussion 18 effectively broadened The amount of the 
modulation ıs, however, small and does not upset mter- 
ferometric work over paths of several metres For 
radio frequency beat experiments or for mterfer:ometry 
over longer paths the modulation would be troublesome, 
but ıt could be overcome by a more elaborate servo 
system m which the mirror vibration could be stopped for 
short periods without affecting the average length of the 
optical cavity The length of tyme for which control 
could be interrupted would depend on mechanical and 
thermal stabihty, but might well be longer than a minute 
Alternatively the frequency modulation could be ehmm- 
ated by using a second maser, not bemg vibrated, which 
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was contiolled relatively to the first usimg ther beat 
frequency as the control signal 

Experience over a period of several months with the 
simple control system described has shown that a repro- 
ducibihty of wave-length to a few parts m 108 can be 
readily achieved with a particular maser system Because 
the wave-length 1s affected by the conditions of operation, 
the system 1s not suitable at present for a primary wave- 
length standard If, however, its wave-length 1s occa- 
sionally verified agaist the krypton-86 standard, then 
the lght from a controlled maser forms an excellent 
secondary standard suitable for precision mterferometric 
measurements of length ove long paths 

We thank the Services Electronics Research Laboratory 
for providing the optical components of the maser The 
work described here has been carried out as part of the 
research programme of the National Physical Laboratory 
and ıs the subject of patent appheations This article 
1s pubhshed by permission of the Director of the Labora- 
tory 
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SHAPE, INTENSITY AND PRESSURE BROADENING OF THE 
2°53-MILLIMETRE WAVE-LENGTH OXYGEN ABSORPTION LINE 


By A. E. SCHULZE and C W TOLBERT 


Electrical Engineering Research Laboratory, University of Texas, Austin 


NCREASING demands for broad-band-width communi- 

cations channels have led to the mvestigation of pro- 
pagation characteristics through the atmosphere of the 
Earth of signals in the 10110}? e/s frequency range 
The resonant absorption of energy at selected wave- 
lengths by oxygen and water vapour causes the atmo- 
sphere to be partially opaque to the transmission of signals 
im this region of the electromagnetic spectrum 

The microwave absorption spectrum of molecular 
oxygen consists of many fine-structure spectral lines 
The absorption 1s usually represented by approximately 
25 mayor Imes in the 5-mm region and a single isolated line 
in the region of 2 5-mm wave-length 

Spectroscopists have been concerned, primarily with the 
measurements of oxygen line-centre frequencies, however, 
propagation of signals in the atmosphere m the viemity 
of the line frequencies requires a knowledge of the shape, 
intensity and pressure broadening associated with the 
Ines Although sufficiently monochromatic signal sources 
have been available for several years to allow the measure- 
ment of the characteristics of the 2 53-mm Ime, the 
difficulties of measurmg the low mtenmty of absorption 
because of the magnetic coupling of energy to the oxygen 
molecules, together with the limited mterest of spectro- 
scopists m pressure broadening, have delayed accurate 
investigations of the hne shape and intensity 

Although several mathematical models have been pro- 
posed to describe the shape and intensity of a spectral 
hne, the Van Vleck~Weisskopf equation? has been found 
to describe best pressure broadening m the microwave 
region In ths theory the period of oscillation of the 
madent electromagnetic energy 18 assumed to be much 
longer than the mean duration of a molecular collision. 
In the microwave and longer wave-length regions, this 
. condition is approximately true, however, the approxima- 
tion becomes worse as the frequency of the meident 
electromagnetic energy used to observe the transition 18 
mereased 


The Van Vieck—Weisskopf theory also assumes that 
intermolecular collisions constitute a random mterruption 
of the phase of a molecular harmonic oscillator, such that 
after collision each molecule assumes an independent 
phase. The mathematical expression for the hne shape 
involves the half-mtensity, half-width (Av) of the hne 
which is treated as a semi-empirical parameter predicted 
to be a direct lnear function of the gas pressure The 
peak intensity of the line 1s predicted to remain constant 
over the domain of pressure broadening There 1s a 
dearth of accurate measurements of line shape and intensity 
over a wide range of pressures for comparison with the 
mathematical model. 

The object of the mvestigation reported here was to 
measure the shape and imtensity of the 2 53-mm wave- 
length oxygen absorption line over a range of pressures 
corresponding to elevations in the atmosphere from sea- 
level to approximately 170,000 ft The measurements 
were to ascertam the absorption due to dry oxygen alone, 
with provisions for extrapolating the data to fit atmo- 
spheric absorption due to a mixture of dry atmospheric 

asos 

: A 500-ft long, 6-m diameter, outer copper conductor 
of a coaxial line was used as the absorption cell Two 
glass-supported ‘Teflon’? wmdows, experimentally found 
to approximate an integral multiple of a half-wave-length 
thick, were used to seal the cell. Transmission through 
the cell was accomplished by propagating a wave from a 
conical horn antenna such that rit was meident on the 
dielectrie window essentially as a plane wave The 
coherent signal between 114 Ge/s and 123 Ge/s used for 
the measurements was derived from a ecrysta] harmonic 
generator excited by a vamable-frequency Raytheon 
QKK. 864 reflex klystron 

The power lost ın the free-space coupling of the trans- 
muitting and recerving antenne to the absorption cell, 
together with the relatively low level of 118-Ge/s signal 
output from the crystal harmonic generator, required the 
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use of heterodyne detection techniques The configura- 
tion of the absorption cell made Zeeman modulation 
mopractical 

The spectrometer (Fig 1) 1s a data-sampling system m 
which the superheterodynerecerver samples the transmitted 
signal at an audio rate 

Two types of measuring techniques were necessary to 
evaluate the lne shape and mtensity over the wide 
dynamic range of values associated with gas pressures 
between 0 5 mm and 760 mm mercury 

Between pressures of 0 5 mm and 4 0mm mercury, where 
the significant features of the lme could be encompassed 
by frequency modulatmg the signal source, swept- 
frequency measurements were taken For these measure- 
ments, the transmitter was modulated with a 60 c/s 
sinusoidal signal synchronized to the primary 115-V ac 
power hne frequency <A simuer signal with adjusted 
phase was used to scan the X-axis of an oscilloscope, while 
the output of the mtermediate frequency (IF) amplifier 
of the receiver was displayed on the Y-axis of the oscillo- 
scope ‘Thus, the X-axis was a frequency scale which 
was calibrated by a knowledge of the bandpass of the 
narrow-band IF amplifie. The Y-axis was a signal-level 
scale which was cahbrated by the use of the cahbrated 
attenuator at the receiver 

Swept-frequency measurements of the peak intensity 
and the width of the absorption lme were taken by 
photographing the signal-level versus frequency data 
displayed on the oscilloscope at pressures of 05, 10, 15 
20, 25, 30, 35, 40, 45, 50 and 6 0 mm mercury. 

Between the pressures of 4 and 760 mm mercury, the 
width of the line required the use of a fixed-frequency 
measuring techmque For these measurements, the 
frequency of the transmitter was set to a selected fixed- 
frequency while the pressure of the gas within the absorp- 
tion cell was varied. 

Fixed-frequency measurements of oxygen attenuation 
at pressures of 8, 15, 30, 60, 100, 200, 300, 400, 500, 600. 
700 and 760 mm mercury were taken at frequencies of 
30, 60, 120, 240, 480, 1,000, 2,000 and 4,000 Mc/s on both 
sides of the lme-centre frequency Measurements were 
taken by evacuatmg the absorption cell to a pressure 
sufficiently low to provide an unmeasurable amount of 
oxygen absorption at the pre-set frequency, calbratmg 
the chart of a pen and ink recorder with the calibrated 
attenuator, and injecting oxygen into the cell while the 
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Fig 1 Block diagram of the microwave spectrometer used to measure the 2 53-mm oxygen absorption line 
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attenuation as a function of pressure was 1ecorded. 
The 30-Mce/s centre frequency of the narrow-band IF 
amplifier was utilized to precisely set the desued trans- 
mutter frequencies between lnoe-centre and 1,000 Mc/s on 
either side of lne-centre 

To reduce each measured value to the equivalent value 
at @ common temperature, a temperature-adyustment 
coefficient explicit ın the Van Vieck—Weisskopf theoretical 
equation was apphed to the data In this manner, the 
data were adjusted to a common temperature of 300° K, 
the mean temperature at which measurements were taken 

The Van Vleck—Weisskopf shape factor was first 
assumed adequately to describe the shape of this pressure- 
broadened spectral hne, and the value of the lme-centre 
frequency was taken to be 118 745 Gejs as measured by 
Anderson, Johnson and Gordy? It was then necessary to 
determme the required constants of the shape factor m 
order best to describe the expermmental data over the 
entire range of pressures of 8-760 mm mercury The 
assumed expression for attenuation is as follows 


Ay Ay 
Y = Kyv* Fe = y)? + (Av)? + (vo + vj? + (Ay)? 4 ca! 


where y = attenuation in db/km for 100 per cent oxygen 
at 300° K, vw = hne-centre frequency m Ge/s (118-745 
Ge/s), v = frequency in Gejs, K, = a constant for a piven 
pressure and temperature (related to the peak mtensity 
and Av by K, = y peas), Ky, = OF (ref 3) 
8 

A digital computer was used to determme K, and Av 
for the best fit of this Van Vileck—Weisskopf equation to 
the expermmental data at all measured pressures Thus, 
the computed curves accomplished the necessary averaging 
and weighting of the data 

Fig 2 shows an example of the calculated curves repre- 
senting the best fit to the expermmental data of the Van 
Vieck—Weisskopf hne shape The equation for the cal- 
culated curves 18 


Av 

— v)? + (Av)? + 
: Av ~ 
(118 745 + Av)? + (Av)? 


The curves (Fig 2) are within the root mean square experi- 
mental accuracy of the data 


P. : 
ee ape Y [mea 


No 4908 N ovember 23; 1963 





amn ni tr 





Qo 
sehen sok 


Attenuation (db/km) 


to 


0 E 


114 115 116 117 118 119 121 122 


Frequency (Ge/s) 


Attenuation versus frequency for pressures of 700 (0), 500( A) 
and 300 ([]} mm mercury Oxygen 100 per cent at 360° K 


120 123 


Fig 2 


The discrepancies existing between the average of the 
measured values and the calculated curves are associated 
with the measuring uncertamty, the madequacy of the 
Ime shape factor, and the assumed temperature-adjust- 
ment coefficients 

It ıs probable that the Van Vleck—Weisskopf shape 
factor does not exactly describe the Ime shape of this 
oxygen absorption ine’? ‘This is evident from the 
failure of the Van Vieck—Weisskopf hne shape factor to 
describe exactly the experimental points near line-centre 
frequency and the wings of the absorption lme If the 
shape factor is calculated to fit the measured values of 
attenuation near lne-centre frequency, ıt fails to fit the 
wings, and vice versa Thus, the best descirption of the 
experimental data usmg the Van Vleck—Weisskopf shape 
factor represents a compromise between a description of 
the attenuation ın the vicmity of the peak intensity 
and a description of the attenuation in the wings of the 
line 

The curve of Av versus presswe (Fig 3) was derved 
using the average value of Av obtained from the calculated 
curves best describing the data The slope of this line 18 
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2 53-mm wave-length oxygen absorption line versus pressure Oxygen 
100 per cent at 300° K 
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of the Av veisus pressure curve obtained by the dynamic- 
raat technique for a range of low pressures 19 2 08 
c/s 
aes The difference between these two values 1s attri- 


buted to experimental unceitainty The mean of these 








c/s 

two values, 1 99 Hg at 300° K, ıs ım excellent 
Mejs 

agreement with the value of 1 97 = at 300° K meas. 


ured by Hill and Gordy! It 1s also ın good agreement with 
the theoretical value of 2 064 mm He calculated by 


Artman and Gordon’ The agreement of this measure- 
ment with atmospheric propagation measurements made 
by this Laboratory: supports the argument that nitrogen— 
oxygen collisions and oxygen-oxygen collisions cause 
approximately an equivalent amount of pressure broaden- 
ing? 

Although very few measurements have been made of 
the peak intensity of this oxygen absorption line, atmo- 
spheric propagation measurements by this Laboratory at 
frequencies below lne-centre frequency mdicate a peak 
intensity of 171 db/km for air at 291° K and 740 mm 
mercury® Assuming the atmospheric gases to be com- 
posed of 21 per cent oxygen, this value yields 7 66 db/km 
for the peak mtensity of the lne ın 100 per cent oxygen 
at 300°K From Fig 3, the peak intensity at this pressure 
is approximately 70db/km The diffe:ence between these 
two values ıs within the combined experimental uncer- 
tainty of the two measurements 

Measurements taken with this spectrometer usmg air 
show the airjoxygen bioadening ratio to be approxim- 
ately unity and the ar/oxygen attenuation mtensity ratio 
to be appioximately 021 Thus, the approximate hori- 
zontal attenuation ım the atmosphere due to oxygen 
absorption alone can be obtaimed by multiplying the 
values of attenuation due to 100 per cent oxygen by 
0 21 

In order better to evaluate the hne shape, all data were 
converted to the equivalent values at 760 mm mercury 
This conversion was accomplished by assuming that the 
line expands linearly with mcreasing pressure about the 
line-centre frequency For constant values of attenuation, 
this assumption may be expressed as 











hj oh 
P,i P; 
y=a ,=a 


where f, and f, are the fiequency deviations from lme- 
centre for which y = a, a 1s a constant, and P, and P, 
are the pressures corresponding to fı and fa respectively 
This condition 1s also exphet ın the Van Vleck- 
Wersskopf hne shape equations fo. small frequency 
deviations from lne-centie 

The result of the conversion of these data by the lnear 
transformation 1s shown m Fig 4 Although the measured 
line shape ıs approximately—but not exactly——described 
by the Van Vleck—Weisskopf shape factor, the measure- 
ments are better described by modifymg the exponents 
of the numerator and denominator of the shape function 

At a pressure corresponding to sea-level, 760 mm 
mercury, all the data converted to this equivalent pressure 
by the hnem transformation are more accurately described 


by 
( Av}? 65 | 
(|vo per y|)! 65 + (Ay)! 65 


where Av = 1 45 Ge/s for 100 per cent oxygen at 300° K 
This modification 1s of the general type required to par- 
tially compensate for the fact that the reciprocal of the 
average time between intermolecular collsions is less than 
the average of the reciprocals of these times 

Although the Van Vleck—Weisskopf shape factor does 
not exactly describe the shape of the 2 53-mm wave- 


y = 6 69 x 10-42 | 
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Fig 4 Measured values of attenuation converted to a common pressure of 760 mm mercury by the use of a linear transformation in 


frequency 0, 760mm, O, 700mm, A, 600 mm, 


*, 30 mm, -o-,15 mm, *0~, 8 mm 


v, 500mm, @, 400 mm, 


100 per cent oxygen at 800° K 


x, 800mm, V, 200mm, A, 160 
--~, Van Vleck—Weisskopf line shape, 


mm, +, 60 mm, 
———, modified 


line shape 


length oxygen absorption line, 1b 18 & good approximation 
of the shape except ın the far wings A better fit of the 
wings 1s obtamed by modifying the exponents of the 
numerator and denominator of the shape factor 

The Van Vleck--Weisskopf shape of the absorption line 
as measured at pressures of 8-760 mm mercury 18 given 
by the equation 


P Av 
Teei ay EDES j 
A 


Y 
(118 745 + v)? + cod 


for 100 per cent oxygen near 300° K. 
The measured Ime-width parameter, Ay, ıs best de- 
seribed by 








Ay Me/s 

p = 208 fe for P < 4mm Hg 

Ay Me/s 

P = 1-90 Hg for 4mm Hg < P L 760 mm Hg 


A 
= = 0:481 cm~!/atmosphere 


for 100 per cent oxygen at 300° K 

The measured peak absorption of energy by 100 per 
cent oxygen at 300° K increases very shghtly with pressure 
from a value of 6 § db/km at 3 5 mm mercury to a value 
of 70 db/km at 500-700 mm mercury The mcrease in 
the peak intensity is due almost entirely to the wings of 
the pressure-broadened 5-mm wave-length oxygen hne 
complex 
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RADIOACTIVE DECAY OF ANTIMONY-124 
By A. SESHAGIRI RAO, V. LAKSHMINARAYANA and Pror. SWAMI JNANANANDA 


Department of Nuclear Physics, Andhra University, Waltair, India 


HE importance and usefulness of a 

Compton semtillation spectrometer for 
the investigation of complex y-ray spectra 
were first pomted out by: Hofstadter and 
McIntyre? A Compton semtillation spectro- 
meter suppresses the Compton continuum 
thus enabling the low-mtensity, low-energy 
photon peaks, previously masked by the 
high-mtensity high-energy components, to 
appear prominently m the spectrum Experi- 
mental, as well as theoretical, mvestigations 
of the efficiency of a fast-slow Compton 
scintillation spectrometer were made by 
Howland, Seofield and Taylor? They 





Fig 1 Geometnecal arrangement 
crystal scintillation head, S C , slide crystal scintillation head 
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Table 1, y-LINES OCOURRING IN THE DECAY OF ANTIMONY-124 


Recoil Corresponding Values 
or yopenien photon of P 
ria nergy energy energy (ref 4 
number (keV) (keV) GeV) ; 
1 415 603 603 (632, 646) 
2 520 719 714, 72341 
3 750 964 7042 
4 830 1,047 1,047 +3 
5 1,9070 1,298 1,298 + 
6 1,160 1,388 naa #4, 1,3861+5 
B70 + 
7 1,280 1,612 1,450 +14, 1,505 +15 
1,540+ 
8 1,455 1,691 1,692 +42 
9 1,650 1,889 1,900 + 20 
10 1,850 2,092 2,088+4 
il ,030 2,274 2,260415 


investigated the variation of officiency of thew exper- 
mental arrangement as a function of incident photon 
energy Mono-energetic sources were used m ther work, 
and the experimental results agree with theoretical 
estimates The fast-slow Compton spectrometer hag since 
become an important tool fo accurate spectroscopic work, 
and hence was used m the mvestigation reported here to 
examine the comphcated decay of the radioactive isotope 
antimony-124 

The decay scheme of antimony-124 was extensively 
examined and the fairly well-established features were 
summarized in the work of Dzhelepov etal? Later work 
by Girgis et al $, using a conventional semtillation spectro- 
meter, pointed out the necessity to mtroduce three new 
levels at 1,350, 1,900 and 2,865 keV, to accommodate the 
new y-lines detected in their work Recent work carried 
out m this laboratory®, utilizing an electronic summing 
spectrometer, confirmed the three new levels introduced 
However, the 2,260-keV lne was shown to be the cross- 
over transition from the 2,295 keV-level and not from the 
2,865 keV-level, as mferred by the complete absence 
of the cascade 2,260-603 keV ın the sum-comeidence 
spectrum, when the sum gate was set at 2,865 keV In 
the present investigation the decay of antimony-124 was 
examimed with a fast-slow type of Compton seintillation 
spectrometer 

A Compton scmtillation spectrometer comprising a 
15m x 1m sodmm iodide (Tl) crystal as the direct 
crystal and a175in x 2m sodium iodide (TI) crystal 
as the side crystal, both coupled to DuMont 6363 photo- 
tubes, was assembled A fast~slow coimcidence arrange- 
ment was made with an overall resolving time of about 
120 mysec The fast comeidence circuit used was a 
modification of that reported by Green and Bell? and was 
operated with pulses derrved from Imear amplifiers follow- 
ing the photomultiphers A geometrical arrangement 
simular to that of Davisson and Eivans’, with about 37’ as 
the semi-apex angle, was adopted, as shown in Fig 1 

The antimony-124 source of strength about 10 me 1s 
introduced into the source-holder, and the singles spectrum 
as observed in the direct spectrometer ıs first recorded 
and shown m Fig 2 In addition to the strong hnes 
reported earlier, indications of peaks at 2,260 keV and 
1,900 keV are obtained ın the spectrum The side spectro- 
meter 1s next used to gate the main spectrometer with a 
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Fig 2 Singles spectrum of antumony-124 
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Fig 3a, Comeidence recoil electron energy spectrum of antimony-124 
(low-energy portion), 8b, coincidence recoil electron energy spectrumfof 
antimony-124 (high-energy portion) 


channel width between 170 and 250 keV. The resultant 
comecidence spectrum ıs recorded and shown in Figs 3a 
and 3b The high-energy part of the spectrum ıs recorded 
in a greater detail by adjusting the gain of the amplifier 
and bringing the spectrum to a convement level The 
energies of the prominent peaks are estimated, and from 
these recoil electron energies the corresponding photon 
energies are computed and given in Table 1, along with 
the energies reported by Girgis et al 

It can be seen from Table 1 that the present y-lnes at 
603, 719, 1,388 and 1,512 keV are composite Because 
of the small intensities of the closely lymg energy compon- 
ents they could not be separated in the present work In 
all other cases, the agreement between the present values 
of energy and those of Girgis et al 18 satisfactory Clear 
indications of peaks corresponding to 1,900 keV and 
2,260 keV are observed supporting the existence of these 
two lines in the decay of antimony-124 as proposed by 
Girgis et al Although the present work supports the 
existence of the new lines at 1,900 and 2,260 keV, ıt 18 not 
possible to fix their positions in the level diagram based 
on the results of this work Most of the hnes occurring in 
the decay of antimony-124 and not appearmng in the 
singles spectrum could be recorded m the comeidence 
spectrum because of the Compton. suppression 

We thank the Department of Atomic Energy, Govern- 
ment of India, for sponsoring this scheme of work in our 
laboratory and for awarding a senior scientific assistant- 
ship to one ofus (A S R) 
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A MECHANISM FOR THE DIRECT ACTION OF IONIZING RADIATIONS 
By Dr REINIER BRAAMS 


Department of Radiobiophysics, University of Utrecht, Bijlhouwerstraat 6, Utrecht, The Netherlands 


XAMINATION of the effect of 1omzmg radiations on 
dry proteims'~* can be considered of importance for 

an explanation of the mechanism through which the 
absorption of radiation energy leads to chemical changes 
m protems In the past twenty years a number of inter- 
esting experimental results have been reported, but 
there appears to be no model for the action of 1onizing 
radiation on protems which explams more than a few of 
the known facts 

From recent mvestigations with quantitative electron 
spin resonance spectroscopy®—, 1t has become evident that 
a close relation exists between protem damage and the 
behaviour of protem radicals Of these correlations the 
following are of outstanding mmportance 

(1) The radical yields ın ammo-acids, peptides and 
protems are of the same order of magnitude®-* as the 
G-values for loss of ammo-acid residues m irradiated. 
` protemst -+3 

(2) Radical yields for irradiations at 77° K are lower?™? 
than for radiations at about 295° K Thus parallels the 
decrease m radiation sensitivity of enzymes when the 
material is irradiated at hquid nitrogen temperature 
instead of at room temperature?+5.14.15 

(3) Certam SH compounds that can partly protect 
proteins!®-1§ against radiation mactivation when present 
with the protem m the dry state durmg irradiation can 
also recerve unpaired spms which muitially were induced 
outside the SH morety**.18.19 

(4) Interaction of radicals m irradiated protem with 
NO leads to changes in the observed radical pattern and 
strength, and to changes m the degree of mactivation 
of the irradiated protein?® 

If one accepts the importance of radicals as chemical 
intermediates, then, with the aid of proposals by Voevod- 
sky*! and Varshavsku eż al ??, a scheme can be developed 
which wil explain a number of effects observed in protems 
and which can be extended to nucleic acids and to organic 
material in general 

The first step m this chemical reaction scheme ıs the 
dissociation of the radiated macromolecule mto a large 
and a small radical fragment 


MR,—>M +R, (1) 


Here MR; represents a protem macromolecule composed 
of a mam chain with many different side-chaims R,, M 
ig & relatively stable radical state of the macromolecule 
and X 18 a small diffusible radical Recombmation of 
the two radicals can occur, but does not necessarily lead 
to repair since about 4 eV (approx 100 kcal/mole) must be 
dissipated without changmg the configuration of the 
protem M is usually stable at cryogenic temperatures 
but can change into a different radical on raising the 
temperabure®: 19,23 

Rowlands and Whiffen have collected from the htera- 
ture the structures assigned to 61 radicals obtained by 
irradiation of organic compounds*4 In 43 eases the 
radical appears to have been formed by breakage of 
the C—H bond and the removal of H It seems therefore 
that ın many cases the radical F, will be atomic hydrogen 

R, 18 very potent chemically, especially if 16 15 ın the 
excited state For H to react with other side-chains an 
activation energy of about 5-9 kcal/mole**.?? 15 needed 
and this energy will often be available If only molecules 
of the MR, type are present R, can react with MR, 


dt, + MR, > M 4 RR, (2a) 


In the special case that R, 1s atomic hydrogen the reaction 
18 


H +MR,—>M + R, (2b) 


The reactions (2a) and (2b) could proceed also in a baek- 
ward direction as proposed by Varshavsku et al** to 
explain the chemical migration of free radical sites through 
semi-crystalline polyethylene The forward reactions 
result ın the formation of another protem radical, and a 
small molecule which could either react with a protem 
radical or escape as gas They will proceed fast when Ri 
carries enough energy to overcome the activation barrier 
After R, has become thermal (at room temperature) the 
reactions will be much slowed down but can still proceed 
at a measurable rate, especially when the entropy of 
activation 18 low 

In polymers with a small number of possible side-groups 
Ri, only a few different types of gas molecules will be found 
In polyethylene most of the gas consists of molecular 
hydrogen, while ın polydimethyl-siloxane hydrogen, 
methane and small amounts of ethanol were found?! 
In protems the situation could be more complex, but 
apparently reactions (1) and (2) occur with preference at 
the site of the glyeme residue In experiments designed to - 
detect the evolution of molecular hydrogen the production 
of gas (partly consisting of H,) could be observed durmg 
the irradiation of amino-acids and protems*® 

The thermal annihilation of radicals m «radiated 
amino-acids and proteins at about 100° C suggests that M 
can react with its environment It has been observed?’ 
that durmg thermal annealing of radicals ın alanme and 
m protem, gas is produced This leads to the suggestion 
that reactions of the followmg type can occur 


M + MR,—> MM +R, (3a) 
MuU + MR M, + M+R, (3b) 


Reaction (3a) represents a cross-linking between 2 macro- 
molecules, whereas reaction (3b) leads to two changed 
macromolecules M, and M, Both reactions produce a 
small radical that undergoes further reaction and eventu- 
ally appears as gas J 

If SH compounds are present ın the dry materal the 
radicals R, can abstract an H-atom from RSH 


È, + RSH RS + RE (4) 


If sufficient RSH ıs present and when the affinity of R; 
to RSH is igh, reaction (4) will compete with (2) and 
might even be favoured This results m protection in the 
dry state as has been observed by several authors?*16.3¢ 
When reaction (4) completely dominates reaction (2) the 
radiation sensitivity wil appear reduced to about 50 per 
cent of the sensitivity of the protem m the absence of 
protective compounds This is the order of magnitude 
actually found for enzymes?*-18.30,8! and for bacteriophage** 
when irradiated ın the dry state m vacuum 

Oxygen, when present, will compete with the protem 
fo. reaction with R, to form peroxy radicals?» that will 
peroxidize the protein to similar damage as with irradia- 
tion m vacuum and subsequent exposure to oxygen?’ 
If, however, protective compounds are present, the oxygen 
will compete with the protective agent for R; to form 
peroxy radicals, redueing the protective effect of SH 
compounds ın the presence of oxygen, as has been observed 
by Butler and Robins***! for trypsin 

Several observed experimental facts appear to be m 
agreement with the proposed model 


ha 
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(1) The inactivation curves of enzymes irradiated'in the 
dry state are exponential. The number of interactions N 
leading to reaction (1) will be proportional (N = aD) 
with the radiation dose D The average number of enzyme 
molecules affected by one mteraction through reactions 
(1-4) willbe g This number will depend on the environ- 
mental conditions The probability that an affected 
molecule will be mactivated 1s p, p depending on condi- 
tions before or durmg assay of the enzyme activity The 
average number of mactivated molecules per mteraction 
wil then be pq The activity 1emaming after a dose D 
can now be given by 


A(D) = A epeaD 


(2) The slope of the mactivation curves plotted on 
semi-log paper ıs dependent on temperature When 
radiations are carried out at different temperatures, 
the mactivation curves are still exponential but with 
different slopes If reaction (1) ıs dependent on tem- 
perature the probability g will also be dependent on 
temperature From the available datat, ıt appears that 
q 18 an exponential function of the reciprocal value of T 
in the temperature range 70°~300° K 

(3) In the presence of SH compounds the radiation 
sensitivity of enzymes 18 reduced to about half the sen- 
sitivity without protectmg agents present At high 
concentrations of the protective agent the protection 
factor?’*1 can become slightly higher than two This 
occurs when, after mteraction with 1omzmg particles, 
the SH compounds themselves are contributmg hydrogen 
atoms for reaction with protem radicals Such a reaction 
could lead to restoration of the origmal chemical com- 
position of the protem molecules The probabihty that 
such a restoration occurs without changes in the natrve 
configuration of the protein must be considered small 
sinco the protection factor m the dry state 1s usually m 
the neighbourhood of 2-3 

(4) The frequently observed transfer of spms to SH 
compounds in mixtures of protems or amino-acids with 
SH compounds 1s diffusion controlled’ 

(5) The protection with SH compounds 1s also achieved 
when uzradiations are carried out at lquid nitrogen 
temperature” since reactions with R, can start when the 
temperature of the sample ıs brought baek to room 
temperature The fact that the protection factor for 
irradiations at low temperature 1s nearly the same as for 
radiation at room temperature seems to indicate that 
excitation of R, 1s not a necessary condition for reaction 
with protem 

(6) When oxygen 1s present durmg irradiation both 
the protein radicals and R, will react with oxygen The 
effect to the protem could be slightly different from the 
changes caused by irradiation m vacuum and subsequent 
exposure to oxygen before dissolution Hunt et al *° find 
that for RNase the radiation sensitivity for exposure to 
oxygen during radiation is about 13 times the sen- 
sitivity for irradiation m vacuum with subsequent 
exposure to oxygen 

(7) When protective compounds are present during an 
irradiation m oxygen, the protective effect cannot be 
exerted and an oxygen effect becomes apparent??-*! 

(8) At very hgh LET values, the rise in temperature 
in the centre of the track can be several thousands of 
degrees Atomic hydrogen and other small radicals that 
have been formed will not easily combme or recombme 
in the region of high temperature Because of the igh 
plessure and temperature they will diffuse farther away 
from the central core of the track at low LET The 
mechanism of energy transfer needed to explain the 
enlarged radiation cross-sections for enzymes irradiated 
with fully 1onized carbon or oxygen nucle®® then simply 
is the diffusion of hot small radicals 

(9) Smee the processes in the region of the tiack of 
particles with very high LET will be governed by the 
transient high temperature with values of thousands of 
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degiees, the effects will not be mfluenced much by a 
change m the ambient temperature of about 200°C. For 
these particles the radiation sensitivity of enzymes should 
not depend much on the temperature at which radiation 
is carried out Brustad** has actually observed this for 
trypsin, DNase and lysozyme 

(10) In the region of high temperature around tho 
track of a high LET particle, scavenging of the small 
radicals R, by SH compounds will not be effective, and 
the radicals will be able to diffuse away from the central 
core In this core therefore no protection can be expected 
Outside the core around the 8-ray tracks mteraction with 
SH presumably still could occur The overall effect of 
the presence of SH compounds thus results m a small 
protective effect Brustad: has observed that trypsin 1s 
not protected by cysteme when irradiated with 115-MeV 
carbon nucler It appears that better agreement between 
theory and experiment can only be expected after the 
theory has been more refined and experrmental data have 
become more abundant 

(11) When protem is surrounded -by an excess of 
chemucally different material the radiation effects un the 
protem fraction will be mfluenced by the radical produc- 
tion m the surroundmg maternal and by the nature of 
these radicals Sensitization can be expected to occur 
when the surrounding substances produce more, and more 
aggressive, radicals than protems  Sonsitization of 
enzymes m the presence of excess foreign maternal has 
actually been observed for mvertase and RNase in 
acetate and in sucrose for 4-MeV deuterons’, for trypsm 
in dextran or m ribose after irradiation with 115-MeV 
carbon-ions** and for trypsin exposed to fast electrons ın 
the presence of magnesium. salts? 

(12) The fraction of molecules which show thermo- 
labuity*? 18 independent of the presence of protective 
compounds**, mdicating that m the presence of protective 
agents only the number of events damaging to the protem- 
molecules are reduced but that the nature of the damage 
has not been changed 

(13) The fraction of molecules which show thermo- 
lability 1s the same for iwradiations performed at room 
temperature or at liquid nitrogen temperature**, indicating 
again that by decreasmg the temperature only the number 
of damagmg events (the formation of a protem radical) 1s 
reduced but not their character 

(14) The presence of SH does not prevent the formation 
of free radicals in piotem, a fact observed and expheitly 
stated by Henriksen et al 1° 

(15) A strongly reduemg radical such as H could be 
expected to react with the disulphide bridge frequently 
present ın proteins Gordy et al ** have observed that in 
protems contaming —SS— hnkages a cystine-lke 1adical 
pattern is often found If the reaction proceeds m the 
following way 

H +Rh,—-S—S—R,—-#,-S—H+R,—S 
breakage of the disulphide hnk would ocem This has 
been observed by Satlow and Zahn® m irradiated wool 
After oxygen 1s admitted to the R-S radical this would 
react and oxidize the sulphm contammeg, residue After 
hydrolysis of irradiated wool an increase in the cysteic 
acid concentration has been found by Fritze et al“ 

The model proposed here leads to a somewhat similar 
overall reaction as the hypothesis recently forwarded by 
Alexander and Ormerod*?:43 The essential differences are 

(1) Real protection is possible through a mechanism of 
radical scavenging, sumilar to the mechanism now widely 
accepted for protection agaist the mdurect effect In 
the hypothesis by Alexander and Ormerod the mmpoitant 
effect 18 a repair process 

(2) The protection 18s limited to a factor 2-3 ın agree- 
ment with expenmental observations, both on protems and 
on bacteriophage In the model by Alexander and Ormerod 
there are no reasons given why repair should not take 
place to a much higher degree than ıs actually observed 
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(3) A simple chemical mechanism 1s given to explain 
the apparent mteraction between the protem radical and 
the protective substance 

The proposed model will have to be tested for quantitative 
agreement and for its capacity to produce valid predre- 
tions Especially the chemical reactions and ther reaction 
kimetic constants will have to be specified ın greater 
detail Some of the required experiments are bemg 
carried out and have yielded preliminary results which 
tend to support the hypotheses mvolved 

If the model can be confirmed by more quantitative 
evidence, the orgmal concepts of direct and imdurect 
action will have to be re-defined the scavenging of small 
diffusible radicals not bemg restricted to the mdurect 
action on compounds dissolved or suspended m water 
It appears, further, that with slight modifications the 
model can be extended to solutions and so provide a 
general theory for radiation effects m the condensed state 
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2,6-Dimethyloctane 


ADIOLYTIC yields of hydrogen and hydrocarbons 
through ©; have been determimed for 2,6-dimethyl- 
octane, since this paraffin serves as a model for hydrogen- 
ated rubber 
The 2,6-dimethyloctane was synthesized by a new route 
(The 2,6-dimethyloctane was synthesized by Chemicals 
Procurement Laboratories, 130th Street, College Point, 
New York ) 2,6-Dimethyloctanol-8 (ref 1) was converted to 
the bromide, which was converted to the Grignard reagent, 
which was converted to the paraffin by treatment with 
water Specimens for radiolysis were distilled with a 20 
T P Stedman column bp 157 0°-1571° C (763 mm), 
no 14112, œ 07291, Mp(eale) 4838, Mp (found) 
4849 CoH... requres C, 8439, H, 1561, found C, 
8418, H, 15 83 
Specimens of approximately 30 ml were irradiated 
They were degassed by conventional vacuum techniques 
of freezing, pumping and trap-to-trap distillation, and then 
distilled ito the irradiation cell which was sealed to one of 
the traps through a seal-off tube The cell was a 50-ml, 
quartz, round-bottomed flask fitted with a horizonal 
‘Pyrex’ break-seal on the neck and aseal-off tube The cell 
was baked-out for 12 h with pumping while the degassed 
specimen remained frozen na trap Simece 2,6-dimethyl- 
octane frequently ruptured cylindrical vessels durmg 
freezing—thawing operations, bulbous traps and radia- 
tion cells were used 
Gamma-irradiations were made at 22°-25° © with 
cobalt-60 Dosimetry was carried out with the ferrous 
sulphate dosimeter (G(Fe'+) = 155) which duplicated 
the specimen in volume and geometry In calculatmg 
radiation yields (G = molecules/100 eV), the small 
correction due to the difference in electron density between 
specimen and dosimeter was made 
Vapour-phase products in the cell were analysed with a 
Perkin~Elmer gas chromatograph, model 154 Irradia- 


tion cells were attached through the break-seal to a 
Toepler pump (300-ml capacity) jomed to a 3 5-ml. loop 
suitably fitted with stopcocks to serve as the introductory 
wut of the gas chromatograph The cell gases were 
transferred to the loop with five operations of the Toepler 
pump and without freezing the solvent 50-ft dı- 
methylsulpholane and diphenyl ether columns (20 wt 
per cent on 60-80 mesh firebrick) at 0° C were used with 
nitrogen as the carrier gas A thermistor detector and a 
flame ionization detector were used m series to measure 
hydrogen and hydrocarbons, respectively The chromato- 
graphic umt was calibrated for response to each of the 
radiolytic products found In some experiments for 
measuring hydrogen and methane only, it was convenient 
to use a 50-ft Linde molecular sieve column at 30° C, 
hehum carrier gas and a thermistor detector In this case, 
the solvent was frozen with liquid nitrogen durmg each 
operation of the Toepler pump, and was thawed and 
re-frozen between each operation 

Radiation yields were based on the analysis of the 
vapour-phase products in the cell and are averages of at 
least three irradiations Experments showed that the 
Toepler pump removed at least 98 per cent of the hydrogen 
and methane from the liquid phase within the cell Un- 
doubtedly, other hydrocarbons were not removed as 
efficiently because of solubility in the solvent, and their 
radiation yields are considered to be sem1-quantitative 

Table 1 gives the product yields and Fig 1 shows the 
hnearity of the hydrogen gas and methane yields 

Hardwick has proposed that the radiolysis of liquid 
paraffins proceeds via hydrogen atom and. organic radical 
intermediates?? It has not been necessary to mvoke 
10n-molecule reactions to explain the products ‘Hot’ 
and thermal hydrogen atoms are produced by C——H bond 
scission The former abstract hydrogen on their first 
collision with a neighbour molecule to produce hydrogen 
gas The latter diffuse, react competitively with solvent 
and solute, and produce hydrogen gas by abstraction or 
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Table 1 RADIATION YIELDS (G) FoR 2,6-DIMETHYLOCTANE 
Product Molecules/100 eV 
Hydrogen 3 32 
, Methane 0 28 
Ethane 0 04 
Ethylene 014 
Acetylene 0 004 
Propane 0 04 
Propylene 010 
Normal butane 0 08 
Butene-1 0 04 
Cis-Butene-2 0 01 
Trans Butene-2 0 03 
7 Butadiene-1,3 0 001 
Isobutane 0 04 
Isobutylene 0 02 
Normal pentane 0 004 
Pentene-1 0 002 
C1s-Pentene-2 0 007 
Trang Pentene-2 0 0008 
Isopentane 0 03 
24-Methylbutene-2 0 002 
2«-Methyloutene-1 0 007 


self-combination In some cases, an activated hydro- 
carbon molecule may detach a hydrogen molecule, leaving 
a bi-radical or olefine Caged alkyl radicals from C—C 
bond scission recombine or disproportionate to a paraffin 
plus an olefine Freely diffusmg alkyl radicals combine 
to produce paraffins or disproportionate According to 
Buckley and Szware‘, alkyl radicals may abstract hydro- 
gen from hydrocarbons to produce paraffins 


O 


G (H3): 3 32 


H, (moles x 10°} 


G(CH,}=0 26 


CH, (moles x 10°) 





0 1 2 3 4 5 6 7 8 9 
Dose (eVig x 10-8} 
Fig 1 Welds of hydrogen and methane from 20 g of 2,6-dimethyloctane 


On the basis of these views, direct routes are readily 
percerved to the following radiolytic products listed in 
Table 1 hydrogen, all paraffins except n-pentane, the 
olefines, ethylene, propylene, butene-1, butene-2, isobutyl- 
ene and 2-methylbutene-1 For example, disproportiona- 
tion accounts for the olefines On the other hand, the 
formation of the following trace products would seem to 
require some sequence of reactions n-pentane, pentene-1, 
pentene-2, 2-methylbutene-2, butadiene-1,3 and acetylene 

WESLEY E SHELBERG 
JamES F PESTANER 


1 Natelson, S$, Gottfried, S , and Kornblau, S, J Amer Chem Soc, 64’ 
1484 (1942) 
2 Hardwick, T F, J Phys Chem , 64, 1623 (1960) 


3 Hardwick, T J, J Phys Chem , 86, 1611 (1962) 
4 Buckley, R , and Szwarc, M , Proc Roy Soc , A, 240, 396 (1957) 


2,6-Dimethyloctadiene-2,6 and Squalene 


Rapiotyric yields of hydrogen and hydrocarbons 
through C, have been determmed for 2,6-dimethylocta- 
diene-2,6 and squalene, since these olefines serve as models 
for natural rubber 
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2,6-Dimethyloctadiene-2,6 was prepared by the reduction 
of geraniol (purified through the calcium chloride com- 
plex?) with sodium in Lqmd ammonia (Geraniol and 
squalene were obtamed from Distillation Products 
Industries, Rochester, New York) 1,500 ml of liquid 
ammonia was added to 462 g of geraniol in a 4-1 Erlen- 
meyer flask fitted with a strong, efficient stirrer No 
precautions were taken to prevent condensation of mois- 
ture withm the flask 54 g of sodium was added in small 
pieces to the stirred mixture for 1 h, durmg which time 
liquid ammonia was added occasionally to maintain the 
volume Additional sodium would not react The mixture 
was left for 0 5 h after which 1 51 of ethanol was added in 
small amounts while the flask was kept m an ice bath 
Ethanol and ice were then added alternately and cau- 
tiously until any remaiming sodium had reacted Finally, 
an excess of water was added, and the organic layer was 
extracted with ether The ether solution was washed with 
water until 1t was no longer alkalme, washed with satur- 
ated salt solution and dried with anhydrous sodium sul- 
phate The ether was distilled away in a 3-1 flask with 
a large distilling head, the flask was mmmersed ın an onl 
bath ultumately raised to 100° C The residual mixture 
of 2,6-dimethyloctadiene-2,6 and geramol was distilled 
wm vacuo using a 3-1 round-bottomed flask with a Claissen 
head, using an oil bath at 90°-110° C, and using slow 
distillation to avoid superheating A yield of 154 g (74 
per cent) of crude 2,6-dimethyloctadiene-2,6 was obtained, 
bp 58°-60° C (13 5-14 mm) 

Pure geramiol was recovered afterwards at 3-4 mm 
(b p 94°C) The diene gradually develops an acrid odour 
on exposure to air, but this may be prevented by storing 
it in the degassed state Specimens were distilled mmedi- 
ately before radiolysis with a 20 T P Stedman column, 
bp 1660° C (774 mm), n? 14491; d 07734, Mp 
(calc) 4745, Mp (found) 47 49 CioHi, requires 
C, 86 85, H, 13 15, found C, 8690, H, 13 15 The mfra- 
red spectrum of the purified diene agreed with that of 
Sheppard and Sutherland? It showed the absence of 
hydroxyl groups and the presence of less than 2 per cent 
of 1sopropenyl groups, CH, = C(CH;)— The sopro- 
penyl unsaturation occurs in the geramol and cannot be 
removed therefrom by reported purification procedures 
A. hypothetical specimen free from isopropenyl unsatura- 
tion. would be expected to acquire the properties of 180- 
propenyl unsaturation on wradiation due to the allylic 
resonance associated with one of the scission radicals 
CH.C(CH,) = CHCH,CH,C(CH,) = CHCH, «—> CH, = 
C(CH,)CHCH,CH,C(CH,) = CHCH, 

Squalene (98 per cent) was purified ummediately before 
radiolysis by passage through a silica-gel column, as 
described by Sax and Stross*, and vacuum distillation 
CoaoHs. requires CO, 8773, H, 1227, found C, 8774, 
H, 12 25 i 

As shown in the previous communication, specimens 
(20 g) were degassed in quartz cells, they were irradiated 
with y-radiation from cobalt-60, and radiation yields 


Table 2 RADIATION YIELDS o FOR 2,6-DIMETHYLOCTADIENE-2,6 AND 


QUALENE 
Molecules/100 eV 

Product 2,,6-Dimethyloctadiene-2,6 Squalene 
Hydrogen 77 x 1077 58 x 107+ 
Methane 52x 10-7 18 x 10° 
Ethane 1 x 10-* 1x 10 
Ethylene 6 x 10- 4x 104 
Acetylene none 2 x 10-5 
Propane _ 3 x 10° 7 x 10 
Propylene 2 x 107 4 x 10 
Normal butane 4 x 19° none 
Butene-1 2 x 10 none 
Ors-Butene-2 5 x 107 8 x 10-7 
Trans Butene-2 9 x 105 ne 
Butadiene-1,3 9 x 104 4x 19-* 
Isobutane 2 x 10° none 
Isobutylene i x 107 1 x 10° 
Normal pentane 3 x 10° none 
Pentene-1 2 x 10 none 
Isopentane 2 x 10 none 
3-Methylbutene-1 1 x 10 none 
2-Methylbutene-2 5 x 103 3 x 10+ 
2-Methylbutene-1 1 x 107 none 


10 


G (H) O77 


Lee] 


Hz {moles x 10°) 


G {CH4} = 0 052 


tv 
CH, (moles x 10°) 





0 1 2 3 4 5 6 
Dose (eV/g x 10-7°) 


Fig 2 YYıields of hydrogen and methane from 20 g of 2,6-dimeth) locta- 
diene-2,6 


were based on the gas chromatographic analysis of the 
vapour phase products in the cell This resulted m quanti- 
tative yields for hydrogen and methane and semi-quantita- 
tive yields for other hydrocarbons 

Table 2 gives the product yields and Figs 2 and 3 show 
the lmearity of the hydrogen gas and methane yields 
The product yields from squalene are generally less than 
those from 2,6-dimethyloctadiene-2,6 

It ıs postulated that molecules of 2,6-dimethylocta- 
diene-2,6 and squalene undergo C—H and C—C bond 
scission on radiolysis to produce hydrogen, methyl and 
olefinic radicals These radicals are not expected to 
diffuse beyond a few molecules because of the great 
scavenging ability of the solvent, but are expected to react 
with adjacent and nearby molecules to produce stable 
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Fig 3 Yields of hydrogen and methane from 20 g of squalene 


products The reactions undoubtedly melude addition 
of radicals to double bonds, abstraction of hydrogen, 
radical couphng, disproportionation, and rearrangement 
of unsaturation due to allylhe resonance It does not seem 
reasonable to speculate on specific routes to observed 
products because of the complexity possible in the 
reactions 

Wester E SHELBERG 

James F PESTANER 

RICHARD Y YAaAuHIKU 


1 Beilstein, Handbuch der Oigamsiehen Chemie, fourth ed , 1, 475 (Julius 
Springer, Berlin, 1918) 

2 Sheppard, N , and Sutherland, G , J Chem Soc , 1540 (1947) 

3 Sax, K J, and Stross, F , Anal Chem ,29, 1700 (1957) 
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EFFECT OF X-IRRADIATION ON SUSCEPTIBILITY OF CELLS TO 
TRANSFORMATION BY POLYOMA VIRUS 


By Pror MICHAEL STOKER 


Medical Research Council Experimental Virus Research Unit, Institute of Virology, University of Glasgow 


To abihty of polyoma virus to alter the hereditary 
properties of cells (polyoma tiansformation)'? can be 
estimated quantitatively am viro usmg the BH K21 line 
of hamster fibroblasts?-*, and investigations can now be 
made on the conditions which affect the frequency of 
transformation following virus cell interaction 

Smee it 1s believed that X-irradiation predisposes to 
neoplasia, and some radiation-induced leukemias in 
experimental animals are found to be transmussible', 1t was 
decided to examine the effect of X-rays on the sensitivity 
of BH K21 cells to transformation by polyoma virus 

The tissue culture fluids and media, and the feeder layer 
cultures®, the source and culture of BHK21 cells’, the 
preparation of high titre virus stocks of a small plaque 
vanant of polyoma virus’ and the standard conditions for 
infection of BHK21 cells ın suspension’, have been 
described previously 

The standard medium (designated ETC) consists of 
modified Eagle’s medium with twice the normal content 


- 


of arnino-acids and vitamins. 10 per cent tryptose and 
10 per cent unheated calfserum In all experiments, clone 
13 of BHK21 cells was used after not more than 2 weeks’ 
growth from a frozen stock at the thirtieth generation 

Hamster cells, as well as mouse cells used for feeder 
layers, were irradiated as suspensions in iris buffers! with 
25 per cent calf serum (afterwards called ‘buffer’) or as 
confluent monolayer cultures ın medium <A Watson-type 
Mobihx X-ray apparatus was used at 81 kV and 3 m amp 
delivering 4 1 r/sec in air The radiation was unfiltered 
and the target to cell distance was 12 7em Themaximum 
depth of buffer or medium during the irradiation was 5 
mm Following uradiation the suspended cells were 
centrifuged at 250g for 5 mm and re-suspended in fresh 
buffer the intact monolayer cultures were washed with 
buffer 

X-ray sensitwity of uninfected BHK21 celle The X-ray 
sensitivity of unmfected BH K2] cells was first determined 
Cells were exposed in suspension to various doses of 
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Fig i Sensitivity of normal and transformed BA K21 cells to X-radia- Fig 3 Effect of polyoma virus on irradiated normal BHK21 cells 


tion Shows proportion of colony-forming cells surviving after irradiation 
compared with unirradiated controls 
©, Normal, x, transformed 


A-ray dose (r ) 


375 


500 


Proportion of survivors (logis) 





Fig 2 Effect of polyoma virus on irradiated normal BHK21 cells 

Celis were irradiated for various times and then exposed fo virus 

Shows proportion of colony-tormne ceig compared to unirradiated 
controls 


O, Normal, x, transformed 


irradiation ond the numbers of surviving cells were determ- 
med by colony counts after plating on feeder layers of 
irradiated mouse cells For comparison a cloned, virus- 
free, hne of polyoma transformed BHK21 cells was 
examined in the same way The results which are shown 
m Fig 1 do not reveal any significant difference in sensiti- 
vity between the normal and transformed cells No 
colonies with transformed or otherwise abnormal morphol- 
ogy were seen among about 104 survivors of normal cells 
after X-irradiation and conversely no normal colomes 


Pooled results of eight expernments showing enhancement in trans- 
formation frequency found after irradiation 
Proportion of transformed colonies from irradi- 
ated cells 
Proportion of transformed colonies from unm- 
radiated cells 


Enhancement factor = 


have been found among the surviving colonies of trans- 
formed cells 

Effect of irradiation on frequency of transformation To 
investigate the effect of irradiation on subsequent polyoma 
transformation, batches of 1-2 milhon BHK21 cells were 
exposed im suspension to various doses of irradiation 
Equal numbers of cells (about one million) from each 
batch were infected ın suspension with 10° plaque-formmg 
umts of polyoma virus and assayed for transformation 
by the standard method Table 1 gives the numbeis of 
normal and transformed colonies which developed, and 
also the frequency of transformed colonies among total 
colonies (column 6) Fig 2 shows graphically the propor- 
tion of survivors which gave either normal or transformed 
colonies 

It will be seen from Table 1 and Fig 2 that the radia- 
tion reduced the number of viable cells giving normal 
colomes more rapidly than the number giving transformed 
colomes After 500r and subsequent infection the propor- 
tion of normal viable cells had fallen from 46 to 4 4 per 
cent whereas the transformed viable cells only fell from 
2 5to 0 78 percent This difference leads to an increase in 
the transformed colony frequency (column 6) 

The increment in transformation produced by irradia- 
tion of the cells may be shown by the ratio of the trans- 
formed colony frequency after irradiation compared to the 
frequency in the unirradiated controls This will be called 
the enhancement factor, and ıt 1s shown in column 7 of 
Table 1 Fig 3 shows the enhancement factor for m- 
creasing uradiation obtamed from the pooled results of 
eight experrments There is a good deal of variation 
between experiments, but ıt appears from the figures 
that the increase in transformation frequency 1s related 
to dose of X-rays at least up to 500 r At higher doses 
the number of surviving cells 1s too few for satisfactory 
estimates 

From these results 16 may be concluded that prior 
irradiation of BHK21 cells followed by polyoma virus 


Table 1 INCREASE IN FREQUENCY OF TRANSFORMED COLONIES ARISING rites BHE2\ CELLS EXPOSED TO POLYOMA VIRUS AFTER X-IRRADIATION OF THE 
ELLS 








Normal colonies Transformed colomes Transformed colonies (%) Enhancement 
Dose of X-ray (r ) Cells plated Cells plated (%) Total colonies (M) factor* 
0 548/1,200 46 30/1,200 25 5 2 
188 812/3,200 25 71/3,200 22 80 
375 : 509/9,000 56 115/12,000 0 97 128 
§45/12,000 44 94/12,000 078 148 


500 | 


renin: 














* Enhancement factor is ratio of transformed colony frequency (column 6) with irradiated cells compared with unirradiated cells 
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Table 2, INCREASE IN FREQUENCY OF TRANSFORMED COLONIES ARISING FROM IRRADIATED CELLS INFECTED IN MONOLAYERS TO AVOID CELL AGGREGATION 


Transformed colonies 


Transformed colonies (%) Enhancement 


ne IR er rt 
AR al iH Aa | ttt rin f rmemurntnatshiht Pam 7nd 7S HH 
Ott etre | tata a ial tet HS 


Dose of X-rays | Unclumped cells Normal colonies 
(r) (%) Celis plated (%) 
0 95 446/1,125 40 
125 90 830/1,125 29 
250 94 433/2,250 19 
375 99 728/5,625 13 
500 96 602/11,250 54 


* See Table 1 


infection increases the probability that the survivors will 
yield transformed clones 

Possible effect of cell aggregation Both unirradiated 
and irradiated BHK21 cells ın suspension are markedly 
aggregated by polyoma virus For example, the cell 
suspension used for the assay shown im Table 1 contained 
about half the cells in clumps of two or more Earlier 
expermments have shown that clumpmg does not affect 
the number or growth of transformed colonies, by com- 
parison with colonies arising from single cells? This 1s 
probably due to dispersal of the clumps after dilution of 
the infected suspension It was still important to show 
that cell aggregation had no effect on the enhancement of 
the transformation after irradiation For example, ıt 
was possible that a transformed cell in an aggregate with 
an untransformed cell might be more hkely to form a 
transformed colony if the normal cell were previously 
damaged by irradiation 

Attempts to obtain single cell suspensions by sedimenta- 
tion of aggregates after infection ın suspension were 
unsuccessful It was therefore decided to adsorb the virus 
to cells smmobulized ın monolayer cultures, and then to 
suspend the cells and assay for transformed colonies in 
the usual way Preliminary experiments showed that cells 
suspended from monolayers immediately after adsorption 
of virus were still aggregated, perhaps because virus was 
stul attached to the cell surface However, if after 
adsorption the mfected monolayers were left intact under 
medium for 3 h before suspension, 1t was possible to obtain 
predominantly single cell suspensions 

In terms of virus dose, transformation occurred less 
frequently when cells were infected as monolayers In 
the technique finally adopted 1-3 x 10° plaque-formmg 
units in 02 ml of buffer were allowed to adsorb for 1 h 
at 37°, but this produced a lower transformation fre- 
quency than the standard exposure of cells ın suspension 
to 10° plaque-forming units ın 1 ml 

To determine the effect of irradiation on. transformation 
using well-dispersed cells, separate monolayer cultures 
were exposed to mcreasing doses of X-irradiation, washed 
with buffer, and infected as described ‘The cells were 
then meubated in 5 ml of HTC medium for 3 h at 37°, 
suspended, and counted The proportion of single cells 
ranged from 90 to 99 per cent and only two clumps with. 
more than 2 cells were found Table 2 gives the results 
of the assay It will be seen that the increased trans- 
formation frequency was still observed with radiated 
cells, even though the majority of cells were not aggre- 
gated 

Effect of wradrated uninfected BHK21 cells on colony 
formation by transformed cells The merease ın relative 
numbers of transformed colomes arising from irradiated 
cells did not necessarily mean that there was a real increase 
im the proportion of cells transformed There might 
simply be a greater chance that transformed cells would 
form colonies when plated under these conditions after 
prior irradiation Despite the presence of a large excess 
of irradiated mouse feeder cells ın all assay plates, it was 
possible that addition of irradiated BHK21 cells might 
In some way enhance the growth of transformed cells. 

To investigate this possibility, a standard transforma- 
tion assay was carried out with 10° unirradiated BH K21 
celis exposed to 10° plaque-formmg umts per ml of 
polyoma virus 10? mfected cells were then plated on 


Cells plated (%) Total colonies factor * 
25/4,000 0 62 15 ain 
34/4,000 0 85 28 18 
44/8 ,006 0 53 28 18 
89/20,000 045 3 4 22 
89/40,000 0 22 49 26 


uradiated mouse feeder layers, with and without the 
addition of five times the number of uninfected BHK21 
cells irradiated with 750 r Table 3 shows the results 
About 5 per cent of the added wradiated cells survived, 
and this contributed to the increased total colonies counted 
in the assay with iwradiated cells It is clear that the 
presence of homologous irradiated cells did not alter the 
growth and colony formation by freshly transformed, cells 


Table 3 Errzecr oF HxoESS IRRADIATED HAMSTER CELLS ON STANDARD 
POLYOMA TRANSFORMATION ASSAY USING UNIRRADIATED CELLS 


No of 
uninfected No of Eesnetorniye 
hamster cells intected No of colomes colonics (%) 
irradiated §§ hamster cells Total Transformed Total ` 
{750 r } unirradiated colonies 
Nil 1,000 407 24 50 
§,000 1,006 458 22 48 
10,000 nil 224 0 — 
Conclusions It will be seen from these results that the 


apparent frequency of transformation by polyoma virus 
18 increased among cells which have survived X-1rradia- 
tion This effect might be due to an increase in the colony- 
forming efficiency of transformed cells rather than to an 
increase in the number of mitial transformations. There 
was no evidence, however, that the experimental condi- 
tions following inadiation favoured the growth of trans- 
formed cells ın the assay system, nor was the effect in- 
fluenced by cell aggregation It therefore seems likely 
that relatively more cells were actually transformed 
among the survivors after irradiation 

There ıs no direct evidence of polyoma virus multiplica- 
tion in BH E21 cells, and even if new virus was produced 
by irradiated cells, the additional contribution would be 
unlikely to affect the transformation frequency by fresh 
infechons A satisfactory explanation of the phenomenon 
is yet to be found, but there are two main possibilities; 

First, the population may be heterogeneous, and contain 
cells which are selected because they are genetically, or 
for temporary physiological reasons, more resistant to 
radiation These resistant cells may for some unknown 
reason also be more sensitive to polyoma transformation 

Secondly, ıt may be supposed that damage by X-1rradia- 
tion directly causes an increase in sensitivity to the virus 
transformation Such damage would have to be sub-lethal 
for the transformation to become mamifest, unless one 
supposes that the virus can rescue otherwise lethally 
radiated cells 

Whatever the explanation, 1f X-irradiation mereases 
the susceptibility of cell populations to transformation 
by polyoma virus, ıt may also merease the sensitivity 
to other tumour viruses If so, one factor ın the caremo- 
genic effect of X-irradiation may be the imereased prob- 
ability that virus-induced tumours will arise in irradiated 
tissue It will be desirable to test the effect of other 
carcinogens on cell susceptibility to tumour viruses 
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ADENOSINE TRIPHOSPHATE-DEPENDENT REDUCTION OF NICOTINAMIDE 
ADENINE DINUCLEOTIDE BY FERRO-CYTOCHROME C IN 
CHEMOAUTOTROPHIC BACTERIA 


By Dk M | H ALEEM and Dr H LEES 


Department of Microbiology, University of Manitoba, Winnipeg 
AND 
Dr D J D. NICHOLAS 


Department of Chemical Microbiology, Long Ashton Research Station, University of Bristo! 


ECENT biochemical investigations with chemo- A 
autotrophic bacteria have been concerned with the 


mechanism of electron transfer!-‘, phosphorylation sys- °“ 
tems coupled to the oxidation of inorganic compounds’ a 
and with the fixation of carbon dioxide®** One of the 
metabolic problems remaming to be resolved 1s the 
source of reducing power required to drive the endergonic °° 
processes associated with the fixation of carbon dioxide 
Since chemoautotrophic bacteria do not utilize sugars or 
organic acids as primary energy sources and do not use Ror 
hght energy as do photosynthetic organisms, there has 
been much speculation about the source of reducing 


power and how ıt ıs generated ın these organisms It ıs 
well known that reduced nicotinamide adenine nucleotides 


ale required for fixation of carbon dioxide in photosyn- 30 2$ 20 30 25 20 j 25 Š T 
thesis, and recently adenosine triphosphate (ATP) and 30 5350 340 dbo 240 550 mp 
reduced nicotinamide adenine dinucleotide (NADH) were B 

found to stimulate the imcorporation of carbon dioxide 


into cell-free extracts of the mtrifying bacter1um Natro- o2- 
bacter® Since the potentials of the compounds oxidized 
by chemoautotrophic bacteria are much more positive 
than the NAD/NADH couple, NO,-/NO,, +0 421, Ol ~ 
NH,OH/NH.OH H, +0562, NH,OH+t/NO,- +045; 
Fe*+/Fe5+, +077, NAD/NADH, —0 32; a mechamsm 
which involves the reversal of electron transfer may be 


mvolved in reducing the nicotinamide adenine nucleotides 
although Gibbs and Schiff!, in a recent review, do not 
favour this possibility In this communication we show ar io oe. ao 30 23 20 S 
that NAD is reduced by ferro-cytochrome c m cell-free | b 
-extracts of Natrobactei, Nitrosomonas and Ferrobacillus 440580 s0 
provided ATP ıs added. The concept of an energy-de- C 
pendent electron flow from sucemate to NAD promoted o% - 


by ATP or energy-rich precursors of ATP in animal mito- os- 
chondria was first proposed by Chance and Hollunger™ ous 

Chance and Olson and Chance and Nishimura’ suggested 

lated NAD reduction in intact cells of purple bacteria | 


A Optical density 


that a simular process would account for the hght-stiumu- o3- 
Bose and Gest? showed that the ‘photoreduction’ of NAD oz- 
or fumarate by succinate and photo-evolution of hydrogen 
in Rhodospirdlum rubrum was promoted by ‘dark’ oxda- 
tion-reduction reactions which were dependent on energy- Ri 
rich intermediates produced by the mteraction of light 
with the photo-chemical apparatus 

Cells of Netrosomonas europaea, Nitiobacter agis and. o- 
Ferrobacillus ferrooxidans grown m batch cultures were aa 
collected in a Servall continuous flow centrifuge Cells of Pia cae 1 2 o 3 25 20 


i 
Nitrosomonas or Netrobacter were washed in 005 M whe alg als ws xo 550 mp 


pe 


Fig 1 Effect of adenosine triphosphate on the reduction of nicotmamide adenme dinucleotide by mammalian ferro-cytochrome ¢ by cell-free 
pee Mere of Netrobacter (ECAGHION a) Phe results 1llustrate rapid scans, each taking 30 sec, of a difference spectrum. over A range ee cn 4 
or 300-609 mu made ın a Unicam SP 700 recording spectrophotometer The reaction was followed under anaerobic con tions In specia au wa 
cuvettes (1 cm light path) fitted with Thunberg attachments The reaction mixture contained 2 moles NAD, 0 05-01 ener on pa a 
a or b) contaming 0 5 mg proteiñ/ml , m a final volume of 3 mi 01M tros~hydrochlorie acid buffer pH 78 Adenosine triphospha T : oe A 
m 02ml ofthe buffer) was added to the test cuvette only Mammalian cytochrome e (horse heart, Sigma type ITT) was Teonoed we palla ne 
asbestos and hydrogen, and 0 3 zmoles in 0 2 ml tres-hydrochloric acid buffer was put m the sidearm of the Thunberg cuvette Korov ing 
and gassing the cuvette with oxygen-free nitrogen (repeated three times), the reduced cytochrome ¢ was tipped me ede a ao 2 ea Aes 
reaction, which was then followed over a period of 10 min by the rapid scanning technique The following enzymatic A i or reo i a 
ee eee ee Taraso (0 ue ryeal sigma tope irom rabble gree) ang, & poles sodium pyruvate (Pig 10) 
i and lache dehydrogenase ug erystallme Sı 
sa wee Time aitferences between the scans (eft to mght) are 1 and 2 min 
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Fig 2 Reduction of nicotinamide adenme dinucleotide (NAD at 340 mæ, O—O} by 

the presence of adenosine triphosphate (ATP) 
in cell-free extracts of Vetrobacter (fraction a) The results plotted from rapid scans, each taking 
30 sec of a difference spectrum over the range 300-600 mz in a Unicam SP 700 recording 
spectrophotometer Details of reaction mixtures given in Fig 1 Reaction mixtures m Fig 24 
g 2B as for Fig 18 (contaming the alcohol dehydrogenase trap), in 
Fig 20 as for Fig 1C (contamimg the lactic dehydrogenase trap) 


mahan ferro cytochrome e (650 mz, x-~-x)} m 
as for Fig 14 in Fi 


tris -hydrochloric acid buffer (pH 7 5) and Fer? obacilus im 
de-ionized water adjusted to pH 2 5 with dilute sulphuric 
acid Cell-free extracts were prepared by disrupting 
cells with a Mullard ultrasonic probe (20 ke/s) for 20 min 
at 0° and centrifuging at 10,000g for 30 min to remove 
cell debris The supernatant fraction (a) was re-centri- 
fuged at 144,000g for 1 h,r esulting in a particle-free super- 
natant solution (b) Both fractions a and b were used 
as enzyme source 

The reduction of NAD (340 my) and the oxidation of 
reduced cytochrome (550 mu) were followed by making a 
series of rapid scans, each taking about 30 sec, of a 
difference spectrum ove: the range 300-600 mp using a 
Umcam SP 700 recordmg spectrophotometer The 
reaction mixtures in 3 ml of 0 05 M éres—hydrochlorie acid 
buffer (pH 7 8) contamed 2 umoles NAD, 01 ml 4 per 
cent mammalian cytochrome c (horse heart Sigma type 
ITI) reduced with palladized asbestos and hydrogen, m an 
apparatus designed by Walker and Nicholas, and 0 05- 
01 ml enzyme contammg 05 mg protem/ml Adenosine 
triphosphate (40 pmoles) was mcluded in the test cuvette 
only. The reaction was started by adding 1educed cyto- 
chrome ¢ to both cells The experiments were performed 
under anaerobic and aerobic conditions Smee the 
addition of natural substrates to the assay mixtures, for 
example, nitrite for Nvtrobacter, hydroxylamine for 
Nitrosomonas and ferrous iron for Ferrobacillus, would 
result in the reduction of the cytochrome components by 
the respective cytochrome c reductases, measurement of 
any ATP dependent oxidation of ferro-cytochrome c would 
not be feastble Moreover, these substrates also have an 
appreciable absorption in the 340 my region 

Since oxidized cytochrome c has a shoulder near 340 mz 
which could be confused with the NADH peak. ıt was 
essential to obtam unequivocal evidence for NADH 
formation by other methods This was achieved by using 
two independent trapping systems involving the enzymatic 
action of alcohol dehydrogenase and acetalde- 
hyde and that of lactic dehydrogenase and 
pyruvate, both of which specifically oxidize 
NADH 

In this communication we illustrate results 
fo. extracts of Nebrobacter only since they 
are simuar to those obtained with Natro- 
somonas and Ferrobacillus 

The results m Figs 1 and 2 show that 
the reduction of NAD which is concomitant 
with the oxidation of ferro-cytochrome c 
1s dependent on ATP Whithn 1 mm of 
starting the reaction there was a rapid formation of a 
compound absorbing at 340 mu with a simultaneous oxida- 
tion of ferro-cytochrome c (Figs 1A and 24) That the 
compound absorbing at 340 mu was NADH was confirmed 
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C by uéing the alcohol dehydrogenase 
(ADH) and the lactic dehydrogenase 
(LDH) tiaps (Figs 1B and 2B, and 1C 
and 2C) The faster imtial rate of 
production of NADH (maximum within 
15 sec) and its subsequent rapid dis- 
appearance in the presence of the LDH 
trap 1s probably due to the differential 
behaviour of the ADH and the LDH 
traps Whereas without a trap NADH 
formed and cytochrome c oxidized 
reached a steady state after 2 min, 
both were fully oxidized, ın the presence 

5 of the ADH or LDH systems Inor- 
ganic phosphate was hberated from 
ATP during these reactions NADP 
was & poor substitute for NAD in this 
system 

In the absence of either ATP or re- 
duced cytochrome c no reduction of 
NAD could be demonstrated Although 
in whole cells the theoretical ATP re- 

quirembnt for the reduction of NAD approximates to 
4 1, m the cell-free systems, however, 1t 1s between 10 
and 20 1 There was httle enzymatic reduction of 
NAD when less than 5 umoles ATP was used The 
reduction of NAD by ‘erro-cytochrome é may imvolve 
flavin systems smee atebrin (10-4 M) mhibited NADH 
formation and the addition of equimolar amounts of 
flavin mononucleotide (FMN) completely reversed this 
effect Further evidence that flavins are volved in the 
electron flow was deduced from pronounced negative 
spectral changes ın the region 375-385 mp Similar 
results were obtained with aged particles where pre- 
sumably the Imk between flavin and NAD had been lost 
on storage or with fresh preparations using small amounts 
of ATP (< 10 umoles) 

It is concluded that the observed effects cannot be 
due to the differential behaviour of cytochrome oxidase in 
the two cuvettes smece simular results were obtaimed under 
aerobic or anaerobic conditions These effects were also 
observed ın fraction. b containing little of the oxidase, and 
it was established that ATP even at 40 umoles did not 
depress cytochrome oxidase activity 

It has also been possible to demonstrate conclusively 
that the primary oxidation of an inorganic substrate 
catalysed by a chomoautotroph generates both the energy 
and the reducmg power Cell-free extracts from Natro- 
bacter, for example, when provided with nitrite, ADP 
and NAD, exhibited a marked and rapid stimulation m 
fixation of carbon dioxide The carbon dioxide fixation 
rate dropped considerably on omission of any of the com- 
ponents, indicating thereby the dependence of the chemo- 
synthetic carbon dioxide assumulating system on phos- 
phorylation and the reduction of the pyridine nucleo- 
tide 

The followmg general scheme ıs proposed for the overall 
metabolism of chemoautotrophic bacteria, for example, 
Nitrobacter, Nitrosomonas and Ferrobacillus 


ATP generated 


cytochrome oxidase 


cytochrome ¢ ———-_ > 
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ATP required 
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| ATP + CO, 


NAD(H) ae (CH,O) 


The 1educing power required for the endeigonic reduc- 
tion of carbon, dioxide m these organisms 1s generated by 
the reversal of electron transfer by ATP fiom ferro-cyto- 
chromectoNAD The unique ability of these bacteria to 
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utilize ATP to reverse electron flow from electropositive 
to electronegative respiratory carriers 1s a physiologically 
important mechanism which is vital to thew chemo- 
synthetic mode of hfe 

Experiments now in progress may elucidate whether the 
reduction of NAD results from a true reversal of electron 
transfer by the normal respiratory chain or whether other 
carriers are involved 

One of us (M I H A) thanks the British Council for a 
visitors award and the National Research Council of 
Canada for the award of a travel grant which made ıt 
possible for him to undertake a part of this work at Long 
Ashton. We thank M A Wright, Chemical Micro- 
biology Department, Long Ashton Research Station, for 
assistance with the growing and handling of batch cultures 
of the bacteria, and J A Pickard, Long Ashton, for help 
with the recording spectrophotometer. 
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IN VIVO DESTRUCTION OF EXOGENOUSLY APPLIED INDOLYL-3-ACETIC 
ACID AS INFLUENCED BY NATURALLY OCCURRING PHENOLIC ACIDS 


By Dr. M. H. ZENK and G. MULLER 


Botanical Institute, University of Munich 


HERE 1s quite a controversy ın the literature as to 

the growth activity of certam naturally occurrmg 
phenolic acids While Vendrig and Buffel’? have stated 
that caffeic acid may be a very mmportant growth sub- 
stance, there is another possibilty, that the phenols may 
act am vwo as mhibitors or activators of the mdolyl-3- 
acetic acid (IAA) oxidizing system?:4, thus mfluencmg 
growth This mfluence of phenols was clearly established 
by enzymatic tests on vitro The sigmficance of the 
influence of caffeic acid and other phenohe acids en vwo 
18, however, not yet clearly established? 

Since the wm vwo action of the TAA-oxidizmg system 
has been questioned, with regard to its bemg an artefact 
produced by cut-surfaces®, we tried first to demonstrate 
the n vivo existence of this enzyme system Carboxyl 
labelled IAA (IAA*) (synthesized via a modified pro- 
cedure of Thesing and Schulde* by lowermg the concentra- 
tion of “NaCN gramme derivative = 1:15 spec 
act 34 uc /umole) was used as a substrate As a result 
of the action of the IAA-oxidase on the auxin, IAA 18 
decarboxylated? and the resultmg 14CO, 1s flushed, together 
with the respiratory carbon dioxide, out of the reaction, 
vessel by means of carbon dioxide free air and then 
trapped m potassium, hydroxide using a Vigreux-column 
Refixation of the carbon dioxide by the tissue did not 
occur Thus, kmetic measurements of the [TAA-oxidase 
were possible Dark-grown Avena coleoptiles were used as 
plant material In order to obtam undamaged tassue, the 
coleoptiles were cut 2 mm below the node ın the mesocotyl 
part of the seedling The cut surface was closed by 
dipping the remammg mesocotyl part mto lhquid collo- 
dium After drying, the collodium formed a film on the 
tissue which was impermeable to any aqueous solution 

Fig 1 shows that if the tissue ıs placed m an JAA 
solution, decarboxylation occurs readily The merease 
m the rate of decarboxylation 1s lnear after a lag-period of 
3h. Since there was no cut surface, the coleoptiles had 
to absorb the TAA by cuticular absorption Part of the 
JAA entering the tissue was destroyed by a naturally 
oceurring I[AA-oxidizing system The destruction of JAA 
is independent of a wound-effect 

Thus having demonstrated the ən vwo existence of an 
JAA oxidase system, we determined the mfluence of 
certain phenolic acids on this system If the mterpreta- 
tion of the auxin-sparmg action of some of the cmnamic 


acids 1s correct, then we would expect after the addition 
of the synergistic phenole acids* an mhibition of the 
decarboxylation reaction On the other hand, growth 
antagonists should result m an enhancement of the TAA 
oxidation 

In order to obtain more consistent and comparable 
results, the apical 3 mm of the coleoptiles were discarded 
and three successive 33-mm sections were prepared 
without the primary leaf 1g + 2 mg of those segments 
were used for an experument The tissue was shaken 
gently at constant temperature (21° C), and carbon dioxide 
was collected at 2-h mtervals for 12h Eig 2 shows the 


4 


myumole IAA decarboxylated/g/h 
t9 


Tıme (h) 


Fig 1 Kninetics of the decarboxylation of IAA* by intact Avene 

coleoptiles (var Victory), 2 cm long, with their cut ends in the mesocotyl 

part closed by the collodium film Incubation medium 125 ml 

10 M IAA* (125 mad) 10-* M citrate phosphate buffer pH 5 O/g of 

coleoptiles Carbon dioxide was collected at hourly mtervals and the 

radioactivity measured after correction for self-absorption and com- 
puted with the specific activity of the IAA used 







762 
‘ 
6 
tAA+ Phi 
5 
E= 
a å „=-= (AAtp-Bz 
ey Cai 
Q 
od 
S 
A 
3 [AA 
a 3 
& 
i 
oS 
«t 
-t IAA +Caf 
n E — H 
2 x 1AA+Sin 
9 
= 2 
Š 
1 nn me enn AASB 


“ 


2 4 § 8 10 12 
Tyme (h) 


Fig 2 Krmeties of the decarboxylation of IAA* by 3-mm Avena 
coleoptile sections ın vwo as influenced by phenolic acids Incubation 
medium 125 mi 10 M ITAA (125 mM), 10-* M citrate phosphate 
buffer pH 5 Ojg + 2meg colcoptile tissue and as indicated 10 M phenolic 
acids chlorogenic (Clg), sinapie (Sin), caffeic (Caf), p-hydroxybenzoic 
(p-Bz) and phloretic (PhD acid The CO, was collected m 2-h mtervals 


mfluence of certam phenole acids on the decarboxyla- 
tion reaction. While the auxin synergists®, caffeic, sinapic 
and chlorogeme acids actually mhibited the decarboxyla- 
‘tion and therefore inhibited the mactivation of ITAA, a 
slight enhancement of the ın vo destruction of IAA by 
the addition of p-hydroxybenzoie and phioretic acids was 
noticed 

There are also reports of p-coumaric acid being a very 
effective cofactor of the [AA-oxidase en vitro®, although 
m-coumaric and o-coumaric acid showed only negligible 
mfluence <A drastic inhibiting mfluence of p-coumaric 
acid on TAA-mduced growth could also be shown't® 
Fig 3 demonstaates the nfluence of the 1s0meric coumaric 
acids on the decarboxylation of IAA by Avena coleoptile 
sections While m- and o-coumaric acid are only slightly 
active m promotmg the decarboxylation, p-coumaric 
acid has an extremely stimulating effect on this reaction 
There ıs, starting with the fifth hour, a hneai increase in 
the rate of decarboxylation of [AA The total amount of 
TAA decarboxylated per 2-h mtervals meieases logarrth- 
mucally over the measured period of 12 h With IAA 
alone m the meubation fluid no such drastic merease of 
the rate of IAA destruction 1s observed p-Coumaric acid 
is known to stimulate am vitro the oxidation of IAA very 
markedly, we. however, do not feel that the action of 
p-coumarie acid is a matter of adapting the enzyme 
system which 1s .esponsible for IAA destruction an vivo 
Thus, after the addition of Mn++ 10ons m a final concentra- 
tion of 10-* M to the mcubation medium contammg IAA 
and the coleoptile sections, the decarboxylation rate of 
IAA increases immediately 300 per cent over the JAA 
contro] without showmg a lag period This suggests that 
the enzymes for IAA decarboxylation are already present, 
but not functioning at such a high turnover rate The 
increase in the decarboxylation rate induced by p-cou- 
maric acid 1s as yet not clear ` 

The influence of the concentration of p-coumaric acid 
on the decarboxylation durmg an 8-h period 1s shown n 
Fig 4 - There is a maxrmum increase m the auxin destruc- 
tion rate at 19- M Similar to the an vtro experiments, 
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01 uM p-coumaric acid/ml seems to be optimal also for 
auxin destruction in vivo 

Finally, the wnfluence of different phenolic acids on the 
uptake and decarboxylation of IAA durmg a 12-h period 
was investigated n vwo and compared with the effect 
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Fig 3 Kınetica of the decarboxylation of IAA* by 3-mm Avena 


coleoptile sections en vvo as influenced by 10 M coumarie acids In- 
cubation medium asin Fig 2 p-Coumarie (p-Cum), m-coumaric (m-Cum) 
o-coumaric (0-Cum) acid 
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Fig 4. Decarboxylation of IAA * by 3-mm Avena coleoptile sections 

an vwo in the presence of various molar concentrations of p-cormarie 

acid Incubation medium 125 ml 10° M IAA (125 muM), 10 M 

citrate phosphate buffer pH. 5 0/g of coleoptile tissue and the indicated 
amount of p-coumaric acid 
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Table 1 
Enzymatic 

TAA 10° M + various Uptake TAA Decarbox JAA deestiis: 

phenohe acids mumoles control mymoles control tion of 

104 M TAA/ %) TAA/ % IAA m 

g/12h g/12h control 
(%) 
IAA control 46 0 100 149 100 100 
+ Chiorogenic acid 52 0 113 54 36 73 
+ Caffeic acid 46 0 100 79 53 79 
+ Dihydrocaffeic scd 415 90 10 4 69 88 
+ Sinapice acid 46 2 100 112 75 83 
+ p-Coumarie acid 32 6 69 90 6 608 181 
+9-Coumaric acid 39 6 87 164 109 104 
+ m-Coumarie acid 453 98 19 5 181 117 
+ Phloretic acid 368 80 23 2 155 188 
+p-OH Benzoie acd 37 0 80 189 127 113 
+ Ferulbe acid 45 6 99 210 141 126 
+ Isoferulic acid 36 7 80 20 4 187 101 
+ Cimnamic acid 39 9 86 14 1 94 100 
+ Tyrosine 40 2 87 141 54 100 

of the same acids on the IAA oxidase from peas! The 


amount of JAA taken up by the tissue was measured 
after the end of the 12-h mecubation by extractmg the 
coleoptiles with hot ethanol and determunmg the radıo- 
activity ın an aliquot of the aleoholic solution". 

According to Table 1 the tested phenols can be divided 
into three groups The synergistic acids (chlorogenic, 
caffeic, dihydro-caffeic, and smnapic) which mhibrted the 
decarboxylation of IAA, thus clearly having an auxm- 
sparing influence Secondly, the growth-inhibiting phenols 
(p-coumaric, phloretic, feruhe, isoferuhe, m-coumarie, 
p-hydroxybenzoic, o-coumaric acids) Those acids ım- 
crease the IAA decarboxylation, depriving the tissue of 
auxin, and thus retarding growth ‘Thirdly, acids which 
influence neither growth nor decarboxylation (cimnamuc 
acid and tyrosine) Guibberellic acid is m contrast to 
an viro experrments without any mfluence on JAA 
decarboxylation en vwo The auxm-sparing action of the 
synergistic phenols is also reflected ın the higher amount of 
ITAA taken up by the coleoptiles Tissue ın the presence of 
p-coumaric acid, on the other hand, shows the least uptake 
of IAA 

The influence of the various phenolic acids on the 
an vwo decarboxylation is closely resembled by the n 
vitro destruction, of IAA by an enzyme system from peas 
There 1s, however, an mteresting exception We aro able 
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to confim the report? that phloretic acd enhances the 
enzymatic oxidation of IAA drastically n vtro; however, 
there was only a slight effect on the a vwo system com- 
pared with p-coumaric acid In the case of caffeic 
acid, the dihydro form ıs about 20 per cent less effective 
m inhibiting the decarboxylation of TAA than caffeic 
acid itself We have observed that the phenolic acids 
taken up by the coleoptiles are converted ım the corre- 
sponding glucose esters, which occur widely m Nature» 
Those esters are still effectrve as modifiers of the IAA 
oxidase It could be possible that the dihydrocimnamic 
acids are partly metabohzed in a different way, thus 
showing less influence on the oxidation of IAA wm 
vwo, or reaching only a lower effective concentration m 
the tissue than the corresponding cmnamiec acids Gener- 
ally, however, the same structural requrements for the 
cmnamic acids to influence growth!§ and the IAA oxidase 
an vii o® and an vivo hold true We feel, therefore, that 1 1s 
now clearly established by means of n vwo experiments 
that the phenolic synergists and phenolic mhbitors of 
growth act through mhibition or activation of the IAA- 
oxidizing system 
This work was supported by the Deutsche Forschungs- 
gemeinschaft and the Bundesministerxum fur Atomkern- 
energie und Wasserwirtschaft 
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SOME EFFECTS OF ADRENALINE AND ANTI-ADRENALINE COMPOUNDS 
ON PLATELETS IN VITRO AND IN VIVO 


By Dr. J. R. O'BRIEN 


Portsmouth and Isle of Wight Area Pathological Service, Central Laboratory, Portsmouth 


T has often been suggested that ‘stress’ may release 
noradrenaline mto the blood stream and that ‘stress’ 
may precipitate arterial thrombosis Platelet-to-plaielet 
adhesion, that 1s platelet aggregation, plays a part m 
thrombus formation and m hemostasis of small blood 
vessels as, for example, ım the Borchgrevink bleeding 
time! Jn 1941 Derouaux? showed that m some circum- 
stances the catecholammes may shorten the bleeding 
time, and recently Mitchell and Sharp*:* have shown that 
noradrenaline causes platelet aggregation wm vitro, while 
Mustard’ has shown that adrenaline shortens the half-life 
of platelets m the pig These observations may be mter- 
related and suggested a detailed examination of the offect 
of the catecholamines on platelets 
Fresh citrated human platelet-rich plasma 1s placed im 
a magnetically stirred cuvette ın a colorimeter at 37° C 
and the hght transmission 1s continuously recorded An 
merease in transmission occurs when the platelets aggre- 
gate and a decrease occurs if the platelet clumps come 
apart—disaggregation® The addition of adrenaline acid 


tartrate to give a final concentration of M x 10-8 causes 
ummediate partial aggregation followed by a lag phase 
when shght disaggregation may occur ‘This 1s followed 
by rapid and total aggregation Inspection of a family of 
curves obtained when different doses of adrenaline were 
added (Fig 1) shows that the slope of the mitial aggega- 
tion 18 lmearly related to the log of the dose The time 
after the addition of adrenaline to the beginning of the 
lag phase, that 1s to the first mflexion m the curve, 
decreases shghtly with higher concentrations The length 
of the lag phase 1s also dependent on the dose, but the 
final aggregation 1s mdependent of the mitiatmg concen- 
tration and 1s always rapid and complete Exactly 
sumilar curves are obtamed by adding noradrenaline, 
which 1s ten-fold less active Isoprenaline 1s mactive 
Adenosine and adenosme monophosphate (AMP) have 
been shown to mhibit aggregation caused by adenosine 
diphosphate (ADP), thrombm, 5-hydroxytryptamine 
(5-HT) and they delay the effects of tri-ethyl tin*’ 
These two inhibitory compounds at a final strength of 
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Fig 1 Inght transmission 1s recorded on the ordinate, a decrease 
indicating aggregation The abscissa records time, one major division 
represents 2 min Adrenaline in 01 ml saline was added after the 
control (horizontal) period to give the followme final concentrations 
curve 1,5 M x 10-, curve 2,M x 10°, curve 3,5 M x 107, curve 4, 
2M x 107, curve 5, M x 10-7 


5 M x 10-° added before adrenalme 2 M x 10° mhubrt 
aggregation added during the lag phase they will still 
inhibit the second phase of aggregation Adenosme 
triphosphate (ATP) mbhibits ADP-mduced aggregation 
but has no effect or enhances aggregation caused by 
thrombin or 5-HT or by tn-ethyl tm? ATP M x 10-5 
added before a small dose of adrenaline or noradrenalme 
causes an increase im the degree of aggregation in the 
first phase but has httle effect on the subsequent stages 
A much higher concentration of ATP added before the 
adrenaline may modify or block the second phase of 
aggregation. 

If phentolamme (‘Rogitine’), whch is an mbhibitor of 
other pharmacological actions of adrenaline, is added m 
equimolar concentrations before the addition of adrenaline 
16 completely mhibits aggregation and this mhibition is 
apparently -competitive smce a ten-fold mcrease m 
adrenaline requires a ten-fold increase ın phentolamine to 
cause an equal degree of mbibition Another antı- 
adrenaline compound, dibenyline and the anti-serotonims 
‘Ro 3/0837’ and, ‘UML 491 have no effect on adrenaline- 
induced aggregation except at a relatively high concen- 
tration (10 pg/ml ) 

The mterpretation of these findings is difficult particu- 
larly because we do not know the nature of the alteration 
in the platelet surface when ıt becomes more ‘sticky’ 
and because more than one kind of alteration may result 
m & simular degree of stickmess Adrenalime and nor- 
adrenaline initiate two waves of aggregation which can be 
separated and have other differences, yet both waves are 
inhibited by the same compounds Al these findings are 
compatible with the hypothesis that adrenaline causes 
platelet ADP probably derived from ATP to be hberated 
and that this release ıs concerned with the ‘stickmess’, 
Indeed, Spact® has recently shown spectroscopically that 
nucleotides are in fact hberated It 1s remarkable that 
noradrenaline, 5-HT and the adenosine phosphates are 
all normally present ın the platelets and the addition to 
the plasma of each of these substances causes aggregation, 
although these reactions when oxammed ın detail show 
umportant differences On, the other hand, thrombin and 
tri-ethyl tin which also cause aggregation are not present 

an the platelet Many problems of kmetics biochemistry 
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Table 1 COMPOUNDS INDUCING PLATELET AGGREGATION AND THEIR 
INHIBITORS 

Aggregating compound Concentration Specific inhibitor 
Adenosine diphosphate M x 10-4 Adenosme* — 
5-Hydroxytryptamuine 5 M x 10-8 ‘UML 491’ (‘Deseryl’) 
Acrenaline M x 1077 Phentolamine 
Noradrenaline 5M x 107 (‘Rogitine’) 
Thrombin 0 06 U/ml Heparin 


* Adenosine inhibits aggregation produced by all these aggregating com- 
poun 


and physical chemistry are raised but not answered by 
these observations 

Any of the physiological substances shown en vitro to 
produce aggregation might be involved n vwo This 
problem could be mvestigated since each aggregating 
compound has m vitro a specific competitive mhubitory 
compound(s), which has virtually no effect on aggregation 
mduced by other compounds (Table 1) Accordingly, 
these specific mhibitors and some other compounds 
dissolved in 01 ml of saline were injected intradermally 
into the human forearm and the Borchgrevink bleeding 
time was estimated from cuts made through the mjected 
areas From Table 2 ıt will be seen that only phentol- 
amine caused prolongation of the bleeding time 
Erythema and local cedema were produced by phentol- 
amine and to an even greater extent by histamme and 
hyaluronidase, but neither of the last two myjections pro- 
longed the bleeding time Accordingly, the prolongation 
of the bleeding time by phentolamime suggests that ıt may 
specifically inhibit adrenaline or noradrenaline, and, therc- 
fore, that these catecholamimes may normally be respons- 
ible for platelet adhesion oi aggregation m these circum- 
stances The other compounds studied did not prolong 
the bleeding time, nor does heparin unless ıb is present at a 
very high concentration? Thus these experments also 
suggest that ADP (other than that liberated from adren- 
alme) and thrombin and 5-HT do not play a major part ın 
capillary hemostasis 


t 


Table 2 HFFEOT OF INHIBITORS, ETO , ON THE BLEEDING TIME 


Material Amount No of Mean bleeding 
injected injected observations time (min) 
Salme 8 85 
Adenosine 0 25 mg 45 
‘UME 491’ O1 mg 4 3 95 
Phentolamine 05 mg 8 >125 
Phentolamime 005 mg 4 55 
Dibenyline 03 mg 2 42 
Histamine 005 mg 12 375 
Hy.wluronidase 301 V 2 27 
Table 3 Some EFFECTS oF CATECHOLAMINES AND THEIR INHIBITORS 
Platelet 
Smooth muscle aggregation Bleeding time 
stimulated an vitro prolongation 
Adrenaline Yes Yes — 
Noradrenaline Weaker Weaker — 
Tsoprenaline No No — 
Adrenaline effect 
inhibited by 
Phentolamine Yes Yes Yes 
Dibenyhne No No* No 


* Except at a high concentration 


The results presented have no direct bearmg on throm- 
bosis circumstantially and mdurectly they suggest that 
the local release of adrenalme or noradrenalme may 
activate the hemostatic mechanism, perhaps by lberating 
ADP The remarkable parallelism of the effects of the 
catecholamines and their mhibitors m three very different 
situations, namely, the nictitating membrane of the cat n 
vwo, platelet aggregation an vitro and the bleeding time 
(Table 3) might suggest that some basic common process 
13 invoived 
1 Borchgrevink, C F , Acta Med Scand , 188, 157 (1960) 

* Derouatx, G , Arch Int Pharmacodyn , 65, 125 (1941) 

3MitchelL J R A,and Sharp, A A, Bru H Haematol (in the press) 
‘Honour, A J, and Mitchell, J R A , Nature, 197, 1019 (1963) 

5 Mustard, J F , Canad Med Assoc J , 88, 265 (1963) 

*O’Brien, J R, J Chn Path’, 16, 223 (1963) 

? O'Bren, J R , Thromb et Diath Haem , §, 330 (1963) 

8 S$paet, T. H (personal communication) 

? Borchgrevink, © F , Acta Med Scand , 170, 1 4961) 
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LETTERS TO THE EDITOR 


RADIOASTRONOMY 


Faraday Rotation Effect in Extragalactic 
Radio Sources 


Cooper and Price* have shown that the polarization of 
radio emission measured at three different pomts in the 
radio source Centaurus A rotated progressively with 
increasing wave-length They found the rate of rotation 
to be proportional to the square of the wave-length This 
fact suggested to Cooper and Price a direct explanation in 
terms of Faraday rotation in a magneto-ionic medium. 
Recently, Gardner and Whiteoak? measured the polariza- 
tion of 18 radio sources at different wave-lengths in order 
to mvestigate whether Faraday rotation was present All 
the sources showed the quadratic dependence of polariza- 
tion position-angle on wave-length characteristic of 
Faraday effect In the discussion of their results, Gardner 
and Whiteoak suggested the possibility that some of the 
Faraday rotation occurs in our Galaxy (Fig 1 in ref 2) 

The Faraday rotation 0 of the plane of polarization of 
radio radiation from an extragalactic source at a wave- 
length 4 can be expressed as a sum of four different terms 


const 2 i |NaH.dr ra [Net ðr + | NesH ode a [Near (1) 


ionosphere galaxy radio 


source 


mtergalactic 
space 


each of which contributes to the integral effect observed 
The symbols Nex and Her stand for electron density and 
longitudinal magnetic field When 0 ıs measured in 
radians, Ain metres, Nen particles/c c , H m gauss and r 
ın parsecs, the constant has the value 0 124x 10-5 
According to results obtained by Evans’, the first integral 
is nearly two orders of magnitude smaller than the 
observed value of the left-hand term in equation (1), 
therefore the 1onospheric contribution to the Faraday 
1otation effect in radio source radiation ıs negligible Also, 
the third term ın equation (1) appears to be neghgible, 
because although the path of radiation through mter- 
galactic space ıs very long there ıs no evidence of suffi- 
ciently high magnetic fields and electron densities This 
point of view seems to be supported by the lack of corre- 
lation between the Faraday rotation measure and the 
distance of the radio sources, although such a correlation 
might not occur 1f the intergalactic magnetic fields were 
not sufficiently regular Hence the majority of the rota- 
tion probably occurs either within our own Galaxy or 
within the radio source itself 

Gardner and Whiteoak? discussed the possibility of a 
galactic origin for the main part of the Faraday rotation 
Although they showed that sources with the smallest 
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Fig 1 Total luminosity versus Faraday rotation measure for estra- 
galactic radio sources 


rotations are at high galactic latitudes, the considerable 
scatter in both magnitude and sign of the rotation at 
intermediate latitudes makes the galactic origin of the 
main. part of Faraday rotation less probable 

Let us examine in more detail the hypothesis that 
Faraday rotation 1s produced mainly withm the source 
itself Under the condition of minimum total energy of a 
radio source radiating by means of an acceleration-radia- 
tion mechanism, the prevailing magnetic field 1s 


Hab- IJ; Ip—6 17 (2) 


where L 1s the total radio luminosity, 1s a “filling factor’ 
determining the portion of the source’s volume oceupied by 
filaments and knots of the magnetic field and relativistic 
particles trapped in it, and r is the radius of the emitting 
region‘ 

The Faraday rotation measure depends on 1 and H 
through the relation 


0a NeHr (3) 


For the purpose of correlation testing, 1t 1s reasonable to 
assume that the magnetic field ın expression (2) and the 
longitudinal magnetic field in expression (3) are com- 
parable Therefore, on the basis of the orde1-of-magnitude 


relation 
L x HEN; (2-70)8 (4) 


we can expect a correlation between radio lummosity E 
and rotation measure AO, if the rotation 1s produced 
mainly m a radio source itself 

The correlation between total radio lummosity L and 
10tation measure A~*@ for extragalactic radio sources 18 
shown ın double logarithmic scale ın Fig 1 The polariza- 
tion data were given by Gardner and Whiteoak?® and the 
values of total lumimosities by Maltby, Matthews and 
Moffett The pointsin Fig 1 represent those extiagalactic 
radio sources from Gardner and Whuteoak’s list for 
which the distance ıs known The full hne represents the 
expected relation between total lumimosity and rotation 
measure given by (4), provided the factor H?N- does 
not change considerably The line has a slope equal to 
0 33 

The open circle in Fig 1 corresponds to the values of L 
and 2-78 for the central source of Centaurus A As 18 
well known, the central source of Centaurus A 1s immersed 
in & large radiation halo of complex structure It 1s very 
probable that polarized radiation from the central source, 
passing through the extended halo region, will be subject 
to additional Faraday rotation, the amount of which may 
be very large because of the size of the extended source 
and the magnitude of possible magnetic fields (6 x 10-6 
gauss (ref 4)) This could explain the deviation of the 
open circle m Fig 1 

In so far as ıt 18 possible to draw conclusions on the 
basis of only eight points, the correlation expressed in 
Fig 1 strongly suggests that the Faraday effect occurs 
mainly within, radio sources, not ın the Galaxy or in mter- 
galactic space Furthermore, the rather small scatter of 
pomts m Fig 1 imdicates that the factor HEN- does 
not vary greatly from one radio source to another 

This work was supported by the US National Science 
Foundation 

A G PACHOLCZYK * 
Harvard College Observatory, 
Cambridge, Mass 


* On leave of absence from the Warsaw University Observatory and the 
Astronomical Institute of the Polish Academy of Sciences 
1 Cooper, B F C, and Price, R M , Nature, 195, 1084 (1962) 
2? Gardner, F F, and Whiteoak, J B , Nature, 197, 1162 (1.963) 
3 Evans, J V, Proc Phys See, B, 69, 953 (1956) rot 
4 Mao P , Matthews, T A and Moffet A T , Astrophys J 137, 153 
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Occultation of the Crab Nebula by the Solar 
Corona in June 1963 


In a recent communication, Basu and Castelli? described 
observations at wave-lengths of 10 cm and 25 cm of the 
occultation of the radio source in Tauius, the Crab 
Nebula, by the solar corona in June 1962 ‘The results 
were interpreted as indicating a progressive increase in 
the angular diameter of the source with decreasing angular 
distance from the Sun, due to scattering by irregularities 
of electron density ın a non-uniform corona 

Several observers have demonstrated that such an 
effect occurs at metre wave-lengths , for example, Hewish?)* 
and Vitkevitch‘ have shown that, over the range of wave- 
lengths 1 9-79 m, and for radial distances less than 12 
solar radu, the results are in accord with a ample scattering 
theory in which the angular extent of the scattered distri- 
bution (defined as the brightness distribution produced 
when @ pomt source is viewed through the corona) 18 
‘proportional to the square of the wave-length Assuming 
this dependence on wave-length to hold down to centi- 
metre wave-lengths, and extrapolating from the metre 
observations of Hewish, values ~2” at 10 cm and 
~10" at 25 cm are derived for the expected angular 
diameter (between e~t points) of the Gaussian scattered 
distribution at distances ~5 solar radu from the Sun 
From thew observations Basu and Castelli inferred 
angular diameters of 20’ at 10 cm and 25’ at 25 em, 
which therefore cannot be accounted for by the simple 
theory 

In view of this discrepancy, observations of the Crab 
Nebula were undertaken in June 1963 using the twin 
90-ft dishes of the Cahfornia Institute of Technology’s 
Owens Valley Radio Observatory. The two antennæ 
were used as an east-west mterferometer of spacing 680A 
operating at a frequency of 1,660 Mc/s (18 cm wave-length) 
Any increase in angular diameter of the source, observed 
with the imterferometer, results in a decrease in the 
recorded source response which may be imterpreted 
directly m terms of the angular extent of the scattered 
distribution. With the arrangement described here, the 
quiet Sun was largely resolved and gave a contribution to 
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Fig 1 Position of the Crab Nebula Telative to the Sun at 12 noon PST 
o’ Solar radius 


5 
a 
I 





10 

fe] 

n 

2 08 

2 

o 

= 06 

ot 

3 

T 

fob] 

B 04 

[ow 

E 

© 

Oo 
02 


11 12 18 14 15 16 17 18 19 
June 1963 
Fig. 2. Corrected response of the Crab Nebula The error limits indicate 


uncertainties in removing the solar contmbution Results for hour 
angles + 1h have been combimed m this figure 
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the total response which was only a fraction of the response 
due to the source itself In the absence of an appreciable 
solar contribution it was possible to detect scattermg 
angles as small as 07’ The source was observed daily 
at several different hour angles during the period June 11- 
19, conjunction occurring on June 14-15 (Fig 1) In 
order to allow for the solar contribution, additional 
observations of the response were made each day with the 
antenne directed towards the positions which the source 
took relative to the Sun on each of the occulting days 
The contribution was at all tumes less than 15 per cent 
except on June 15 when the solar response was 25 per cent 
of that due to the source As the angular separation of 
source and Sun decreased, the gam was decreased by 
measured amounts (always less than 0 4 db) to preserve 
the same detector levels in the presence of solar noise 
The response of the source 3C 123 was observed each day 
and used to correct for small changes m receiver sensi- 
tivity 

When the foregoing factors were taken into account in 
the analysis, no positive evidence for a vanation in the 
source response, corresponding to an increase in angular 
diameter, was found (Fig 2) The corrected source 
response remaimed constant to within 12 per cent, enabling 
an upper limit of 1 2’ to be set to the angular diameter 
of the scattered distribution ın the east-west direction 
The observations recorded here, therefore, give no evidence 
for the existence of enhanced scattermg at centimetre 
wave-lengths which cannot be accounted for by the sımple 
theory applicable at metre wave-lengths 

This work was supported by the US Office of Naval 
Research under contract Nonr 220(19) 

J D WYNDHAM 
B G CLARK 


VoL 200 


Owens Valley Radio Observatory, 
California Institute of Technology, 
Pasadena 
1 Basu, S , and Castelli, J , Nature, 197, 885 (1963) 
* Hewish, A, Prec Roy Soc , A, 228, 238 (1955) 
? Hewish, A , Mon Not Roy Astro Soe , 118, 534 (1958) 
t Vitkevitch, V V , Astro J U SS R,37, 32, 961 (1960) 


PHYSICS 


Charge Transfer and Excimer Formation 


THE general properties of excited dimers, or excmers, 
have been wellestablished!-* In concentrated solutions of 
some polycyclic aromatic hydrocarbons, a singlet excited 
molecule can interact with an unexcited neighbour to 
produce the excited dime1, or excimer This excrmer can 
then break up into de-excited monomer molecules with 
the emission of a characteristic dimer fluorescence The 
forces binding the dimer have been ascribed by Forster’ 
to resonance dipole interaction. The criterion has been 
given for excimer formation that the molecule should 
possess a weak 1L, level lying beneath a strong La level 
Most of the excimer-formmg molecules obey this criterion, 
a notable exception beng anthanthrene 

It has been alternatively suggested! that the binding of 
the dimer may arise from charge transfer interaction m 
which one molecule donates charge to 1ts partner or shares 
charge with its partner In this picture the dimers behave 
hike charge-transfer complexes and the excimer emission 
band is @ charge-transfer band It has been well estab- 
hished?-* that the frequency vep of the charge transfer 
band ıs given to a first approximation by the relation: 

hyep=I— Ea — A (1) 
when I ıs the 1onization potential of the electron donor, 
Ea 1s the electron affinity of the electron acceptor and A 
represents the various other mteraction terms, meluding 
resonance dipole interaction, which are assumed small 
If the excimer emission is to be explaimed m terms of 
chaige transfer one would expect a simular relationship 
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between the frequency vp of the excimer: enussion, taken 
here as the frequency of stiongest emission, and other 
molecular parameters, thus 

lyvp=(I—-S,)~Ha- A 
The ionization potential of the excited molecule is T — S, 
S, 18 taken as 1D, 

In Table 1 are presented the ionization potentials, first 
singlet: excited states (£,) and electron affimties of 20 
polycyclhe aromatic hydrocarbons Also piesented in 
Table 1 are the energies of the excimer emission bands of 
those hydrocarbons formmg dimers The ionization 
potentials and election affinities in Table 1 are those of 
the molecules in the vapour state In solution they will be 
gieatly reduced and increased iespectively due to the 
polarization forces of the solvent To a first approxima- 
tion, the solvent can be assumed to have a simular effect on 
the energy-levels of all the molecules 


Table 1 ENERGIES OF PoLYcilic ad HYDROCARBON (ENERGIES 
IN E 
I* Det I~S, Ea* hrp 

Benzene 9 21 471 450 -043 368 { 

Naphthalene 810 388 422 068 310 $ 
Anthracene 787 3 32 4 05 144 — ref 3 
Tetracene 700 263 4 37 178 — ref 3 
Phenanthrene 8 09 868 461 069 — ref 3 
1 2 Benzanthracene 7 45 3 22 423 133 243 ref 2 
Chrysene 780 3844 438 098 — ref 3 
Pyrene 7 55 3 34 421 123 257 ref 2 
Triphenylene 8 09 354 455 069 — ref 3 
1 2 5 6 Dibenvanthracene 780 314 4866 098 — ref 3 
3 4 Benzpyrene 719 308 £411 169 241 ~~ ref 2 
1 7 8 Dibenzpvrene 7 68 314 454 110 — ref 3 
1 2 Benzpyrene 756 322 434 122 265 ref 2 
2 3 4 Dibenzanthracene 7 61 3 30 431 117 255 ıef3 
Picene 7 80 330 456 69s — ref 3 
Perylene 708 286 418 175 200 ref 2 
1 2 4 5 Dibenzpyrene 727 308 429 151 254 = ref 3 
Coronene 744 288 4 56 134 — ref 3 
Anthanthrene 7 00 2 86 414 178 208 ref 2 
7 35 304 431 143 2486 ref 3 


1 12 Ben7zperylene 
*Slifkn, M A , Nature (an the press) 
i a ente Elecironıc Spectral Data, 1 ond 2 (Interscience, New York, 


ł Ivanova, T V, Mokeeva, G A, and Sveshnihov, B Ya, Optics and 
Spectroscopy, 12, 325 (1962) 

§ Aladekoma, J , and Birks, J B (to be published) 

In Table 1 ıt ıs seen that those molecules which form 
dimers ın solution at room temperature have I —S, less 
than 436 oV All molecules having [—S, greater than 
4 36 eV do not form dimers at room temperature Anthra- 
ceno. which forms a very stable dimer, has the very low 
T — S, value of 4 05 eV 

In Fig 1 1s shown a plot of hyp against I—S,— Ea 
This 1s seen to give a good straight hne with the exception 
of 3 4 benzpyrene, whose [—S,—H, value is 0 3 eV too 
low A has been neglected and ıt 1s suggested that A does 
not vary greatly m this class of compounds This correla- 
tion strongly suggests that the excimer emission band can 
be mterpreted as a charge transfer band 

The meaning of the I --S, correlation is none too clear 
The correlation would tend to suggest that possible 
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3 4 
I-Si- E A (eV) 
Fig 1 Plot of AvD versus I — S — By 
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charge transfer occurs as a two-stage process, the first 
stage mvolving ionization with perhaps the solvent 
acting as an intermediate 

I thank Dr J B Birks and D: F H Read for useful 
discussions I also thank Dr J B Birks and Mr J 
Aladekomo for the naphthalene result 

The work was cairied out during the tenure of a Depart- 
ment of Scientific and Industiial Research fellowship 
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Measurement of fon Diffusion Coefficient in 
Liquid n-Hexane 


By a method elaborated by me the diffusion coefficients 
of both negative and positive 1ons have been measured in 
hgud n-hexane at 25° C (ref 1) This method is based 
on that of diffusion from a body of limited dimensions 
with boundary conditions One-sign ions were imtro- 
duced to the measurmg chamber designed as a parallel 
plate condenser and then time decrease of 10n number 
caused by diffusion was exammed Experimental con- 
ditions were chosen so that the influence of Coulomb 
1epulsion of one-sign 10ns could be neglected 

The diffusion x coefficient was evaluated from the 
formula 


p= (tn Qı— ln Qa) (e (1) 
T?(ta — ty) 
wheie Q., Q= electric charge measured for two measur- 
ing times 4 and f,, L= electrode distance 
Figs 1 and 2 show the dependence In Q=f t for both 
positive and negative ions m n-hexane The coefficients of 
diffusion calculated from this dependence were D-= 
(2 75 + 0 22) x 10-5 em®/sec , D, = (1 43 +0 11) x 10-5 cm?/ 
sec Hitherto there was no expermmental method of direct 
measurement of diffusion coefficient of 10ns of one sign in 
dielectric hqmds The diffusion coefficient was calculated 
from Nernst—Exmstem formula 


Ut e 
D 2) 


where «uw=10n mobility, D=10n diffusion coefficient; 
k=Boltzmann constant; 7'= absolute temperature 


to 
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Fig 1 Time decrease of the pone ions No Electrode distance 
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Fig 2. Time decrease of the negative 1ons No Electrode distance 
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At 25° C the ratio e/kZ’=39 V~ and for results obtained 
byme wyjD_=345 V-}, u,/D,=42 5 V- 

This ratio was calculated by the use of ion mobility 
values obtamed by O Gzowski? I have also carried out 
the measurements of 10n mobility using the method 
described 10 ref 3, and obtamed the same values as in 
work mref 2 Thus, within experimental! error, the law of 
Nernst—Eimstein ıs well confirmed for both positive and 
negative ions in n-hexane That conclusion ıs :mportant, 
because it shows the difference between the thermal 
motion of molecules having uncompensated electric charge 
and the motion of neutral molecules 

The measurements of self-diffusion coefficient carried 
out with different methods give‘ for it D= 4 2 x 10- om?/ 
sec In the work of Davis, Rice et al 5t the problem of 
such difference 1s discussed The ratio of self-diffusion to 
diffusion, coefficient of positive ions evaluated by these 
authors was 3--5 for different liquids Art,, Kr*,, Xet, 

I thank Prof I Adamezewsk: for advice 


E. GAZDA 
Department of Physics, 
Technological Institute, 
Gdańsk, 
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ı Gazda, E , Acta Phys. Pol (in the press) 
? Gzowski, O , Nature, 194, 173 (1962) 
* Gzowski, O , and Terlecki, J, Acta Phys Pol , 18 (195% 
*Tyrrel, H J V, Diffusion and Heat Flow in Inquids (London) 
$ Davis, H T., Rice, S A , and Meyer, L, J Chem Phys , 37, 947 (1962) 


‘Meyer, L., Davis, H T, Rice, S, A, and Donnally, R J, Phys Rev 
126, 1927 (1962) 


Faraday Effect Ellipsometer 


T P Murray! described the measurement by ellipso- 
metry of the thickness of 01] films present on commercial 
tinplate In his arrangement the elliptic- 
ally polarized lght reflected from the 
specimen surface was brought into a plane 
by means of a quarter-wave plate and the 
extinction position of the analyser found 
After de-oiling the specimen a new extine- 
tion position was found by adjustment 
of the analyser only, the difference bemg 
proportional to oll film thickness Angular 
shifts of a few tenths of a degree are com- 
mon whereas the hght mtensity varies 
only slowly for several degrees about the 
minimum Murray overcame this difficulty 
by reading the analyser for equal photo- 
electric responses either side of the mini- 
mum, but ıt occurred to me that a more 
elegant technique, leadmg to an easier to 
construct and possibly more accurate 
instrument, would be to use Faraday 
colls as deseribed by E J Gulham? for an 
automatic polarrmeter 
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Accordingly, a Faraday effect ellipsometer has been 
built primarily for measurements of thickness of o1l on 
commercial tinplate but apphcable to any metal substrate 
of reasonable brightness and flatness and bearing a romov- 
able transparent film of the order of a few molecules thick 
A diagram of the instrument is shown in Fig 1 The 
function of the Faraday cells is essentially the same as 
described by Gullham, one serving to oscillate the plane of 
polarization and thus modulate the hght mtensity while 
the other introduces a compensating shift equivalent to a 
small analyser rotation Strictly speaking, both Faraday 
cells should be placed between the quarter-wave plate and 
the analyser, but 1m order to achieve a compact instrument 
the compensator has been transposed to the meident 
beam This reduces the compensator sensitivity referred 
to the analyser somewhat and would be unacceptable if 
compensation of more than about a degree 18 required 

In use the mstrument is first adjusted by setting the 
plane of polamzation of the cident hght to be at 45° to 
the plane of the meident and reflected rays With a 
typical specimen in position the analyser and the quarter- 
wave plate are adjusted in turn for the best mmimum 
photo-cell current For all further measurements with 
this type of specimen, the quarter-wave plate 1s left fixed. 
Measurements of film thickness are now made by first 
adjusting the analyser for an accurate null using the 
Faraday modulator and the usual electronic circuits for 
phase-sensitive de-modulation of the resulting photo- 
multipher signal After removing the film the specimen 1s 
replaced in exactly the same position and the null 1s 
re-established. by direct current in the Faraday compen- 
sator This current 1s proportional to thickness for a 
given film and substrate for films thm enough for the 
alas Drude equations to apply, say to at least 
100 


Table 1 FARADAY COMPENSATOR READINGS IN MILII-DEGREES 
Oiled by dipping m dioctyl sebacate 
Commercial De-oled by solutions Shift due 
oiled Soxhlet 01 concentration m volume (%) to oll film 
tinplate extraction 0 02 004 0 06 0 08 

~ 15 200 215 

195 45 150 

210 70 140 

205 ~ 75 280 

220 ~ 55 275 

225 ~ 250 475 

205 — 285 490 

225 — 395 620 

215 — 405 620 


In this instrument modulation ıs carried out at 50 e/s 
and the modulator produces an angular swing of about 
+ 2° Compensation is possible over a range of about 
0 75° referred to the analyser, and the nowwe-level using a 
tinplate specimen and about 0 1 c/s equivalent band-width 
in the de-modulator filter ıs equivalent to about 3 mull- 
degrees, and this is the limrtang factor m setting the 
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instrument This ıs about an order of magnitude worse 
than that reported by Gillham for his polarimeter and 18 
mainly due to the poor quality, optically speakmg, of 
commercial tinplate surfaces None the less, rt is very 
adequate for measurmg films, such as o1l on tinplate, which 
typically produce a shift of 0 3° and 1s nearly an order of 
magnitude better than the repeatability of setting claamed 
by Murray 

To ulustrate that the instrument ıs responsive to the 
thin films of 01] on tinplate (of the order of 30 A) a piece 
of commercial tinplate was de-oiled and oiled a number of 
times, compensator readmgs on the ellipsometer bemg 
taken at each stage 

De-oiling was by Soxhlet extraction in benzene and 
oiling was by dipping in and controlled slow 1emoval from 
dilute solutions of 011 (dioctyl sebacate) m benzene The 
amount of 011 so deposited can be varied ın an approximate 
manner by changmg the o1] concentration The results 
are shown in Table 1 ın terms of mill-degrees of com- 
pensation Ten mulli-degrees is equivalent to about one 
angstrom unit of o1l film thickness The changes in the 
de-oiled state represent a slight lack of reproducibility 
of the surface rather than instrumental error 

I thank Prof A B Winterbottom for his advice and 
the Metal Box Co, Ltd, for permission to publish this 
communication 

M J RICHARD 

Research Department, Metal Box Co , Ltd , 

Kendal Avenue, Acton, London, W 3 


1 Murray, T P , Rev Se Inst , 38, 2, 172 (1962) 
*Giliham, E J, Nature, 178, 1412 (1956) 


METEOROLOGY 


Measurement of Conducted Flow of Heat 
in a Sea Ice Cover 


In any muicro-meteorological study or heat economy 
survey, the measurement of the conducted flux of heat at, 
or below, the Earth’s surface 1s important The two 
methods normally used to achieve this either involve 
measuring the temperature gradient if the thermal 
conductivity can be accurately established, or msertion 
of a heat flux meter, the basis of whith 1s the measurement 
of temperature gradient across a thin slab of material of 
known conductivity The accuracy of heat flux meters 18 
limited unless the effective conductivity of the device 
used matches that of the medium in which the flow of 
conducted heat ıs beng measured For example, in using 
@ flux meter with square horizontal surfaces with a width 
to thickness ratio of 12 1, a 20 per cent mismatch in 
conductivities results in an approximately 5 per cent 
error m indication 

For surface media which are subject to changes m 
thermal conductivity 01 are transparent to radiation, one 
or other of the foregomg methods of heat flow measure- 
ment become mapplicable The first difficulty 1g met when 
rainfall alters the effective conductivity of souls or porous 
rocks so that measuring techniques are restricted to use of a 
flux meter Snow and 1ce covers, on the other hand, present 
problems due to the penetrating visible radiation heating 
the sensor surfaces unequally In the case of fresh-water 
ice, the properties of which remain essentially constant, the 
problem 1s solved by measuung the temperature gradient 
with small thermocouples having reflectmg sui faces 

Sea ice presents an example of the most complex type 
of situation where both problems of variability m thermal 
conductivity and transparency to radiation have to be 
considered I was able to overcome both these difficulties 
durmg a heat budget study on annual sea ice in Hudson 
Bay This was achieved by excavating a pit of about 15m 
across and 25 cm deep and allowing cold fresh-water to 
freeze, formmg a reference block Frozen mto this block 
were a vertical sequence of four small thermocouples 
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with reflectmg surfaces electrically msulated by thin 
tubular polythene envelopes and spaced 5 cm apart by a 
transparent ‘Perspex’ frame The relatively thick slab of 
prepared ice was used to gam sufficient temperature 
difference to avoid the necessity for thermopiles, the m- 
creased area of which would have resulted ın more serious 
local absorption of radiation The four thermocouples 
enabled a uniform temperature gradient to be detected 
in the reference ice, under which conditions the most 
widely separated thermojunctions could be used to 
determme the heat flux most accurately 

Some optical and conductive matchmg between the 
reference block and the surrounding sea ice was accom- 
plished during the preparation of the former By insulat- 
ing the prepared excavation from above, the reference 
ice was made to grow from below and form a relatively 
dense and transparent medium On the other hand, 
permittimg the ice to form from above, progressively m 
layers, resulted in a bubbly mass of small crystal structure 
An alternative method which proved satisfactory m con- 
trolling the density of the block was to freeze varying 
mixtures of snow and water Ice of a given density 
appeared to be more opaque when prepared by the latter 
method Although there was some degree of independent 
control over thermal conductivity and transparency, 
relatively accurate matchmg was attempted only for the 
former, and was checked by a determination. of the con- 
ductivity of the surrounding sea ice ‘Transparency 
matching was judged by appearance only, but 1f necessary 
could be checked by means of a simple light meter. 
Usually, a light snow cover results m radiation penetra- 
tion bemg of reduced mmportance 

Measurement of the thermal conductivity of the 1efer- 
ence ice 18 necessary It will be shown elsewhere! that a 
simple measurement of density 1s sufficient to fix the 
conductivity of non-saline ice and that the additional 
determination of salinity enables the thermal conductivity 
of sea ice to be specified as a function of temperature 
The device proved to be satisfactorily sensitive and accur- 
ate and its properties, m marked contrast to those of the 
sea ice, remaimed essentially constant over a period of 
three months, m particular no significant diffusion of sea 
1ce brine into the reference ice occurred The sensitivity 
of the ‘ice heat flux meter’ was demonstrated by the fact 
that the mdicated values of surface heat flux were reflected 
in, corresponding iates of sea, ice growth after a calculable 
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GEOLOGY 
Age of the Great Dyke of Southern Rhodesia 


THE isotopic composition of strontium has been determ- 
ined for two whole-rock specrmens of gabbro from the 
Wedza Complex of the Great Dyke of Southern Rhodesia 
In addition, concentrations of rubidium and strontium 
were measured for these rocks by the method of isotope 
dilution These results led to an estimate of the time 
since differentiation of this mtrusive 

The rock specimens were obtamed through the courtesy 
of Dr B G Wost, who has made a detailed study of the 
structure and petrogenesis of the Great Dyke! He con- 
cluded that the ‘Dyke’ 1s in reality a downfaulted 
remnant of an original sheet-lke mafic intrusive com- 
posed of four complexes and may be related to the igneous 
cycle of the Bushveld Igneous Complex 

The 3ssotope ratio determinations for strontium were 
made in duplicate on a mass spectrometer featuring a 6-n 
radius of curvature, 60° sector analyser tube The details 
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of the analytical procedure have been discussed by Fame 
and Hurley? and will not be repeated here The measured 
87Sr/86Sr ratios were normalized to a standard value for 
6Sr/8®Sr—0 1194 by a procedure outlined by Faure and 
Hurley? In addition, a correction of — 0 003 was apphed 
to the ®’Sr/®*Sr ratios ın order to elummate a consistent 
bias from the results as indicated by replicate analyses of a 
secondary strontium isotope standard (SrCO,, Ermer and 
Amend, lot 49232, Table 1). 

The rubidium determinations were made in duplicate 
by isotope dilution while the strontium determinations 
were confirmed by X-ray fluorescence analysis The 
analytical results are summarized in Table 1 


Table 1 ANALYTICAL DATA FOR THE GREAT DYKE, SOUTHERN RHODESIA 


MIT rocktype “St = Sr lg: Rb Sr Rb 
sample ssSr "Sr ši] (ppm) (ppm) “Sf 
corr 
$937 Quartz 
gabbro/ 07212 01199 067227 34 6 153 9* 
Wedza 
complex 07232 01189 07217 310 
Average 07222+ 011904+ 072224 328+ 1539+ 0617+ 
00010 00005 00005 55% 5% 0 046 
4936 Norte/ 07059 01198 07056 638 2450* 
Wedza 
complex 07048 01192 07042 5 16 
Average 07054+ Q1198+ 07049+ 577+ 2450+ 0068+ 
0 0005 0 0001 © 0007 107% 5% 0 008 


The measured *Sr/®Sr ratios were corrected for isotope fractionation 
assuming that **Sr/**Sr = 01194 (see ref 2 

Blank corrections of 0 234 ug Sr and 010 ug Rb were made to all isotope 
dilntion analyses 

* Confirmed by X-ray fluorescence analysis usmg a norite of known 
Sr content (by isotope dilution) as comparison standard Sample 4937, 
Sr = 155 p pm, sample 4936, Sr = 241 ppm 

SrCQ;, Eimer and Amend, lot 492327, average of nine analyses on one 
raru mens 87Sr/"Sr = 0 7084 + 0 0007(c), corrected relative to *Sr/*Sr = 


The time elapsed since differentiation of the two rock 
specimens was calculated by solving two simultaneous 
equations of the form 





879p 879r BTR 
[ase] = [aa] + age CD 

p 6 

where 
87 
ES = atomic iatio of 8781 to 8 Sr at the present time 
Sr 
87Sr 
[age | = same att = 0 


A = 147 x 10 yi -} 
The solution of the two equations yields £ = 2,110 + 350 


87 
my and p> | = 0 7028 + 00013 The errors assigned 
0 


are uncertainties and include maximum and minimum 
values compatible with the analytical results The large 
uncertainty of + 17 per cent assigned to the age 1s partly 
due to the fact that the radiogenic ®’"Sr enrichment of 
sample No 4937 1s only about 2 5 per cent relatrve to the 
muitial abundance of this isotope This work 1s the first 
attempt, to the best of our knowledge, to dete:mme the 
time since differentiation of the Great Dyke of Southern 
Rhodesia by radioactive dating techniques 

Nicolaysen et al * reported a rubidium-~strontium age of 
1,940 + 50 million years (recalculated to A = 147 x 10-1 
yr ~!) for the mafic rocks of the Bushveld Complex of the 
Republic of South Africa This deterramation was made 
on a biotite concentrate from a biotite bearing pyroxenite 
of the Rustenburg Platinum Mme Nicolaysen et al 4 
concluded from thew data that “ new age measure- 
ments on micas, monazites and zircons from the Bushveld 
Complex are consistent with an age of 1,950 + 150 
milion years >° Schreier’ was the first to report age 
determinations by the whole-rock rubidium~—strontram 
method His age for the red granite which intrudes the 
mafic rocks of the Bushveld Complex 1s 1,800 my 
(recalculated to A = 147 x 10-1! yr -1) 
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The age of the Great Dyke of Southern Rhodesia 1s 
2,110 + 350 millon years and ıs therefore identical 
within the limits of the errors to the age of the Bushveld 
Igneous Complex This conclusion supports the earlier 
suggestion by Worst? that the Great Dyke and the Bush- 
veld Complex were emplaced durmg the same magmatic 
cycle 

"Wo thank Dr B G Worst for sending us the whole- 
rock specimens of the Great Dyke This work was sup- 
ported by the US Atomic Energy Commission contract 
AT(30-1)-1381 
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Geology of the East Rutts (South Devon) 


AN expedition by the Oxford Underwater Research 
Group was made during July 1963 to examine the sub- 
meiged pinnacle of rock known as the East Rutts (50° 
13 5’ N, 3° 59’ W) 

The rock ıs situated five mules south-west of the Bolt 
Tail promontory and 56 mules south of St Anchorites 
Rock in Bigbury Bay 

It 1s approxmmately elliptical in plan, being about 530 yd 
in length in a north-east-south-west direction and 220 yd 
in a north-west—south-east direction Echo-sounding 
traverses indicated that the uppermost part of the pmnacle 
lay about 30 ft below the surface whereas the sea-floor 
in the vicinity of the rock lay at 120 ft 

Extensive gullies were seen to cut through the rock 
formation in @ north-east—south-west direction, and an 
almost sheer face was observed at the south-west end of 
the pinnacle 

Samples of the rock ın stu were obtamed by aqualung 
divers of the Gioup and were subjected to poetrological 
examination, X-ray and chemical analysis 

In thin-section the rock shows & mainly anhedral 
mosaic of dolomite grains with some caleite enclosing 
lenses and stiingeis of strained quartz grains Clustermng 
of the dolomite grains at the edge of the quartz and the 
presence of dolomite rhombs ın the quai tz patches suggest 
diagenetic replacement Specimens from a depth of 50 ft 
are fine) -gramed (average gram size diameter 0 1 mm) than 
those from 100 ft (average grain size diameter 0 5 mm), 
rare small flakes of mica are present in the former and more 
extensively in the latter, together with a httle anhedral 
iron ore 

An X-1ay powder photograph showed the presence of 
quartz, dolomite, calcite, mica and ore, 

A. chemieal analysis of the rock from a depth of 100 ft 
isgiven It compares closely with the analysis of the Knox 
dolomite from Morrisville, Alabama, US A, quoted by 
Pettijohn (1956, Table 81, Analysis D) except ın its some- 
what higher sihca content : 


Analy sis 
% 

$10, 8 47 
R0, 0 58 
MgO 18 07 
CaO 28 32 
Co, 42 39 
Na,O 107 
K,0 0 97 
H.O (110° ©} 031 

Total 100 19 
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Neutron activation analysis of the 1ock mdicated 197 
+ 0 68 per cent for :1ts magnesia content 

The presence of a large mass of dolomite in tho East 
Rutts area ıs suprising, considering the present strati- 
graphic and structual ideas on that part of the English 
Channel Hull and King! indicate the presence of meta- 
morphic rocks in the locality, with New Red Sandstone 
deposits to the north and west, the latter giving place to 
the metamorphic rocks compnsmg the Eddystone reef 
Apart from presenting the evidence of the existence of the 
dolomite we have as yet no explanation to offer for its 
position other than the very tentative suggestion that ıb 
may be a very localized facies of the Devonian o1 of New 
Red Sandstone lymg withm the Eddystone—Start Pomt 
metamorphic thrust zone It1is hoped that further mvesti- 
gations now planned will provide more evidence 

We thank Mr A Stone, of the Neutron Generator 
Laboratory, Wantage Research Laboratories, for check- 
ing the magnesia content of the rock by neutron activation 
analysis We also thank Dr K Sandford, of the Depart- 
ment of Geology and Mineralogy, University of Oxford, for 
helpful discussions, and Mı A Hancock and Mr D Gull 
for the collection of in situ samples of rock under arduous 
diving conditions 

D §S Rawson 
Oxford Underwater Research Group, 
114 High Street, 
Oxford 
J D BELL 
Depaitment of Geology and Mmeralogy, 
Oxford 
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Local Distribution of Elements in the Tests 
of Foraminifera 


ELECTRON probe X-ray mucroanalysis permits the 
determination on a micro-scale of local distribution and 
concentration of elements in a sample In a prehmuinary 
enquiry, the tests of calcareous Foraminifera have been 
investigated 

The analysis was preceded by optical emission spectro- 
graphic analysis of the tests of approximately 12 specimens 
of each species investigated These analyses determined 
the elemental composition of the tests plus meluded 
sedimentary particles which cannot (with certainty) be 
cleaned out of the mnermost chambers The results of the 
spectrographic analyses were used to eliminate the neces- 
sity of preliamimary searching on the electron probe, thus 
saving much tune 

Foraminifera for probe analysis were cleaned in dilute 
hydrogen peroxide After drymg, they were embedded 
(under partial vacuum) in polystyrene The method of 
embedding 1s desciibed in detail by me (submitted for 
pubheation) A median section was cut and polished, and 
a thin metal layer was deposited on ıt by vacuum evapora- 
tion, to ensure electrical continuity 

Generally, interpretation of results was complicated by 
topographical and mucrostructural effects The calcrum 
and silicon concentiation variation m Recent Elphidrum 
excavatum (Terquem) and Æ bartletts (Cushman), calerum 
concentration variation m Recent Quingueleculina semi- 
nulum (L), calerum, iron, silecon, manganese, and 
magnesium concentration variation in the Tertiary Oper- 
culina victoriensis (Chapman and Parr), and calcium and 
magnesium concentration variation m Recent Operculina 
complanata (Defrance) have been recorded 

Improved magnesium detection is desirable, because 
this element has been shown to be of classificatory and 
ecological significance in the Foramunifere, 

KENNETH HOOPER 
Department of Geology, 
Carleton University, Ottawa 
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Effect of Impurities on the Electrical Resistivity 
Increase during Elongation of Cadmium at 71° K 


OBSERVATIONS of electrical resistivity mereases m 
metals during plastic deformation! have been attributed to 
changes ın the concentration of point, hne and planar 
defects Further expermments have demonstrated that 
prior deformation and recovery? as well as impurity con- 
centration? * affect the slope of the resistrvity—elongation 
curves Itis the purpose of this communication to present 
some results obtamed on cadmium contamimg impurities 
The influence of lead, magnesium and copper, ım particular, 
is discussed 

Polycrystalline cadmium wire, which for most exper- 
ments was 1 mm in diameter, was obtamed im various 
degrees of purity as indicated in Table 1 Specimens, 
about 14 em long, were elongated in hquid nitrogen and 
the resistance change was measured potentiometrically as 
a function of elongation A more detailed description of 
the experiment ıs available in ref 5 


Table 1 EMISSION SPECTROGRAPH ANALYSIS OF CADMIUM IMPURITIES (P P M ) 


69-Cd + 69-Cd + 69-Cd + Com- 
Sample 1,000 ,000 10 mereial 49-Cd  59-Cd 
impurity} ppm Pb ppm Mg ppmcCu Cd 
Pb 1,000 <1 <1 106 3 < 
Mg <1 1,000 <I <1 10 <j 
Sı <1 <I <1 <Í 10 <1 
Fe <1 <1 <1 <1 10 <1 
Cu 10 10 10 10 <1 
Ag <1 <l el 3 10 
Al 10 
Total 
Impurities 1,000 1,000 
(nominal) ppm Pb ppm Mg 10ppm 110 56 
loppm 10ppm Cu ppm ppm lppm 
Cu Cu. 
Slope <34 34 34 18 12 34 
(appro. ) 


The results of the deformation experiments at liquid 
nitrogen areshownin Fig 1 The closed and open squares 
represented by curves A and B are data on tho same 
59-cadmium specimen measured while the load was on and 
after the load was removed, respectively Part of the 
difference between A and B can be attributed to the 
elastic recovery, which 1s estimated to be less than 0 1 per 
cent However, the greater part of the difference 1s 
undoubtedly due to the presence of the stress and its 
subsequent effect on the scattermg of conduction electrons 
It can be seen that both A and B show a linear dependence 
on stram The results for cadmium doped with copper, 
lead and magnesium also fall on curve B although the 
cadmium contaming lead shows some deviation Curve C 





26 m 59 Cd (A-LOAD ON) 
f a 59 Cd (B) 
24 F o 69 Cd +lOppm Cu (B) 
99 A 69 Cd +1000ppm Mg (8) 
@ 69 Cd + lO0Oppm Pb (8) 
20 | a COMMERCIAL CD (C) 
ig L © 49 CD (D) 
= 
S 16 
B lė 
& p” 
elt € 
= AP, = 
* 10 Lp, IBe 
8 
6 D 
NAA. - 
4 ho 12€ 
2 
0 
0 1 2 3 4 5 6 7 8 
e (per cent) 
Fig 1 Percentage resistivity merease for cadmium specimens of 


various purities as a function of elongation strain at 78° K 
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shows some results obtamed earlier ın this laboratory for 
cadmium of commercial purity These latter specimens 
were 5 mm in diameter and their resistance was measured 
using a Kelvin double bridge Only one pomt of this data 
ig shown on Fig 1 Other results obtained from this 
experiment indicate a linear behaviour to approximately 
13 per cent elongation The point on curve D represents 
the average data of eighteen 49-cadmium specimens The 
deviation from the average value noted on the plot is 
insignificant 

It ıs interesting to note that the addition of slight 
amounts of copper has very little influence on the p versus 
g curves over what 1s observed for high-purity cadmium 
Additional rmpurities such as magnesium, at least at a 
concentration of 1,000 ppm, shows no effect Lead 
however, does affect the slope of these curves As the lead 
concentration increases, the slope decreases from that 
observed for high-purity cadmium and then mecreases 
toward the high-purity slope as the lead concentration 
approaches 1,000 ppm 

The effect of othe: 1mpurities such as silicon, iron, silver 
and aluminium 1s not very clear Nevertheless, the 49- 
cadmium, contains all these elements and does have the 
Jowest p versus £ slope Whether ıt 1s primarily the lead 
or these other elements which 1s influencing this behaviour 
must await further mvestigation 

It 1s recognized that impurities in copper and other 
metals influence defect formation such as stacking faults 
It can be speculated that the behaviour noted in cadmium 
is associated with twin formation, stacking faults, disloca- 
tion multiplication, mnfluence of impurities on preferred 
orientation, ete Obviously, a more complete investiga- 
tion 1s necessary to elucidate this phenomenon 

F R STEVENSON * 
Rias, H Po PEWFER 
7212 Bellona Avenue, 

Baltimore 12, Maryland. 
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Elevated Temperature Embrittlement 
induced in a 20 per cent Chromium : 25 
per cent Nickel : Niobium Stabilized 
Austenitic Steel by Irradiation with Thermal 
Neutrons 


Ir has been known for some time that neutron irradia- 
tion at ambient temperatures produces mecreases in the 
proof and ultimate tensile stresses and reductions in 
ductihty of austenitic steels in room temperature tensile 
tests! These changes m properties result from the inter- 
action of dislocations with the vacant lattice sites and 
interstitial atoms produced by fast neutron-atom colli- 
sions and are recovered on testing at temperatures of 
about 500° C due to annihilation of the pomt defects? 

More recently ıt has been established that irradiation ın 
a nuclear reactor also reduces the ductility of austenitic 
steels and austenitic type alloys at test temperatures 
above about 600° C. This high-temperature brittleness 1s 
manifested as decreases in the elongation and reduction of 
area) values in post-irradiation uniaxial tensile tests?, 
reduced strengths and elongations m post-irradiation 
stress rupture tests? and reductions im che circumferential 
elongations to fracture in ‘in-pile’ tube bursting tests® 

The mechanism responsible for this type of embrittle- 
ment is bemg investigated m a double-vacuum-melted 
20 per cent chromium 25 per cent nickel niobium 
stabilized steel, the analysis of which is given in Table 1 

Tensile specimens with a parallel gauge-length of 0 835 
in were die-stamped from a strip lın wide and 0 0215 m 


NATURE 


November 23, 1963 


VOL, 200 
Table 1 ANALYSIS OF STEEL 
Element C Cr Ni Mo Nb Tı Cu 
Wt % 0 025 207 24 85 0018 07 0 008 0 003 
Element Sn Mn AB P S B Pb 
t % 00025 0 67 9 001 o 008 6 01 00005 60015 

Element Ta N 

wt % 0 03 0 008 


thick and heat-treated for 0 5 h at 1,050° C m pure argon 
followed by rapid cooling The specimens were electro- 
polished and individual batches were irradiated as 
follows (1) at 40° C in the core of the Herald hght-water 
moderated and cooled reactor; (2) at 135° in the 4VGR 
hole, (3) at 50° C in the 2V hole in the Dido heavy- 
water moderated and cooled reactor Cobalt and nickel 
monitors were included with each batch of specimens to 
measure the thermal and fission neutron doses respec- 
tively The specimens were afterwards tested at room 
temperature, 750° or 850° C at a stram rate of 2 x 10-* 
sec! in a hard beam autographically recording dynamo- 
meter tensile machine operated remotely within a 4-ft 
thick concrete cell, the elevated temperature tests were 
made in purified argon and the temperatures were 
stabilized for 0 5 h before commencing the tests At least 
two specimens were tested in each condition and the mean 
results of the 750° and 850° C tests are given in Table 2 


Table 2 ELEVATED TEMPERATURE TENSILE TEST RESULTS ON UNIRRA- 
DIATED AND IRRADIATED 20 PER CENT CHROMIUM 25 PER CENT NICKEL 
NIOBIUM. STABILIZED AUSTENITIC STEEL 


Neutron dose Test 02% Ultimate % 
Irradiation (m em~) temper- Proof tensile Elonga- 
facility ature stress stress tion 
Thermal Fission (°C) (bjm?) (hb f/m *) 

— — — 750 18,200 27,600 555 
Herald 760x10 38x10" 750 18,500 26,400 48 3 
Dido 4VGR 22x10" 19x10! 750 16,400 27,2007 291 
Dido 2V 15x10 74x10" 750 14,600 27,800 179 

— — — 850 13,200 14,200 56 4 
Herald 76x10% 38x10 850 13,100 14,400 411 
Dido 4VGR 22x10" 19x 105 850 4,60 15,800 38 6 
Dido 2V 15x10 74x10! 850 13,166 15,300 20 8 


With the possible exception of the 02 per cent proof 
stresses of the samples tested at 750° C, the stress values 
are not significantly affected by the irradiation; however, 
the elongations to fracture are markedly reduced at both 
test temperatures This elevated temperature embrittle- 
ment 1s a function of the thermal neutron dose and cannot 
be correlated with the fission (or fast) neutron dose This 
is in contrast to the room temperature point defect harden- 
ing and embrittlement which 1s dependent on the fast 
neutron dose as shown m Table 3 


Table 3 ROOM TEMPERATURE TENSILE TES? RESULTS ON UNIRRADIATED 
AND IRRADIATED 20 PER CENT CHROMIUM 25 PER CENT NICKEL NIOBIUM 
STABILIZED AUSTENITIO STEEL 


62% Ultimate 
Irradiat.on Irradiation dose Proof tensile % 
facility (n em-?) stress stress Elonga- 

Thermal Fission (qb jm °?) üb fin ?) tion 
— — ~_ 30,700 76,800 48 2 
Dido 4VGR 22x10" 19x10 37,600 84,600 42 2 
Dido 2V 19x 10* 17 x 10% 48,100 4,700 30 2 
Herald 76x10 3 8x10! 54,500 89,000 316 


Additional experiments are in progress to confirm 
these observations and to mvestigate the mechanism 
whereby the thermal neutrons are effective mn causing the 
elevated temperature embrittlement of austenitic steels 

We thank Mr J Fennell for assistance with the testing 
of the specimens 
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Equilibrium Diagram for the 
Nickel- Cadmium System 


To study the effect of size factor m alloymg behaviour 
1t was decided to determine the ternary system Cu—Ni-Cd, 
on which no data have been published The bmary systems 
Cu-—Ni and Cu-Cd have been fully investigated, the results 
of the various investigations bemg summarized by 
Hansen! Of the Ni-Cd system only cadmium-rich alloys 
have been studied in detail a further mvestigation of this 
system was therefore carried out in conjunction with the 
work on the ternary diagram 

Alloys were prepared from analytical reagent qualty 
nickel powder and stick cadmium, the powder was given 
a reducmg treatment m hydrogen to remove any oxide 
present Weighed amounts of the pure metals were 
sealed ın evacuated silica, capsules for meltmg, which was 
carried out by heatmg for about 1h at 1,200°-1,250° C, 
conditions which had been shown to be adequate for the 
nickel to be taken to solution The capsules were then 
rapidly cooled to give a fine-gramed mgot and annealed 
for a minimum period of three weeks to homogenize the 
alloy At the end of the annealing period the alloys were 
water-quenched and then weighed to check whether any 
loss had occurred m melting The nominal compositions 
of ingots which were satisfactory m this respect were taken 
as the actual compositions 

The hquidus surface for the Ni-Cd systems was exam- 
ined by equilibratmg nickel ım the form of wire with 
cadmium at constant temperature At the end of the 
soaking period the capsule contamimg the sample was 
quenched, and broken open ‘The residuum of the wire was 
separated from the melt and the latter analysed for 1ts 
nickel content The results obtamed from this study are 
indicated m Fig 1 Coolimg curves on alloys close to 50 
atom per cent nickel failed to show any arrest between the 
hquidus and 502° C, micro-examination of these cooling 
curve ingots showed the formation of peritectic walls of 
8 Ni-Cd surrounding dendrites of the -phase The peri- 
tectic temperature was therefore determined from heating 
curves on homogemzed alloys and gave a value of 695° C 
for the decomposition temperature of the B phase The 
formation of the y’ phase was studied by combined dilato- 
metry and thermal analysis The volume change at 405° 
reported by Voss? was not observed, an alloy of y’ together 
with a small amount of y showed an arrest pomt accom- 
panied by partial collapse of the specimen at 490° C and. 
a second arrest and complete collapse at 502°C D is 
sigmficant that Voss, who reported a peritectic tempera- 
ture of 502°, obtamed this value on higher nickel content 
alloys (~10wt per cent nickel) than Swartz and Philips? 
(6-8 wt per cent mekel), and ıb 1s probable the former 
detected the peritectic mvolving y’ and the latter that of y, 
which would be more prominent m the lower nickel alloys 
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they studied The nickel-rich solubihty mut is confirmed 
by an alloy of 21 2 atom per cent nickel, which showed the 
presence of a trace amount of y’ at 430° C compared to a 
reported solubility of 195 atom per cent at this tem- 
perature Other than the 6-phase (Ni-Cd) no other 
compounds were observed im the system 
The B-phase structure has been studied by X-ray diffrac- 
tion using the powder method The compound possesses 
the structure Fd3m with. a cell edge of 11 40 kX units and 
contains approximately 48 formula units m the unit cell 
R J Lorr 
J K CRITCHLEY 
Department of Chemustry, 
Brunel College, 
Londen, W 3 
1 Hansen, M , Constitution of Binaiy Alloys (McGraw-Hill, 1958) 
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CHEMISTRY 


Spin-orbit Coupling and Intermolecular 
Energy Transfer 


RECENTLY)? we reported on the ıntermolecular energy 
transfer ın chemmluminescent solutions, an excited product 
of the reaction being a donor and anthracene derivatives 
being acceptors (activators) The activated chemi- 
luminescence spectra were identical with the fluorescence 
spectra of the activators, indicating that the singlet state 
of the activator ıs the excited one? A dopendence of the 
chemiluminescence intensity on the activator concentra- 
tion was used for estimating the ratio kp4/fp (kpa, transfer 
constant, fp, emission probability of the excited product, 
P’ (Fig 1)) The.elative values of the kpa’s were found 
to be greater the more halogens were mtroduced m the 
activator molecule and the greater was the atomic weight 
of the substituent ın this communication these features 
of the phenomenon are 1egarded as evidence for the spm- 
orbit coupling in the activator molecule 
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Fig 1 Energy-levels diagram for the chemiluminescence m ethyl- 

benzene oxidation and for the energy transfer on the anthracene deriva- 

tives The solid, waved and dashed lines represent, respectively, 

radiative, radiationless transitions and energy transfer Deactivation 
by a quencher, Q, 18 discussed m ref 3 


The excited product P’ formed in the hydiocarbon. 
oxidation was identified as a ketone ın its triplet state? 
Therefore, the energy transfer may be represented as a 
coupled transition |I” p-T p — T 414 |, as shown in 
Fig 1 There were reasons for considering 1b as an ex- 
change-resonance transferts features strongly differed? 
from. those required by the theories of the mductive-reson- 
ance or radiative transfer, and the maximum value of kp, 
(for 9,10-di-bromoanthracene) was only 20-30 times less 
than the number of colhsions So we believe that the 
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Fig 2 Substituents influence on probabilities P-S mtra- and water- 
molecular transitions &,—from ref 6, kpa— from ref 2-~-assuming 
Jp for cyclohexanone equal to 10° sect Cyclohexanone 18 formed in 
cyclohexane oxidation at 50°C The straight lines correspond to 
direct proportionality between the abseissas and ordimates Values of 
¢;fromref 5 1, Anthracene (A), 2, 9,10-diphenyl-A, 3, I-chloro-A, 
4,1,6-dichloro-A, 5, 9,10-dichloro-A, 6, 2,9,10-tr.chloro-A, 7, 1,5,9,10- 
tetrachloro-4, 8, 9-bromo-A, 9, 9-bromoe,10-pheny]-A, 10, 9,10- 
dibromo-A 


energy transfer is brought about by the exchange of elec- 
trons between the donor and acceptor in the state of a 
diffusion-controlled collision Then 1ts probability should 
be proportional to the matrix element squared of the 
operator of the exchange interaction‘ 


tpa ~| <H> |*= fp pP * pa *(2) Biya (1) pp(2)d|? (1) 
H, = efri 
<H,> 18 not equal to zero except when the excited donor 
and acceptor have the same multiplicity and their normal 
states have the same multiplicity also* This selection 
rule ıs obviously not valid ın our case since the excitation, 
is transferred from the triplet state to the singlet one, 
that is 
Yp = *y'p and p'a = ha 

For that 1eason <H, > and kp, aie close to zeo and the 
transfer 1s ‘forbidden’ 

Introduction of halogens strengthens an interaction of 
the spin and orbital momenta That leads to the ‘mixing’ 
of states of different multiplicity 


p'a = tpa + Npa (2) 
Combination of equations (1) and (2) leads to the follow- 
ing expression 
kpa ~ X| <H, > |as (3) 
where | < H, > [3,318 the part of the | < H, > | corresponding 
to the ‘pure’ triplet—trplet transition 
| <H> [as = Ppp *(1) ha *(2)H p 4 (1) bp(2)de 


Now the coupled transition becomes permissible and 
hence the greater becomes factor à The latter may be 
calculated in principle by the methods of the perturbation 
theory of quantum mechanies 


< Ha> 
AE (4) 
where <H,.> ıs the matrix element of the spin-orbit 


operator and AZ#, energy difference for levels ‘I’, and 
31’, <A precise calculation of à ıs difficult and I con- 
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sidered a simphfied model of the activator molecule 
assuming that ıt consists of ‘isolated’ atoms, each of them 
independently influencing the excited electron In this 
approximation, a contribution of each atom into kpa may 
be represented byt?, where: 1s a radial part of the matrix 
element <H> for an isolated atom—a quantity well 
known from atomic spectra’ Hence kp, should be pro- 
portional to 2% In fact this correlation takes place 


VoL 200 


7 

for a number of anthracene derivatives, as 1s shown in 
Fig 2 

It ıs remarkable that, according to Hoffman and Porter, 
halogen-induced spm-orbit coupling increases the 
probability of the intramolecular radiationless transition 
3I’4->'T'4 in the anthracene derivatives’ The proba- 
bility of this triplet-singlet conversion may be written m 
the form 


ky ~ | <H>]? = [fg Har]? (5) 
where H 1s a certain operator which depends on transition 
mechanism (for example, for dipole-dipole radiative tran- 
sition H is the dipole momentum operator) <H> 15 
equal to zero m the absence of the spm-orbit coupling 
On the analogy with the aforementioned energy transfer 
quantities, |< H > | and k, should be proportional to the 
same quantities E U7 for halogen derivatives of anthra- 


2? 

cone This correlation 1s also satisfactorily carried out as 
can be seen fiom Fig 2 (At the same time, a dependence 
of k, on the position of a substituent 1s seen from Fig 2 
which mdicates the limutations of the simple model used ) 
That verifies my hypothesis of the identical mechanism of 
halogen influence on both intra- and inter-molecular 
processes 

Considering the possibilities of chemiluminescence 
as a method of studyimg excited states I should lke to 
emphasize some positive characteristics of this way of 
excitation If I had used‘ photo-excitation ıt would be 
very difficult to study the energy transfer from a poorly 
luminescent donor (ketone) on to a well luminescent 
activator because of the unavoidable direct excitation of 
the activator which 1s stiongly absorbing in the spectral 
region common with the donor In the case of chemical 
luminescence, excited states are bemg formed by ‘dark’ 
way and the strongly lummescent components can be 
excited only through energy transfer, the latter bemg a 
subject of the present investigation 

R E Vassi’ev 
Institute of Chemical Physics, 
Academy of Sciences of the USSR, 
Moscow 
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Vaporization of Uranium Monophosphide 


In the search for new oxygen-free refractory materials, 
we have found that the subphosphide of thorium, ThP, +, 
has a high thermodynamic stability! which 1s comparable 
with that of uranzum monosulphide? We have meluded 
the uranium monophosphide, UP, and its mixtures with 
uranium dioxide im our imvestigations® Since recent 
reports’ indicate the potential usefulness of uramum 
monophosphide for high-temperature reactor application, 
we present here our preliminary results concerning the 
ioe aca of vaporization of uran1um monophos- 
phide 

The uranıum monophosphide was prepared by reaction 
of the elements usmg the Faraday method and thermally 
degrading tho resulting triuranium tetraphosphide, U;P,, 
to uranium monophosphide at 1,400°C Analysis showed 
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that it contamed 0 38 per cent oxygen An X-ray diffrac- 
tion pattern showed the presence of uranium monophos- 
phide and traces of uranium dioxide The mass spectro- 
metric investigation was done with an instrument at the 
National Bureau of Standards similar to that described by 
Chupka and Inghram* A tantalum Knudsen effusion 
cell with a tungsten liner was used Temperatures were 
measured with a calibrated optical pyromete1 under black- 
body conditions 
The vaporization of uranilum monophosphide was 
investigated over the temperature range from 1,750°— 
2,250° K During its vaporization the major primary iron 
species observed and measured were Ut, Pt, P,+, and 
UOt In @ uranum monophosphide-uranium dioxide 
mixture, the UO,+ 10n was also a major species In no 
case was gaseous uranium monophosphide observed 
X-ray analysis of the residue left ın the effusion cell from 
the uranium monophosphide samples showed only lines of 
wantum monophosphide Limes of uramum dioxide 
could no longer be detected On the basis of these obser- 
vations, we suppose that uranium monophosphide 
vaporizes congruently over the temperature-range meas- 
wed according to the following reaction 
UP = Ug + = Puy (a = 1 or 2) (1) 
Oxygen impurities in the uranrum monophosphide sample 
aie beheved to react according to 
UP ws “+ UOa, = 2U0 4) + -P (a = lor 2) (2) 
The observations that no uranium dioxide could be detec- 
ted in the residue and that the UO* 10n intensity decreased 
m ielation to the U+ iwon intensity as the vaporization pro- 
giessed indicate that reaction (2) 1s preferred to reaction 
(1) If the uramum dioxide content becomes large, 
reaction (2) becomes the predominant reaction The 
appearance of the UO; ion resulting from the vaporization 
of uranium dioxide according to 


UOxs) = UOaly) (3) 
is also observed 

The 10n :ntensities are corielated to vapour pressilies 
though silver calhbration®:? The difference in electron 


multipher efficiencies of Agt and the 1on1¢c species observed. 


Log p (itm) 





44 48 52 56 
1049/7 °K 
Fig 1 Temperature dependence of partial pressures of U, P and P, 
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above uranium monophosphide was determmed experi- 
mentally Coriections for fragmentation and double 
1omization were considered The mtensity of U+ ion was 
corrected for the effect of oxygen content according to 
equation (2) For the ionization cross-section of the 
phosphorus monomer the value of 138 as given by 
Otvos and Stevenson? was used Fo. the phosphorus 
dimer the value 218 was estimated <A value of 375 
was derived for the cross-section of uranzum on the basis 
of congruency of vaporization according to equation (1) 
using the cross-section of the phosphorus monomer as a 
standard 

In Fig 1 the logarithm of the vapour pressure of each 
species over uramum monophosphide ıs presented as a 
function of the reciprocal of absolute temperature The 
derived average values for partial molal heats of vaporize- 
tion in kilocalories per mole, at 2,000° K, are as follows- 
AH (U) = 13169 + 225, AH (P) = 11994 + 2 68; 
AH (P) = 105 46 + 1 66, where the uncertainties repre- 
sent standard deviations From these values a heat of 
vaporization, AH” vap , in kilocalories per mole of uran:um 
monophosphide, 18 obtamed as 18442 + 308 for the 
reaction (1) when x = 2 and 251 63 + 488 when x = 1 
The temperature dependence of the partial pressures over 
the temperature range of investigation is lmear within the 
limits of experimental e1rors and can be expressed by the 
following equations 


log pratmy [P] = a + 64107 + 00716 
lee Pat [Ep as + 42550 + 01036 
log Piatm) [U] = ee + 77950 + 0.0687 


Also included in Fig 118 the calculated vapour pressure 
ofuranium® Due to the different temperature dependences 
of the uranium pressures of solid uranium monophosphide 
and liquid elemental uranrum, the uranium dissociation 
pressure of uramum monophosphide will become equal to 
that of elementary uranium at 2,600° K This :mphes 
that above 2,600° K the vaporization of uranium mono- 
phosphide becomes incongruent and can be expressed by 
equation (1) and equations (4) and (5) 


(4) 


Um = Ug (5) 


The congruency of the vaporization below 2,600° K 
may need to be modified to account for a deviation fiom 
stoichiometry that mereases at high temperatures‘ 
Indications of this in ow work are supported by the 
decrease in lattice parameter from 5 589 + 0 001 to 5 584 
+ 0001 A of wrantum monophosphide durmg vaporization 
and by the observation that there 1s a slight decrease in 
total vapour pressure and a decrease in the partial pressure 
ratio of phosphorus monomer and uranium as the vapor- 
ization proceeds Possible secondary reactions with the 
contamer maternals have not been considered in the 
evaluation From the extrapolation of the total pressure 
to one atmosphere, a boiling pomt of uranium monophos- 
phide of 3,890° K can be predicted For uranium mono- 
nitride the decomposition temperature is approximately 
3,110° K (ref 10) As compared with uranium monosul- 
phide?, the total vapoui pressure of uranium monophosphide 
in our temperature range 1s lower by a factor between three 
and ten Uranium monophosphide thus appears to be a 
refractory materal of high stability This stability 
ageanst vaporization and the apparent congruency of the 
vaporization process add to 1ts potential usefulness as a 
nuclear fuel material at high temperatures The simi- 
larity mm vaporization behaviour and density, and the 
expected sumilanty m thermal expansion may make it a 
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promising additive to uramum dioxide base nuclear fuel 
elements 
We thank Mr D. W Wilson for the synthesis and X-ray 
analysis This work was supported by the US Atomic 
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Effect of the Compressibility of the Carrier 
Gas on the Experimentally Determined 
Number of Plates of a Chromatographic 

Column 


Tar height-equivalent to a theoretical plate of a chroma- 
tographie column, either packed or tubular, can be repre- 
sented by the general equation 


S Dy v v 
h r Olay. (1) 
where v designates the carrier gas velocity, Dg and D, 
the diffusion coefficients of the particular component 
considered ın the carrier gas and im the fixed phase, 
respectively, and where A, B, C; and C; are appropnate 
constants (A= 0 m tubular columns) 

Experimentally, when the drop m pressure ın a column 
is small compared with the gas pressure, the number 
of plates in a column, operated at constant gas flow and 
temperature, that is, the length of the column divided 
by h, can be determined from the relation 


K = n* = 8in (5) = 5a (E) (2) 


where ż and At designate the elution time after injection 
and the width of the eluted band at mid-height, respec- 
tively 

When the drop m pressure is not neghgbly small, the 
fourth term in the right-hand side of equation (1), which 
vares with v, that 1s, mversely with the pressure, will 
cause 2 to vary with the pressure If, however, this last 
term ıs negligibly small, h 1s mdependent of the pressure, 
since both v and D, vary mversely with the pressure 
In this case, the number of plates ın the column as defined 
here remains a well-defined quantity, but relation (2) 
must be modified to take care of the various effects due to 
the gas compressibility The calculations are as follows 
The velocity v at any pomt in the column 1s determmed 
by the relation 


dp 1 
v E 7 = v x = (3) 
where oP = pressure gradient, r = pneumatic resistance 


per unit length, v, = gas velocity near column exit, 
Po = pressure at exit (usually atmospheric pressure) 
Since r 1s proportional to the carrier gas viscosity, which 1s 
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substantially mdependent of pressure, r may be regarded 
as constant throughout a uniform column 

Integration of equation (3) gives p as a function of 
inlet and exit pressures, and distance from the inlet of a 
column. of length / 
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pe = py” + 7 (Po? ~ p°) 
The average pressure and average squared pressure n 
the column. can be obtamed immediately from the relation 
just written by appropriate mtegrations 


= 2 Pi Po p _ Pi + p? 
2 


The time of travel of a sample for which the column 
has a capacity ratio k 18 


l l 





t= +h | S=0+h |p= 
0 ee 
21+ p-p] (4) 
3 UpPo Pi" — Po” 


As a sample packet ıs carried along the column from 
higher to lower pressures, 1ts second moment (variance) 
18 mereased by the combmed effects of diffusions and 
isothermal expansion This latter effect can be equated 
out of the mathematical treatment by considering the 
specific second moment of mass, w, an mcrement of which 
1s given by 

dw = p? du = prhdx 
since a sudden isothermal expansion of a gas packet 
leaves w invaniant Integration over the entire column 
length gives 


w= h| pide = h PEEP, 


At the column exit, w 1s related to the observed band- 
width at mid-height by 


A? = 


f 


A = 
0 





554 (1 + k)? — 


Pov 
2 2 
554 (1 + ky? Py Ee lh (5) 
o Yo 


Equations (2), (4) and (5) give for n? as a function of the 


actual number of plates, n = r 


* — 8 (p? d Pè)? n zi 

5 pr pip F p) te 
As defined by equation (2), n* ıs directly related to the 
square of the resolution, and the coefficient of n m the 
right-hand side of (7) corresponds to the shght loss of 
resolution which 1s mcurred when operating a column 
for which C: 1s neghgble with a large drop i pressure 
This coefficient is unity when p, — Po 18 neghgibly 


small 1f compared to po, and approaches 3 monotonously as 
p, mcreases indefinitely 
MARCEL J E Goray 


Tecohmsche Hogeschool, 
Enndhoven 


Hydrogen-bond Energies in the Crystalline 
State 


Mucas interest and significance pertain to the energy 
of the hydrogen-bond molecular interaction present im 
many gaseous, liquid and solid systems! There are very 
few reliable estimates for 1ts magnitude in the crystalline 
state, where 1ts role 1s often a predominant feature of the 
lattice structure 
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Systematic measurements of the mola: sublimation 
heats? which are very close to, if not identical with, the 
lattice energies per mole. allow more direct estimation 
of these hydrogen-bond energies than has been possible 
heretofore For the even-carbon members of the straight- 
chain monohbydric alcohol series (from C, to C2.) all in the 
same isostructural polymorphic form, we find in keal/ 
mole 
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AHsupi = 100 + 1802 


where n 18 the ‘carbon number’ H(CH,),OH Putting 
n = 0 gives the total head-group contributions to the 
lattice energy, that ıs, the sum of the contribution due 
to the (OH) group and that arising from the difference 
between, a terminal methyl (CH,) and a chain methylene 
(CH,) group The (CH.) contribution is clearly 1 80 
..keal/mole 

In the heats of evaporation of the normal parafiins® 
the difference in the (CH,) and (CH,) contributions 1s 
06 kcal/mole Thuis difference can be expected to mcrease 
for the process of sublimation, and other considerations 
suggest that then AHsub (CH — AHb (CH.) = 
10 + 02 keal/mole This leads to AHgyy, (OH) = 
90 + 02 kcal/mole 

To deduce the energy increment due to the hydrogen- 
bondimg condition of the (OH) group in these compounds, 
we still require an estimate of its lattice energy when not 
involved ın hydrogen-bonding, but otherwise similarly 
placed to the (OH) group in the alcohols A definite 
minimum value for this ‘free (OH) group’ lattice energy 
has been deduced as 1 4 kcal/mole from the difference of 
the sublimation heats of 2,4 6-tri-tert butyl phenol and 
2,4,6-tri-tert butyl benzene In this highly sterically 
hindered phenol the (OH) group ıs completely protected 
fiom hydrogen-bonding even in the crystalline state? 
A maximum of 28 kcal/mole ıs indicated for the same 
factor, for example, by AHgypi (CH;), and a most pro- 
bable value ıs 22 + 04 kcal/mole Accordingly, the 
hydrogen-bond energy ıs (90 + 02 — 22 + 0 4), that is, 
68 + 06 kcal/mole 

Agam, for the stiaight-cham even-carbon mono- 
carboxylic acids’ and thei methyl esters, we find, in 
keal/mole 


CnHons COOH AHgup! = 14 2 -+ 1 50 Te 
Cr Hont COOCH, AH sub] — ae E] + ji 95 n 


Both these series of compounds crystallize in a sımılaı 
head-to-head layer lattice structuie and so it 1s reasonable 
to suggest 


AHsupt (COOH) i AH sup (COOCH,) = 
14 2 — 77 = 65 kcal/mole 


In the absence of hydrogen-bonding ın the acids, the 
difference (ın the reverse direction) would arse from the 
replacement of (O—H) by (O—CH,) This difference 
(essentially the lattice energy of the CH, group) is esti- 
mated to be 24 + 04 kcal/mole, and this leads to 65 + 
24=89 + 0 4keal/mole for the carboxylic acid hydrogen- 
bond energy in the crystal 

The energy mcrease relative to the alcohols (8 9 and 
6 8 kcal/mole) ıs expected thus, in crystalline hexade- 
canol? the oxygen—oxygen distance (O-H  O)1s 271 + 
002A, in crystalline formic acid 1t 18 2 58 A andın dode- 
canoie acid? 1b1s 2 56 Å Lnkewise, in the vapour of formic 
acid (HCOOH) the hydiogen-bond energy ıs 7 06 kcal/ 
mole! that this becomes 8 9 kcal/mole ın the crystalline 
state for the higher acids conforms to the shortenmg of 
the (O-H 0) distance between the vapour state of the 
dimer and the crystal? by 015 A A similar shortening 
with change of phase occurs for acetic acid 

It may be mentioned that the difference!’ AHgnpi 
(C,H,OH) = A Hsubl (CH) is 161 — 105 = 5 6 keal/ 
mole correcting this for the ‘free (OH) group’ contribu- 
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tion by the figue aleady quoted for the difference be- 
tween 2,4,6-tri-tert butyl phenol and 2,4,6-tri-tert butyl 
benzene (1 4) suggests 42 keal/mole as the hydrogen- 
bond energy ın crystalline phenol This ıs essentially the 
same as the value (43 kcal/mole) for hydrogen-bonded 
phenol in carbon. tetrachloride 

Further confirmation of the foregomg ‘solid state’ 
hydrogen-bond eneigies comes from measurements of the 
activation enthalpies AH * involved in the kinetic process 
of their rupture, and so necessarily lugher than their 
equilibrium AH values In crystalline cyclopentanol 
and cyclohexanol, dielectric studies"! have given AH * = 
9 6 and 104 + 04 kcal/mole for the bond in the alcohols, 
while ultrasonic data!? give AH * = 105 kcal/mole for 
the benzoic acid dimer 
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Quantitative Gas-liquid Chromatography of 
the Higher Fatty Acids 


THE efficient separation of the higher fatty acids on 
polyester substrates'*, particularly with the addition of 
phosphoric acid, has been established for some time The 
quantitative aspects of such analyses have not, however, 
been stressed, smee im addition to association affecting 
the response of thermal conductivity detectors, adsorption 
of various types ın the column may occur! 

The direct analysis of volatile fatty acids m dilute 
aqueous solutions on a quantitative basis has recently 
been shown to be possible through addition of formic acid 
vapour to the carrer gas, thus effectively suppressing 
adsorption. of the weaker acids on the support and possibly 
in the substrate as well’ This procedure can only be 
carried out with a flame 10nization detector, smee in this 
detector formie acid gives no response®, but the presence 
of the formic acid does not affect the response character- 
istics of other carbon compounds 

The extension of this quantitative technique to the 
higher fatty acids, using an efficient polyester substrate 
to give separations of the unsaturated acids equivalent. 
to those obtained with their methyl esters, has been found 
to be practical 

A flame ionization detector and simple device for adding 
formic acid vapour to the carrier gas were utilized as 
previously deseribed®, excepting that a pippimg-pen m- 
tegrator was used Although a low percentage of polyester 
would speed analyses”, an avaiable column of 20 per 
cent ethylene-glycol succmate (EGS) on 80-100 mesh 
‘Chromosorb W° was operated at 212°C with helium as 
the carrier gas at 20 Ib /m ? mput for fatty acid analyses 
and at reduced flow (7 Ib /in *) for certam ester analyses 

Freshly prepared fatty acids from lmseed oul, and their 
methyl esters prepared by the boron trifluoride procedure’, 
were used ın the present study Iodine values (Wis) 
were determined by the Official Methods of the American 
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Fig 1 Simultaneous analysis of fatty acids from linseed ol and their 

methyl esters Column (6 ft x 1/8 1n outer diam stainless steel, 20 

per cent EGS on 80-100 mesh ‘Chromosorb W’) at 212°C utilizing 

elum carrier gas at 20 lb /in £? with added formic acid vapour Ester 
peaks are in the same order as acid peaks 


OJ Chemists’ Society All procedures were carried out 
m inert atmosphere. The esters and acids were injected 
in carbon disulphide solution (2 5 per cent w/v), samples 
of 0005 ml bemg commonly used 

With plam carrier gas repeated injections of the fatty 
acids failed to give any response on the recorder, indicating 
complete adsorption on the column When formic acid 
was added to the carrier gas reproducible analyses of acids 
were immediately obtamed (Fig 1), although the pre- 
viously adsorbed acids were not displaced by the formic 
acid m any obvious manner’. 

Smee the acids and esters exammed did not overlap 
(Fig 1, Table 1) ıt was feasible to carry out a sumultaneous 
analysis of both materials For quantitative studies, how- 
ever, the esters were also analysed (an the presence of 
formic acid vapour) at the reduced flow rate in order to 
give larger peaks The compositions were then calculated 
(Table 2) and from these were computed the 1odine values, 
mm reasonable agreement with the Wijs iodine values The 
ratios of the peak heights for the-acids and esters when 
analysed simultaneously (Fig 1) were identical withm 
+ 2 per cent, indicating that proportionality was mam- 
tamed The individual counts for these ester peaks, 
although subject to high error owing to the few counts 
available, indicated on the average approximately equal 
weight response for the acids and esters Although the 
response should be shghtly higher for the esters these 
observations all mdicate that no significant loss of esters 
or acids occurred 


Table 1 TYPICAL RETENTION TIMES* (MIN) FOR ANALYSES OF ACIDS 


AND ESTERS 
Acids Esters 
Materials With acids Reduced flow 
Palmitic 197 8 2 118 
Stearic 32 6 55 19 6 
Oleic 38 8 66 23 2 
Linoleic 498 83 29 3 
Linolenic 65 5 110 38 6 


* Adjusted (from first solvent disturbance) 


Table 2 PERCENTAGE OF COMPONENTS, AND IODINE VALUES (IV), AS 
INDICATED BY AREA RESPONSE a DIFFERENT ANALYSES OF ACIDS AND 
STERS 


Materials Acids Esters 
Palmitic 87 G4 87 86 
Stearic 29 $8 29 27 
Oleic 175 17 4 16 3 177 
Linoleic 168 165 157 160 
Tanolenic 548 55 4 56 4 55 1 
IV (eale) 196 197 188 186 
IV (Wijs) 199 188 
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Theoretical plate numbers? as determined for Imolenic 
acid’ and ester peaks mn the mixed analysis were identical 
(about 2,400) withm experimental error The other ester 
peaks were too narrow to permit accurate measurement 
The comparable ester peak at reduced flow gave a lesser 
value (about 900) and palmitic acid and ester peaks under 
the two different operating conditions gave proportionate 
values of approximately 2,000 and 700 


Table 3 SEPARATIONS ease IN VARIOUS ANALYSES OF ACIDS AND 
STERS 


Esters 
With acids Reduced flow 


Materials Acids 
Stearic /palmitic 165 166 164 171 170 170 170 
Oleic/stearic 120 115 118 118 i117 118 218 
Linoleic/oleic (6/9)* 128 128 128 127 127 127 127 
Linolenic;linoleie (3/6)* 1 32 134 132 138 133 132 132 
Linolenic/oleic (8/9)* 168 170 189 169 168 167 167 
* See ref 11 


In examining the separations between various acids 
(Table 3), the slightly lower stearic/palmitic separation 
with the acids m contrast to the esters parallels the 
different vapour pressure ratios obtained for these mater- 
1als at lower temperature? If the oleic/stearic separation 
is slightly less with the esters this may be due to lengthen- 
ing of the chain, since the saturated and mono-unsaturated 
ester log plot lmes*® converge for this polyester in this 
temperature range as fatty acid chain length mcreases 
The systematic type IT separation factors for the unsatur- 
ated acids and esters are, as predicted", virtually identical 
in all cases 
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Effect of Ultrasonic Radiation on the 
Crystallization of Polyethylene from Dilute 
Solution 


THERE 1s much interest at present m the morphology of 
polymer single crystals grown from dilute solution, and, 
using polyethylene, Bassett and Keller! have recently 
attempted to systematize the relationship between crystal 
habit and preparative method In some of thew experi- 
ments involving quenching, crystals of an unfamuliar type 
were sometimes observed. These took the form of neck- 
laces very sımılar to those prepared by van der Herde? 
im his examination of the erystalhzation of polyoxy- 
methylene from dilute solution = 

In our experiments, ‘Rigidex 50’ polyethylene with M w 
of 112 x 10° and a branching frequency of less than 1 
per 1,000 was crystallized by pipetting 1 ml of a 05 per 
cent wt. solution in boiling p-xylene into a suitable 
volume of p-xylene thermostated at the appropriate 
temperature in an ultrasonic field Figs 1 and 2 show the 
general appearance under the electron microscope of the 
crystals from the resulting suspension The necklaces 
consist of roughly hexagonal platelets strung along a 
central filament In none of the preparations was the 
normal lozenge-shaped crystals totally absent, but they 
could have been formed as the suspensions cooled to room 
temperature in the absence of ultrasonic radiation The 
characteristic necklaces were produced over a range of 
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con litions: (1) 0-05-0-1 per cent wt. solution, (2) 85-190 


ke/s, (3) 82°-88° C, (4) 0-1-0-4 mW /em?. The experiments 


showed that 0-1 mW /em? is the minimum power sufficient 
duce the new crystals, but the other conditions do 
ot necessarily represent limits. Niegisch? has produced 
similar forms at 75° C and 20 ke/s from dilute solutions of 
“Marlex 50’ polyethylene. The method of preparation we 
describe is evidently not unique, but polyethylene crystals 
of the new morphology are certainly typical of our tech- 
nique which favours their production. Using a sample of 
Du Pont ‘experimental polyoxymethylene’ under similar 
conditions we were not able to produce necklaces though 
other anomalous crystals were detected. 

At this stage it is not possible to say whether the effect 
of ultrasonic radiation on the morphology of polymer 
crystals is due primarily to a modification of ths nucleation 
process or of the crystal growth stage, but the answer to 
this question is clearly relevant to the formulation of 

‘theories of crystallization mechanisms. We are at 
present using ultrasonic techniques as a means of investi- 
gating the crystallization process, and the observations 
` reported here form part of a more general investigation. 
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Fig. 2, Polyethylene, Gold-palladium shadowed at 30°C. (x 24,000) 
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BIOPHYSICS 


Molecular Lesions produced in Ribonuclease- 

by Gamma-rays 

CRYSTALLINE enzymes are very sensitive to inactivation 
by ionizing radiations. In general, one ionization within 
an enzyme molecule can result in the loss of catalytic 
activity!~*, Although these primary ionizations occur 
randomly within the molecule there is evidence from 
electron spin resonance investigations‘ that certain groups 
are preferentially damaged. There is, however, a scarcity 
of knowledge about the nature of the molecular lesions 
produced by ionizing radiation in biological 
macromolecules, and the forms of molecular 
damage responsible for the observed loss in 
enzyme activity are unknown. 

Experiments are reported here which sug- 
gest that the direct action of ionizing radia- 
tion produces structural changes such as 
the breakage of certain disulphide bonds, 
and molecular conformity changes so that 
Jatent’ tyrosyl groups become easily ioniz- 
able, E 

We have examined the radiosensitivity of 
ribonuclease (RNase) and the results have 
been reported elsewhere*®. RNase is particu- 
larly well suited for studies on molecular 
damage, since a great deal is known about 
its structure. The amino-acid sequence of 
RNase has been determined’, and it is 
known to possess four disulphide bridges®. 
The disulphide bridges are important in 
determining the conformation of the mole- 
cule, and their breakage results in loss of 
enzyme activity”. It appears, however, 
that not all the disulphide bridges are 
functionally important’. 

There is evidence that disulphide bridges 
may be broken in RNase’ and in insulin’? 
by ionizing radiation. We have assayed for 
the appearance of sulphydryl groups in samples of dry, 
purified, crystalline ribonuclease, irradiated in sealed 
tubes to a dose of 30 Mrads. This dose reduces the 
activity in air to 25 per cent. 


The sulphydryl groups were titrated by the method of o 


Boyer? using parahydroxymereuribenzoate (pOHMB 





(Sigma Chemical Co., formerly catalogued as parachloro- = 
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mercuribenzoate (pCMB)). Increasing concentrations of 
ribonuclease were added to a constant concentration of 
pOHMB at pH 6-80 and the optical density at 255 mp 
read at time zero. The optical density of irradiated 
RNase controls was also read at this time. The reaction 
vessels were closed and left for 12 h, at which time they 
were shaken and the optical density read. The results 
of an assay for RNase irradiated with 30 Mrads in air are 
shown in Fig. 1. The optical densities of the irradiated 
RNase were subtracted from those of the mixture to give 
a curve which represents the ultra-violet absorption 
due to the mereaptide formed from the combination of the 
pOHMB with sulphydryl groups. The equivalence point 
or ‘knee’ of the titration curve represents the point at 
which all the pOHMB is utilized. From this one can 









0 0010 0020 0030 0-040 0-050 0-060 0-070 
ae RNase concentration (vmoles/mi.) . 
Fig. 1. Titration of free SH groups in RNase after a dose of 30 Megarads 
in air. ‘The optical density (O.D.) is measured against that of a pOHMB 
blank. The knee of curve 3 represents equimolar concentrations of free 

oes o SH groups and pPOHMB ` f l 
1 POHMB (0020 smole/ml.) and irradiated RNase: 2, irradiated 
sooo RNase, 3, 1 minus 2; 4, as in 3 for native RNase. 
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= caleulate the average number of radiation-produced, free 
-SH groups per RNase molecule, and also the G value or 
yield of SH groups per 100 eV of y-radiation absorbed. 
|: These are shown in Table 1 together with the yields for 
: loss in enzyme activity under the same conditions. No 
free SH groups were detected in the native RNase. The 
Appearance of SH groups following irradiation in air 
was also assayed at pH 4-5, and a slightly lower G value 

df 0-72 was obtained. 


Table 1. RaDIOCHEMICAL YIELDS IN RNASE 


Gaseous conditions during 
irradiation t 
N; NO 
1-53 
7 0-58 
067 
G0 TEREN PESAN 


Units 
{100 eV 


Alteration observed 2 
3-00 
finolecule 0-75 
a 


oo RNase molecules inactivated 
Free SH-* groups. 
isulphide bridges broken 
‘Tyrosine groups unmasked 
; * Dose, 30 Megarads. 
ot Initial rate of breakage. 


{100 eV 
{100 eV 


-An experiment has been performed which shows that 
the total number of disulphide groups which are available 
for assay after chemical reduction remains unchanged 
following the irradiation. This suggests that the sul- 
> phur-sulphur bonds of the cystine groups (disulphide 
bridges) are broken by irradiation of RNase in the dry 
<o state, and it seems unlikely that C—S bonds of either 
-= «ystine or methionine groups are broken. — 
The average titre of SH groups produced increased with 
dose, and appeared to approach an average of two per 
molecule. This is compatible with the assumption that 
only one disulphide bond per average molecule may be 
broken by the radiation.. 

RNase has six tyrosyl (phenolic) groups, three of which 
ionize easily with a pK of 10 and three of which are hidden 
within the molecule and are not readily ionized!*. These 
ionized tyrosyl groups absorb strongly in the region of 

295 mp, and one can titrate them spectrophotometrically. 
Changes in the titration curve of these tyrosyl groups 

_ should indicate structural changes within the molecule. 
lonizing radiation caused a hyperchromic effect in the 
a-violet. absorption curve of ribonuclease. Elevation 
the hydrogen ion concentration also produced a hyper- 
mic effect (Fig. 2). The hyperchromie effect due 
elevation was more marked in the region 290 mp 
‘radiated ribonuclease than. for the native enzyme, 
suggested that tyrosyl group ionization was being 
¿o = changed.  Spectrophotometric | titrations at 295 mu 
were carried out for native and irradiated ribonuclease 


after the method of Tanford!?, The results are shown 

















in Fig. 3. The increase in the extinction coefficient of 


o native ribonuclease takes place in two equal steps, and 





WE 








ribo 







\ PHES — pHI05 
\ Control nq i aSa 
\ Irradiated -~9~ - 


03 


Optical density 


0I 





230 240 250 260 270 280 290 300 310 320 
Wave-length 4 (my) 


Fig. 2, Ultra-violet absorption spectra of irradiated and native RNase, 

Note the hyperchromie effect in the irradiated samples (dashed lines) after 

a dose of 30 Megarads in air, and the enhanced. effect at higher: pH. 
Enzyme concentration, 10-5 M 
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damage. The possible exception to this 1s for wradiation 
m mitric oxide where both yields are of similar magnitude 

It 1s possible that the appearance of the unmasked 
tyrosyl groups accompames the breakage disulphide 
bridges, that is, the three tyrosyl groups are unmasked 
as a result of the breakage of a single disulphide bridge 
Tanford has suggested that the tyrosyl groups themselves 
might be mvolved m hydrogen bonding and that such 
bonds could be important m maimtaiming the tertiary 
structure of the molecule 
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An Alpha-globulin Allotype in the Mouse 
(MuBl!) 


POLYMORPHISM, detected by antibody from individuals 
of the same species (allotypy), has so far been observed only 
in the y- (ref 1) and 8-globulins (ref 2) Inman, a class of 
«-globulm Gel and Gc2 1s subject to genetic variations and, 
has been revealed by antibodies of heterologous origin? 
Polymorphism of other «-globulins, the haptoglobms 
in several mammalian! species and recently the trypsin 
mbhibitors ın man* have been detected by other means 
So far, the polymorphism of serum protems has been most 
thoroughly exammed m man and rabbit In the mouse 
the genetic variation. of the transferrms® and of an allelic 
pair of y-globulms (MuAl and MuA2) (refs 7-10) have 
been exammed We wish to report here a new allotypic 
specificity among the «-globulins of the mouse 

Antibody was mduced m DBA/2J and A/HeJ mice 
immunized with the serum of DBA/1lJ and C57£/J mice, 
respectively Mice were given subcutaneously, or mto the 
foot pad, sıx myections of serum mcorporated in complete 
Freund’s adjuvant On the fifth day after the last mjec- 
tion, the animals were bled from the tail, and the sera 
from the two groups of ammals (DBA/2J and A/He.J) 
were pooled separately Both pools of sera reacted m an 
identical manner, givmg one zone of precipitation m 
double diffusion with the serum of BALB/cJ, CBA]J, 
C57 BLOT, 057Br/cdJ, C58/J, C57L/J, 129/J, SJL/J, 
C3H/HeJ and DBA/\Jruce The specificity was absent in 
mice of the A/HeJ, AJJ, AKR/J, RF/J, SWR/J and 
DBA/2J strams A number of hybrid strains were also 
tested AKR/J x DBA/2J, CHIBL/6J x AJJ, C57BL 
6J x DBA/2J,BALB/ceJ x A/jJ,C57L/J x A/HeJd, C3H/ 
HeJ x DBA/2J, C3H/HeN x C57TBL/6J, and only the 
hybrid AKR/J x DBA/2J was found to lack the allotypic 
specificity under investigation, In short, all hybrids having 
m ther ancestry one or two of the strams contaiming tho 
allotypic specificity also possessed, the allotypie specificity 
in, their serum 

In all cases, 3 or more males and 3 or more females were 
tested for the presence of the allotypie specificity and in 
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all cases the distribution of the allotypic specificity ın 
males and females was identical 

In addition to mbred mice exammed, forty ‘Swiss’ mice, 
from the Connaught Laboratories and from our own colony, 
were found to possess the allotypic specificity under 
investigation Five serum samples of woodland deer 
mouse (Peromyscus maniculatus gracilis) were also ex- 
amined and found to give a reaction of partial identity 
with the allotypic specificity of strains such as DBA/1J 
These samples did not produce any detectable reaction 
with a previously described MuA2 antiserum. 

The antibody from DBA/2J and A/HeJ muce was 
shown by xmmmunoelectrophoresis to react with an a«a- 
globulin, the mobility of the «a-globulm was located by 
comparison with that of some well-defined human pro- 
teins (Fig 1} Simcoe ıt has been previously proposed 
to call the y-globulin allotypes MuAl, MuA2, MuA, , 
we now propose to call the «-globuln family of allotypic 
specificities MuB and the specificity here descrbed 
MuBl 


= 
ea 
5S z 
So = 
cg $ Electrophoretic mobility of some 
= = 5 human serum proteins 
Os = 

+ pan 
Antibody from DBA/2J mice 
Serum from C58J mouse 
Fıg 1 Electrophoretic mobility of the a-globulin MuBi m relation 


to human ceruloplasmin, transferrm and a-macroglobulin 
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BIOCHEMISTRY 


X-irradiation of Deoxyribonucleic Acid 


One of the biochemical effects of X-mwradiation ıs the 
inhibition of synthesis of DNA Although Okada and 
Hempelmann! showed that, after 1on1zimg radiation, there 
1s an inhibition of the actrvities of enzymes essential for 
DNA synthesis, the experiments of Bollum eż al * indicate 
that regenerating rat liver can still synthesize thymidylic 
kmase and DNA polymerase in tissues where DNA syn- 
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thesis has been suppressed by X-irradiation Walwick 
and Mam? reported that the enzymes catalysmg synthesis 
of DNA are unaffected by X-radiation at dose-levels 
(100-5 000 rads) ordmarily encountered ın radiation bio- 
logy. Stacey* found that the ability of X-:rradiated DNA 
to ‘prime’ the action of polymerase ıs reduced, but only 
by relatively high doses 

This communication describes another feature of the 
effect of X-irradiation of DNA, namely, a loss of ability 
of Ehrlich ascites carcmoma cells to take up mradiated 
DNA and an mereased susceptibility of DNA to DNase 
after X-irradiation 

DNA labelled with carbon-14 used m these experiments 
was prepared as follows Ehrlich ascites carcmoma cells 
from 8 mice, 5 days after moculation, were collected by 
centrifugation and washed with saline free from erythro- 
cytes, yielding about 7 ml of packed cells The ascites 
cells were incubated in 120 ml of isotonic Krebs—Ringer 
medium contaming 2 4 m moles of tris buffer, pH 7 4, and 
8 pe of thymidine-2-“C (66 4 ug) for 3 h at 37° shaken 
aerobically in a Research Specialties Co water bath shaker 
After meubaition, the ascites cells were collected by centri- 
fugation and washed with salme DNA of the ascites cells 
was isolated by the method of Marmur’ up to RNase 
treatment and then by the method of Kay, Summons and 
Dounce® onwards from step 8 About 3 mg of DNA were 
obtamed from 1 ml of packed ascites cells, yielding 26,000- 
30,000 cpm /mg DNA Heated DNA samples were pre- 
pared by keeping a solution of #“C-DNA (0 3 mg per ml 
001 M sodium chloride) at 100° for 10 min and then 
cooling ıb m an ice bath. X-wradiated DNA samples were 
prepared by irradiating (500 rads for 5 min) a solution of 
4O-DNA (03 mg per ml 001 M sodium chloride) m a 
Petri dish 1 ml (03 mg) of X-rradiated 1C-DNA was 
used for each experiment 

For the examination of cellular uptake of *C-DNA, 
0 1`ml of Ehrlich ascites cells was mcubated m 30 ml 
of isotonic Krebs—Rimger medium containmg 60 umoles of 
phosphate buffer, pH 7 4, and 03 mg of “C-DNA in an 
Erlenmeyer flask shaken aerobically ın a water bath shaker 
for 60 min at 37° After mcubation the contents of the 
flask were centrifuged, washed twice with 10 ml each of 
saline and once with 95 per cent ethanol, ethanol/ether 
(3 1) and then ether The residues were then suspended 
in a small amount of chloroform/ether (4 1), plated on 
aluminium planchets, and their raduioactivities were 
counted The control counts of radioactivity, m which 
4C-DNA and ascites cells in the same medium were mixed 
in ice and washed immediately as already described, were 
subtracted from the counts found m experiments in which 
the meubation was carried out for 60 min at 37° 


Table 1 CELLULAR UPTAKE OF ge are A BY EHRLICH ASCITES CARCINOMA 
ELLS 


MO-DNA preparation Uptake 
(counts/2 min) 
Natıve DNA 290 
Heated DNA 189 
A-ltadiated DNA 0 
Native DNA + DNase 0 


As shown m Table 1 when “C-DNA 1s X-irradiated with 
500 rads for 5 mm no uptake 1s observed When heated 
DNA is used instead of native DNA the uptake is reduced 
The uptake ıs also reduced after treatment of DNA with 
pancreatic DNase (8 pg/ml) However, when DNA 1s 
radiated in the presence of 1 mM cysteine, the activity 
taken up by ascites cells 1s almost undimimished In the 
present experments the localization of “C-DNA. in the 
ascites cells was not studied This 1s now under investi- 
gation 

The mereased susceptibility of DNA to DNase activity 
after X-irradiation, or heating, was shown m the followmg 
manner 03 mg of “C-DNA was incubated mn 20 ml of 
medium contaming 80 umoles of tras buffer, pH 7 4, 10 
pmoles of magnesium chloride and 05 ml of 1 5 ascıtes 
homogenate m water for 60 mm at 37°, After incubation, 
1 ml of 30 per cent trichloroacetic acid (TCA) was added 
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and the contents were centrifuged The clear supernatant 
was extracted three times with 6 ml each of ether to 
remove TCA Aliquots of the aqueous phase were plated 
and their radioactivities counted As shown in Table 2, 
DNase ın ascıtes cells hydrolyses heated and X-urradiated 
DNA faster than native DNA The results indicate that 
not only ıs there a loss of ability of Ehrlich ascites car- 
cinoma cells to take up urradiated DNA but also that a 
change occurs in DNA after X-irradiation whereby its 
susceptibility to DNase activity 1s increased 


Table 2, DNASE AOTIVITY OF ASCITES CELLS 
With DIFFERENT SAMPLES OF DNA 


DNase activity 
NO-DNA used total counts in TCA- 
as substrate soluble fraction 
Native DNA 1,572 
Heated DNA 3,060 
X-irradiated DNA 2,310 


This work was supported by the US National Institutes 
of Health (grant C—6007) and the National Cancer Institute 
of Canada 
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Participation of Purine and Pyrimidine 
Nucleotide Sequences in the Molecule of 
Calf Thymus Deoxyribonucleic Acid 


A METHOD was recently developed ın this laboratory by 
which ıb was possible to degrade DNA chemucally to 
sequences of purme nucleotides!? Durmg this procedure 
the DNA 1s first freed of pyrimidines by heatmg with 
anhydrous hydrazine and then degraded in alkal., the frag- 
ments formed are separated by chromatography on DEAE 
cellulose in a lithium chloride gradient Accurate quanti- 
tative analysis revealed that most purme nucleotides 
occur in calf-thymus DNA in sequences of two or more 
purme nucleotides? The results make it possible to 
calculate the frequency of occurrence of the mdividual 
purine nucleotide sequences in the DNA molecule (Table 1) 

The frequency of occurrence of the individual sequences 
corresponds to the probability of occurrence of analogous 
sequences m a model system arranged as follows A 
certam number (n) of nucleotides of the same type 
(marked a) ıs arranged in all posstble ways so that the 
number of nucleotides m every arrangement would be 
equal to n and so that no arrangement would be repeated, 
the sequence of the mdividual units being of no concern 
Thus, for example, for n=5 a total of 7 arrangements are 
possible, namely, aaaaa, aaaa+a, aaat+at+a, aaa+aa, 


Table 1 DISTRIBUTION OF PURINE AND PYRIMIDINE? NUCLEOTIDES IN 
ALF-THYMUS DNA 


Purme nucleotide clusters Pyrimidine nucleotide clusters 


% of total Frequency of % of total Frequency of 
Sequence purine occurrence pyrimidine occurrence 
nucleotides of the nucleotides of the 
~ ~ m this type cluster in this type cluster 
of sequence (%) of sequence (%) 
pNon 173 440 179 441 
P (N p) 158 20 0 17 6 216 
p UN Ds 154 129 155 127 
p (N Pp) 12,8 81 13 6 83 
p (N Pp) 109 56 99 49 
Longer 
sequences } 27 8 94 25 5 84 


* The values referring to the pyrimidine nucleotide clusters are calculated 
from data of Spencer and Chargaff (ref 4) 
f The average chain length of this fraction corresponds to 7 6 nucleotides 
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Table 2 DISTRIBUTION OF NUCLEOTIDES IN THE MODEL SYSTEM FOR 
DIFFERENT MEANINGS OF 2 


% of total nucleotides m Frequency of occurrence % 


No 4908 


this type of sequence of this type of sequence 
Sequence n=12 n=13 n=14 n=12 n=l18 n=ld 
a 211 20 6 197 490 48 9 477 
aa 18 0 170 169 207 201 206 
GUE 146 144 188 112 113 112 
dade 12 1 116 116 70 68 71 
aaaaa 92 96 93 43 45 45 
Longer 
sequences 250 26 7 28 6 78 83 90 
aa+aa+a, ‘da+ata+ea, atatatata (smee the 


sequence of units makes no difference the following 
arrangements are taken as equal aaa+a+a, a+aaa +a, 
a+a-+aaa) The whole set 1s composed of 20 sequences of 
five types, the sequence aaaaa occurrmg once, aaaa also 
once, aaa twice, aa four times and a twelve times. The 
probability of occurrence of the mdividual sequences 1s 
determined by the ratio of participation of the sequence 
type mvestigated to the total number of all sequences of 
the set mvestigated, for example, the probability of 
occurrence of sequence aa is 4 20=0 20, that ıs, 20 per 
cent The probability of occurrence of the mdividual 
sequences depends considerably on the number of nucleo- 
tides (n) which are taken mto consideration Thus for 
n=2 the probability of occurrence of sequence aa is 33 3 
per cent, while for n= 20 only 19 8 per cent, ete 

The frequency of occurrence of the mdividual sequences 
of purme nucleotides from calf-thymus DNA corresponds 
to the probabihty of occurrence of analogous sequences 
of a model system derived ın the foregoing way for n= 13 to 
n=14 (Table 2) 

The same law holds for the distribution of pyrimidine 
nucleotide sequences mm the molecule of this DNA if the 
data pubhshed by Spencer and Chargaff* on the par- 
ticipation of nucleotides ın the mdividual sequences of 
pyrimidine nucleotides are expressed with respect to the 
frequency of occurrence of the given sequences quite 
analogous results are obtamed (Table 1) Even here the 
frequency of occurrence of the individual sequences corre- 
sponds to the probability of occurrence of these sequences 
in the foregoing model system for n = 12 to n = 13 

This regularity of occurrence frequency of the mdividual 
sequences makes ıt possible to assume that the longest 
monothematic sequences of purme as well as pyrimidine 
nucleotides occurrmg m calf-thymus DNA are formed by 
13 nucleotides According to the laws of probability, a 
molecule containing a smgle purme 13-nucleotide must 
also contain another 555 sequences similarly as the corre- 
sponding model system for n=13 If now the purme 
nucleotides m all these 556 sequences are added the total 
number of nucleotides is 1,313 The numbers of pyrimidine 
sequences and nucleotides are the same, the molecule of 
calf-thymus DNA contams thus (for n=13) a total of 
2,626 nucleotides m the polynucleotide cham which 
corresponds to a molecular weight of 81x 10° The mtact 
molecule of calf-thymus DNA formed by two basic poly- 
nucleotide chams arranged m the double spiral should 
thus have a molecular weight m the viemity of 16x 10° 
The number 7 1s thus a function of the molecular weight 
of the fundamental polynucleotide cham 

The equal particrpation of the mdividual purme and 
pyrimidine sequences thus confirms the correctness of the 
Watson—Orick model of the double spiral of DNA (ref 
5) agamst a sequence of purme nucleotides there must 
always be an analogous one of pyrimidine nucleotides 
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Effect of Injection on Nicotinamide Adenine 
Dinucleotide-levels 


Durme an investigation of the possible ın vwo effect 
of redox dyes on the distribution of oxidized and reduced 
nicotinamide adenme dinucleotides (NAD+ and NADH), 

‘it was noted that the ratios and/or levels of these co- 
oe can be altered by myjection of distilled water 
alone 

To standardize experzxmental conditions, only male rats, 
11-12 weeks old and bearmg 6-day Walker tumour 1m- 
plants, were used, and imjection and killing (by cervical 
dislocation) of all the anzmals were carried out at the same 
tıme of day. The rats were divided nto 3 groups Group I, 
12 rats which had not received an injection , Group IT, 
5 rats injected intraperitoneally with 1 m} distilled water 
per 100 g body-weight , Group ITI, 5 rats mjected mtra- 
peritoneally with 1 ml per 100 g body-weight of an 
aqueous solution of leuco base of mndophenol blue (1 25 
mg/ml ). 

Groups II and III were killed 05 h after myjection. 

The liver, kidney, spleen, tumour and left hind muscle 
were removed as quickly as possible, cut mto small pieces, 
and frozen m liquid nitrogen The samples were mmedi- 
ately weighed (without being allowed to thaw), and were 
then homogenized and analysed according to the method 
of Caiger et al ! 

The results are presented graphically ın Figs l and 2 

Marked differences in the levels of nicotznamide adenine 
dinucleotides were observed only m the spleen, kidney 
and hver of Groups IT and III as compared with Group I 
Two striking effects are apparent First, that under the 
conditions specified the leuco base of mdophenol blue does 
not influence absolute or relative concentrations of NAD+ 
and NADH, since water gave virtually identical results. 
Second, the NADH concentration 1s distimetly less ım 
both water and dye injected animals, resultimg im an almost 


two-fold merease m the NAD*+/NADH ratio Smee no 
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Fig 1 Distribution of NAD? and NADH ın the various tissues of the 
three‘groups of rats The standard deviations are mdicated 
Group I, no jection , Group IT, water injection, Group ITI, dye mjection 
Tissues examined were liver (L), ety (K), spleen (S), tumour (7), 

muscle 
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Fig 2 Distribution of total coenzyme and NAD*/NADH ratio m the 
various tissues of the three groups of rats The standard deviations are 
indicated For details see Fig 1 


rise in the NAD+ level was obse1 ved (perhaps even a slight 
loss ıs indicated), ıt seems probable that a destruction or 
non-formation of reduced co-enzyme has occurred 

These findings suggest that myjection per se can have a 
marked effect on the ratio and levels of nicotinamide 
adenine dmucleotides Other workers have reported on 
the effect of stress on biological components, for example, 
non-protem sulphydryl groups?! and blood sugar‘ 
This investigation also confirms reports by other workers 
that NAD+ levels are low m tumours§-® 

The question arises whethe: this stress affects NAD+ 
and NADH similarly ın both normal and tumour-bearng 
arumals Exxtensrve mvestigation on this problem ıs 
required If qualtatrvely different reactions are obtamed 
between normal and tumour-bearmg animals this might 
yield further insight ito the process of malignancy 

This research was carried out as a prelummary mvesti- 
gation to a co-operative study of the problem of biological 
and biochemical characterization of human cancers We 
thank Miss P Briggs for her assistance and Dr D A 
Gilbert for his advice 

This work was supported by grants to this Institute 
fiom the Medical Research Council, the British Empire 
Cancer Campaign, the Anna Fuller Fund and the National 
Cancer Institute of the National Institutes of Health, U S 
Pubhe Health Service 
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Acid Mucopolysaccharide Content of Dermal 
Connective Tissue of Normal and Hypo- 
physectomized Rats 


Previous imvestigations conducted in our laboratory 
have shown a parallel relationship between the ın vitro 
oxidative-.eductive depolymenzation of hyaluronic acid 
and the an vwo ‘permeability’ changes of dermal connective 
tissue’-> These results suggest that hyaluronic acid may 
play a part in the permoability of dermal connective tissue. 
Our investigations concerning substances which act as 
activators and others which act as inhibitors of connective 
tissue ‘permeability’ also have shown that a different effect 
is obtamed using hypophysectomized and adrenalectom- 
ized rats as compared with normal rats? This 1.esult led us 
to mvestigate the content of mucopolysaccharides m the 
dormal connective tissue of normal and hypophysectom- 
ized rats in order to establish whether tho amounts of 
these substances aro affected by the pituitary function 

Exporiments were performed on rats 3-5 months old, 
CFE stram of both sexes The hypophysectomized 
animals were purchased from N and J Supply, Inc , New 
City, Rockland County, New York The animals were fed 
‘Wayne Lab Blox’ (mice and rats) diet? The animals were 
hypophysectomized about 2 weeks prior to use One 
group of femalo rats was used 2 months after being hypo- 
physectomuzed ın order to establish whether the time after 
hypophysectomy would affect the mucopolysaccharide 
content These animals mamtaimed a stationary woight 
throughout this period 

Both control and hypophysectomized 1ats were killed 
by bleeding them from tho aorta’ The skin of the dorsal 
and lumbo-dorsal region was shaved and taken for analysis 
It was ground into powder, defattod in a Soxhlet extractor 
using acetone and dried at 80° C m a drymg oven Tho 
mucopolysaccharides were oxtracted and isolated following 
a slight modification of tho technique described by 
Schiller et al? The mucopolysaccharnides were finally 
precipitated with cetylpyndinium chloride and the 
plecipitate was washed with 003 M sodium chloride 
From the precipitate, hyalurome acid, chondroitin 
sulphate and heparin were extracted successively with 
04, 12 and 21 M sodiwm chloride The mucopoly- 
saccharide content of different fractions was determmed 
by tho carbazole method of Dische* which is based on the 
uronic acid content Glucurone was used as standard 
The results are shown ın Tables 1 and 2 Tho values are 
expressed as umg of glucurone equivalent per gram of 
dry skin, they do not corrospond, therefore, to actual but 
1elative values of mucopolysaccharide content The 
1esults obtamed on normal animals (Table 1) are closely 
similar to those reported by Schiller and Dorfman! for 
normal rats of the samo age Morcover, the present results 
show no difference m the concentration of mucopoly- 
saccharides in male and female rats 

In comparing the results obtained with normal and 
hypophysectomized animals (Tables 1 and 2), no difference 
is apparent botween the various fractions and total muco- 
polysaccharide content for both groups 

Schillor and Dorfman" reported data on the turnover of 
hyaluronic acid and chondrortin sulphate m normal and 
hypophysectomized rats This was done by the admunis- 
tration. of both acetate-1-“MC and Na,*5SO, The authors 
found the half-life times of 2 9 and 4 8 days, respectively, 
for hyaluronic acid and chondroitin sulphate in normal 
rats and 51 and 117 days, respectively, for hyaluronic 
acid and chondroitin sulphate in hypophysectomized rats 

Schiller also reported in another study that hypo- 
physectomy resulted ın a progressive increase of hyaluronic 
acid, while the concentration of chondroitin sulphate 
steadily decreasod 

Our results do not confim this last finding The dıs- 
clepancy can be, however, duo to the difference in the age 
of anmmals used ın both experiments Schiller used 4- 
week-old 1ats, wheroas the animals in our experiments 

































8 COMARIDES 3 IN THE SKIN OF | 


Oat oha t ridos. yal Chondroitin 
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mincopolysaccharides eee ae Chondroitin 


Gng, uronic acid/g aphate Heparin 
“dry skin} % of tata uronic acid 

900 69 18 13 
l 750 68 17 15 
eS 1, 55 20 25 
SA 1,010 57 23 20 
Oy nin 42 35 23 
NB 300 52 36 12 
CRS 1,060 74 12 14 
20 ge 1,060 56 33 11 
21g. 870 55 34 1i 

-Average 930E F- 59+9 2548 16+5 


a m for pooled sample fi f tom $ female ia 2 months anor hiypophysastomy : 


; were: about 3 to 5 months of age. Schiller and Dorfman" 
_ found the concentration of hyaluronic acid and chondroitin 
a sulphate in the skin of 44-day-old rats to be. much greater 
e Ta that of mature rats. 

‘The results of the present work suggest that the in vivo 

7 eability’ changes of dermal connective tissue which 
-follow the ablation of the pituitary may not be a result of 
_. a change in the concentration of mucopolysaccharides, but 

_-could possibly result from a decrease in the degree of 
polymerization of the hyaluronic acid or other muco- 
polysaccharides : as suggested earlier®. 

_ Inconelusion, the present findingsshow that hypophysec- 
tomy does not affect. the mucopolysaccharide content of 
: at least, not in adult rats. The concentrations of the 
-mucopolysaccharides are not affected even 2 
hs after the hypophysectomy. 
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Effect of Propano - pt 

Reactivity of Wool 

Tars communication shows that the 
phobic bonds in interactions of soluble prot poi 
be applied to water-insoluble fibrous proteins. -Tt hast 
observed??? that lanthionine formation in wool at-6 
with sodium hydrogen carbonate or borate is much 
in a mixed solvents i in a solutions.. Thi 








aqueous Saal ‘Now there i is spin tha that 
organic solvents will tend to overcome ther 
the nydropnobie interior of proteins to pone 


protein groups located | in hydrophobic. regions. | 
New experiments (Fig. 1) on the relationship. of pro 
concentration to the wool cystine degradation h 
normal sodium carbonate at 45°C gave a maximu 
cystine reactivity in 60 per cent (v/v) aqueous propanol. — 
In Fig. 1 the results given in ref. 3 for the same solvent: 
are included to show the close similarity of the solv on at pes 
effect. o 


Cystine content (per cent) 





2040 60 a0 


Propanol (vi v, per cent) 


Fig. Change in the cystine content in merino wool.in OL normal 
ie ie carbona 45° C, 2 h CO} and im 0-5 molar borate: solution: - 
65° C,4h (A) as a function of the: concentration of propanol ; 












The results suggest that the inbréhacd: renotid yi wool ~ 
cystine bonds in 10-80 per cent (v/v) aqueous prop: 
is best described as the consequence of a no 
interaction of the solvent with the wool protein, res 
in the weakening of the hydrophobic interac 
consequent exposure of wool cystine. groups to he 
of alkali. pee 

Note added in proof. J. A. MacLaren (Austral. J 
15, 824; 1962) also regards wool as a protein. 
hydrophobic as well as hydrophilic interactions and 
the extent of reduction of wool by thiols in aque 
alcohols increased. 
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Effects of Calcium isn: on Prolonged Action 
Potentials and Hyperpolarizing Responses 


oe membrane of excitable tissue is capable of main- 


= apes two different states, namely, either the resting 


state or the acting state. These two states are defined 
in terms of the membrane permeability to sodium and 
potassium ions; Pya/Pe is small in the resting state 
whereas it is large inthe acting state. Our recent experi- 
mental results suggest that the membrane potential may 
be dependent on the state of the membrane calcium which 
is probably located in a layer of iipoproteins'. In other 
“words, the resting state of the membrane will be the 
condition in which calehum ions are associated with the 
membrane, and the acting state, the condition m which 
these ions are dissociated from the membrane. This con- 
cept is supported by the recent findings that Pya/Px is 
markedly mereased when the membrane calcium is re- 
moved’. It is expected that the dissociation of the mem- 
brane calcium will be impeded when the concentration of 
calcium in the external solution is high, and accelerated 
when it is low or nullified. The membrane, therefore, will 
tend to stay in the resting state or acting state depending 
on the external concentration of caleium. Indeed. the 
excitable membrane is depolarized and often initiates 
action potentials spontaneously when the concentration 
of caleium in the external solution is reduced. Further- 
more, it has recently been found that the action potential 
of frogs pinal ganglion cells is markedly prolonged in 
Ringer's solution containing no calcium ions*, 

It is known that the action potential of various excitable 
tissues is prolonged under certain experimental conditions, 
and also that the depolarized membrane produces hyper- 
polarizing responses when anodal currents are applied. 
Tt is considered that these potentials are produced by the 
transition of the state of the membrane between two 
physicochemically stable states‘. If the two stable states 
of the membrane actually corre spond to the resting and 
acting states, it will be expected that the increase in the 

-external concentration of calcium will prevent the pro- 
longation of the action potential or prolong the hyper- 
polarizing response of the depolarized membrane. 

Load’s (Bufo vulgaris formosus} spinal ganglion with the 
dorsal root and sciatic nerve attached was used. The 
changes in the membrane potentials were recorded con- 

~tinnously with an intracellular microelectrode during 
which time the external perfusing solution was changed 
from Ringer’s solution to the control solution. The time 
needed for changing the perfusion solution was one-tenth 
of asecond. At the end of each experiment, the solution 
was. changed back to Ringers solution to ascertain 
reversibility. The technique of using a single intracellular 
microelectrode for both recording and stimulating was 
essentially similar to that deseribed elsewhere. 

Dts known that the action potential of ganglion cells 
is prolonged when tetraethy] ammonium (TEA) is partially 
or totally substituted for sodium in the external solution’. 
“The superimposed responses in record A (Fig. 1) were taken 
approximately 3 min after the external solution was 
changed from Ringer’s to the control solution (TEA- 
“ehloride 87 mM, potassium chloride 2-0 mM. caleium 
chloride 1-8 mM, potassium bicarbonate 0-5 mM and 
sucrose 55 mM). Immediately after the responses were 
recorded, the control solution was changed to a calcium- 
rich TEA solution (TEA-chloride 87 mM, potassium chlor- 
ide 2-0 mM, potassium bicarbonate 0-5 mM and calcium 
chloride 20 mM whereupon the prolonged potential was 

rapidly shortened. As seen in record B, 5 responses were 
superimposed at intervals of 2 sec: 

As Tasaki* has demonstrated, barium ions markedly 
prolong the action potentials of cells. Record C shows 
such a potential of a cell during perfusion with barium 
solution (barium chloride 58 mM, potassium chloride 2-0 
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Fig. 1. Time marks: 60 cycles for all records except record H (1,000 

eyeles}. Voltage calibration : the vertical bar in record E represents 50 

mY calibration which is applicable to all records. Current calibration : 

the vertical bar in record C represents a calibration of 4 x 10-9 amp for 

records C and D, and thatin reeard F represents a calibration of 5 x 10-* 
arap for records E, F, Gand H 


mM, calcium chloride 1-8 mM, potassium bicarbonate 
0-5 mM and sucrose 55 mM). The response of the same 
cell shortened as soon as the barium solution was changed 
to a calcium-rich barium solution (barium chloride 58 mM, 
potassium chloride 2-0 mM, potassium bicarbonate 0-5 mM 
and calcium chloride 20 mM) as shown in record D in 
which 6 responses were superimposed every 2 seconds. 

The depolarized cell membrane in potassium-rich 
Ringer’s solution is capable of producing a hyperpolar- 
izing response during application of anodal currents’. 
The hyperpolarizing responses in a sodium-deficient 
potassium-rich solution, as a rule, abruptly returned to 
the initial depolarized potential level after the break of 
the anodal currents (duration: 20 msec), but in some 
cases showed a small plateau (step). Anelectrotonic 
potentials, induced by applying anodal currents ranging 
from 3x 10°° to 1x 10-8 amp, of a cell perfused for 5 min 
with a sodium-deficient potassium-rich solution (potassium 
chloride 40 mM, sodium chloride 48-5 mM, calcium 
chloride 1-8 mM, sodium bicarbonate 0-5 mM and sucrose 
55 mM) are shown in record #. In this case no plateau 
(step) formation could be observed following the break — 
of the applied currents. However, when a calcium-rich 
potassium-rich solution (potassium chloride 40 mM, 
sodium chloride 48-3 mM, calcium chloride 20 mM and 
sodium bicarbonate 0-5 mM) was substituted for the 
sodium-deficient potassium-rich solution, a plateau soon 
appeared lasting for about 150 msec after the break of 
the applied currents (record FF). Pinte 

A similar effect of calcium ions could be. observed when 
chlorine ions were completely replacec . Jata 
ions (records Gand H). In this experim 
tion was first: perfused with a potassium-r 
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solution (sodium glutamate 585 mM, potassium gluta- 
mate 30 mM, sucrose 55 mM, calcium chloride 18 mM 
and sodium bicarbonate 05 mM) for about 5 min and 
then with a calcium-rich solution (sodium glutamate 58 5 
mM, potassium glutamate 30 mM, calcium glutamate 20 
mM and sodium bicarbonate 05 mM). The electrotonic 
potentials taken immediately before and approximately 
30 sec after ın the caleium-rich solution are shown in 
records G and H, respectively 

These experimental results support the concept that 
the two stable states are the states in which the 
membrane calcium 1s either associated with or dissociated 
from the membrane’ Presumably, the prolonged action 
potential 1s produced when. the state of dissociation of the 
membrane calcium 1s sustamed, and the hyperpolarizing 
response 18 produced when the association of membrane 
calerum takes place 

This work was supported by the Institute of Neuro- 
logical Diseases and Blindness, National Institutes of 
Health grants NB 01650-05 and NB 03141-02 
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Site of Action of Aldosterone on the 
Bladder of the Toad 


THE active transport of sodium by the urmary bladder 
of the toad, Bufo marinus, 1s mereased when the animal? 
or the membrane itself?-4 ıs treated with aldosterone 
Antidiuretic hormone also increases active sodium trans- 
port by the isolated toad bladder’ , this hormonal stmmu- 
_lation has been ascribed to a facihtated passive movement 
of sodium from the meubation solution on the mucosal 
side mto the epithelial cells of the membrane , as a result, 
there 1s an crease of that fraction of tissue sodium con- 
cerned with the transfer of this 1on across the preparation 
Hence the acceleration of the active extrusion of sodium, 
at the serosal border of the epithelial cells, can be taken 
as a mere consequence of an mcreased concentration of 
substrate—namely sodium—made available to the 
‘pump 

An experimental approach among those devised by 
Frazier, Dempsey and Leaf? for the elucidation of the 
action of antidiuretic hormone on active sodium transport 
by the isolated toad bladder was adopted in order to 
obtam mformation concerning the site of action of aldo- 
sterone 

Two subcutaneous injections of 50 pg di-aldosterone-21- 
acetate, dissolved in 005 ml ethanol diluted to 0 25 ml 
with frog Ringer solution, were administered to toads, 
Bufo marmus, 16 and 4 h before death After pithmg, 
both bladder halves of each toad were dissected and 
mounted between conical ‘Lucite’ chambers (mner diam 
20 mm) according to Ussing and Zerahn’ In a first 
series of experiments, incubation was carried out in frog 
Ringer fluid m which sodium was replaced by chohne 
After 15 min part of this sodium-free solution on the 
mucosal side was removed and frog Ringer fluid contain- 
ing tracer amounts of sodium-22 was mtroduced on that 
side The membranes were maintamed short-circuited for 
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90 mm, measured samples of incubation fluid on either 
side of the preparation were collected immediately before 
removal of the tissue which was blotted, care being taken 
not to contaminate one surface with the solution on the 
other side Bladder tissue was weighed m tared tubes 
before and after drymg overnight at 95°C Radioactivity 
in the tissue and the mncubation fluid was determined, and 
the amount of sodium-22 per unit tissue water was 
expressed as a function of the concentration. of this radio- 
isotope on the mucosal side The final concentration of 
sodium ın the solution on that side was measured by flame 
photometry The pertinent results are given in Table 1, 
each value is the average of 4 determinations Mean 
short-circuit current and tissue labelling with sodium-22 
were increased when the toads had been treated with 
aldosterone, mostly at the higher concentration of sodium 
used 


Table 1 INFLUENCE OF ALDOSTERONE ON ACTIVE SODIUM TRANSPORT BY 
THE ISOLATED TOAD BLADDER AND ON TISSUE LABELLING WITH SODIUM-22 


Membranes from Membranes from 
untreated toads toads treated with 
aldosterone 
(1) Serosal surface exposed to choline~Ringer fluid 


Concentration of sodium 


on mucosal side (mM f1) 151 40 8 145 415 
Short-ciurcuit current* 

(vamp) 6 5 18 28 
Tissue labellingt 18 72 10 98 22 84 18 46 

(WSE) + 442 + 222 + 382 + 294 

(2) Serosal surface exposed to sodium~—Ringer fluid 

Concentration of sodium 

on mucosal side (mM fI} 100 400 10 0 400 
Short-cirew$ current* 

pamp 33 47 91 106 

Tissue labellingt 7 57 6 00 20 00 21 88 

(%+4S#) + 0 25 + 053 + 494 + 649 


* Average value of the last 30-min periods of ineubation 
t Concentration of sodium-22 1n tissue water relative to that on the 
mucosal side 


In view of the modesty of the short-cireuxt current—a 
quantitative expression of net sodium transport, even 
under such experimental conditions*—a similar number 
of investigations was performed on membranes the serosal 
surface of which was exposed this time to the usual frog 
Ringer solution, contaming sodium , furthermore, mcuba- 
tion was interrupted after 45 mim, which period of time 
is still amply sufficient for equilibrium to be reached 
between the ‘active sodium transport pool’ of the prepara- 
tion and the solution on the mucosal side**® In these 
circumstances, the behaviour of the untreated membranes 
was more satisfactory , the marked increase of sodium 
transport as well as that of bladder tissue labellmg as a 
result of aldosterone treatment are thereby rendered more 
meaningful (Table 1) 

Although quite different ın ther characteristics, the 
effects of antidiuretic hormone and aldosterone on active 
sodium transport by the isolated toad bladder are addı- 
tivel? The mfluence of this hormonal combmation was 
therefore examimed with regard to the size of the tissue 
sodium pool concerned with the active transport of this 
ion Experiments were carried out on paired bladder 
halves, one of which meubated as just described while 
the matched membrane was exposed simultaneously to 
125 mu/ml vasopressm (‘Pitressin’, Parke, Davis and Co ) 
It appears from Table 2 that antidiuretic hormone regu- 
larly mereased active sodium transport and tissue water 
labelling with sodrum-22, as has been reported by Frazier 
et alë, this occurred even when the membranes were 
under the stumulating mfluence of aldosterone 

These results thus are compatible with the interpreta- 
tion that aldosterone stimulates the active transport of 
sodium by the epithelial cells of the toad bladder at least 
in part because this hormone exerts on the mucosal border 
of these cells an influence such that the amount of sodium 
delivered to the ‘pump’ 1s increased Indeed, the amount 
of sodium drawn into the tissue from the mucosal side 
was found to be increased at the time of an accelerated 
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Table 2 INFLUENCE OF ALDOSTERONE AND VASOPRESSIN ON ACTIVE 
SODIUM TRANSPORT BL THE TOAD BLADDER AND ON TISSUE LABELLING 
WITH SopIum-22 


Animals treated with aldosterone 

Paired membrane 
exposed to 
vasopressin 


Untreated ammals 

Paired membrane 
exposed to 
vasopressin 


Control membrane Control membrane 


vamp* labelling} vamp* labelling} zamp* labelingt “amp* labellingt 
55 83% 136 99% 80 10 4% 145 15 3% 
25 48% 63 80% 83 13 2% 136 14 3% 
95 12 2% 215 258% 80 14 2% 121 151% 
181% 224 181% 


* Mean short-circuit current du:mg the last 30-min period 

t Concentration of sodium-22 im tissue water relative to that on the 
mucosal side of the membrane The total concentration of sodium on that 
side was 25 mM /] for this seres of incubations 


rate of transfer of sodium across the epithehal cell layer 
In this respect, the mfluence of aldosterone resembles that 
of antidiuretic hormone, and both hormones actually 
combine their effects on this presumably passive albeit 
carrier-dependent® transfer of sodium across -the cell 
mucosal border How aldosterone facilitates this transfer 
and whether 1t acts m addition on the ‘pump’ directly 
are still unanswered questions 

This work was supported by the Fonds de la Recherche 
Scientifique Médicale Belge (grant No 344) Aldosterone 
was kindly provided by Ciba, Basle, Switzerland, and 
‘Pitressin’ by Parke, Davis and Co , Bornem, Belgium 
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Mesial Surface of the Brain and Genital 
Function 


Work on the mesial surface of the cortex has produced 
conflicting observations on the part played by the cingulate 
gyrus m behaviour Smuth!:*, Ward? and Glees et al + 
reported that cingulectomy produces profound changes in 
the social and emotional behaviour of monkeys and similar 
observations have been made by Kennard‘ on the cat In 
contrast, Pribram and Fulton? and Mirsky et al? have 
observed. little or no permanent effect followmg bilateral 
ablation m the monkey and this conclusion has been 
supported by investigations on the catb? 

Our observations have been restricted to sexual 
behaviour Adult rhesus monkeys (Macaca mulatta), two 
males and two females, were used in, the investigation and 
were observed over a period of eighteen months They were 
caged individually and their sexual activity was assessed 
by caging the mating pairs together for half an hour each 
day for thirty consecutive days In the pre-operative 
control phase copulation occurred daily for the period of 
the assessment m each pair and was unaffected by the 
female cycle 

Cingulectomy (areas 23 and 24) was performed through 
a fronto-panietal craniotomy The dura was reflected 
toward the midline and the gyrus was approached by 
retraction at the sensory cortex The ablations extended 
to the sensory cortex of the mesial surface, particularly n 
the second animal 

In the first male the operation was carried owt in two 
stages No impaument of locomotion was produced by 
the nght-sided ablation but an mabihty to gup with the 
right hind-lumb followed the left-sided craniotomy The 
sexual activity of the animal was assessed from the thud 
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post-operative day ofeach operation Copulation occu ed 
daily for a period of thirty days m each case, although the 
animal had some difficulty in maintaming the position due 
to the impairment of grip Bulateral carotid angiography 
was normal The female gave birth to a normal healthy 
monkey twenty-nine weeks after the first stage and 
eighteen weeks after the second stage Copulation con- 
tinued to within twelve weeks of the delivery 

In the second male the ablation was carried out in a 
single stage, a total paraplegia was produced The 
female was caged regularly with the male from the third 
post-operative day During the stage of total paraplegia 
erection was not impaired, but as the animal was unable 
to adopt the copulatory position ejaculation did not occu 
With some recovery m the paralysis, daily copulation 
occurred and was mamtamed for a period of thirty 
days even though a considerable motor deficit was 
present 

These mvestigations suggest that the emgulate gyrus 1s 
not essential for sexual performance in the monkey and 
would support the observation of Pribram et al *.7 that the 
gyrus 1s not intimately concerned ın emotional behaviour 
The paralyses of the hind limbs, produced by the lesions 
extending to the somatic area 1, were accompamed by 
normal sexual activity This observation would be in 
accord with the conclusions of MacLean and his 
associates*-!! from work on the squirrel monkey (Samiri 
sciureus), that the somatic and autonomic aspects of 
genital function may be mtegrated by subcortical systems. 
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Uptake of Tritiated Aldosterone by Rat 
Tissues 


As Tant eż al 1 have pointed out, the half-life of aldoster- 
one m plasma does not reflect metabolism alone The 
calculated ‘volumes of distribution’ for the body com- 
partments exceed that of total body water, suggesting that 
aldosterone 1s selectively taken up by some region of the 
body? The work recorded here shows that imyected 
tritiated, aldosterone 1s unevenly distributed m the various 
tissues, that the rate of its disappearance from the tissues 
varies, and that m the liver the radioactivity 1s found 
predommantly m the supernatant fraction 

Male Holtzman rats, 275-300 g, maimtamed on a 
synthetic diet with a constant daily intake of sodium and 
potassium were used throughout Four mucrocuries of 
chromatographically pure 1,2-?H-d-aldosterone (100 me f 
mg) in 2 ml. of 5 per cent glucose were injected mto the 
tail van Groups of rats, consisting of four animals, were 
kiied by decapitation at imtervals after myection of 
5, 15, 30, 60 and 90min A sample of blood was collected 
The tissues (heart, lung, muscle, spleen, mtestine, aorta, 
brain, adipose tissue, kidney and lve r) were mmediately 
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removed, dropped into ice-cold 0 25 M sucrose and allowed 
to chill. They were then blotted, weighed, finely minced, 
and homogenized in 25 ml of 025 M sucrose/g tissue 
Blood was hemolysed by allowing ıt to stand with ten 
times 1ts volume of cold de-ionized water A portion of 
each homogenate was extracted with 75 volumes of 
dichloromethane The various extracts were analysed for 
aldosterone by a slight modification, as described by 
Ayers et al *, of the double isotope derivative assay 

The total dichloromethane-soluble radioactivity of each 
tissue was determimed by extracting 3 ml of the homo- 
genate with 75 volumes of dichloromethane, drying the 
extract with a stream of air, tiansferrmg the material to 
counting vials, adding 5 ml phosphor, and counting in a 
hquid scintillation spectrometer Suppression of counts 
by the chromogens in the tissues was corrected by adding 
a known amount of tritiated toluene to each sample, 
recounting, and determmmg i1ecovery When a known 
amount of tritiated aldosterone was added to unlabelled 
homogenates and analysed by the foregomg procedure, 
98 per cent of the added radioactivity was recovered 

To determme the mtracellular distribution of mjected 
aldosterone ın the liver, 20 pe of tritiated aldosterone m 
2 ml of 5 per cent sucrose were injected mto the tail vems 
of rats fasted overnight Fifteen min after injection, the 
rats were killed by decapitation The hvers were perfused 
on stu with cold 0 9 per cent saline, immediately removed, 
and the subcellular components isolated by ultracentri- 
fugation in a Spinco model L preparative ultracentrifuge 
according to the method recommended by Hogeboom? 
Nuclei were isolated by the method of Chauveau’ 

The histological distribution of radioactivity was shown 
in these rats by autoradiography Sections of bram, heart, 
aorta, duodenum, spleen, liver, kidney, skeletal muscle 
and skm were quick frozen using acetone plus dry ice 
With a cryostat at — 20°C, sections 8u thick were cut, 
mounted on slides, and dred The stripping film technique 
of Fitzgerald et al 5, using Kodak “AR 10 film’, was followed 
to film the slides The shdes were then sealed in dark 
boxes contamimg calcrum chlorido and kept at 5° for 21 
days ‘The film was developed in D19 developer (Eastman 
Kodak) for 7 mm at 18° and fixed ın acid fixer After 
washmg m running tap water for 10 mm, sections were 
stamed with Harris hematoxylin Only areas showing a 
giain density much above background were considered 
indicative of the presence of radioactive material 

The average results on the disappearance of dichloro- 
methane soluble radioactivity from rat tissues are shown 
m Table 1 Five minutes after myection of tritiated 
aldosterone, radioactivity was more concentrated m the 
Indneys, heart and lungs than m blood Fifteen mm 
after myection, all tissues investigated with the exception 
of brain and adipose tissue had a higher concentration of 
radioactivity than blood 

Tritiated aldosterone plus 1ts dichloromethane-soluble 
metabolites disappeared logarithmically with time for 60 
min from blood, kidney, heart and muscle After an 
mitial uptake period of 15 min, they also disappeared 
logarithmically from spleen, lung, aorta and brain The 
uptake of radioactivity by the adipose tissue was slower 
than by the other tissues The maximum concentration 
in this tissue was 30 mm after injection The level of 
radioactivity m the small mtestine, although as high 
initially as most of the othe: tissues, did not decrease over 
the first 60 min 

The distribution and disappearance of tritiated aldo- 
sterone were determined in blood, kidney, heart, lung, 
duodenum, bram and hver They were shown to be 
closely related to the distribution and disappearance of 
dichloromethane extractable radioactivity m all tissues 
investigated. other than the iver In other words, most of 
the lypid-soluble radioactivity was present as tritiated 
aldosterone rather than 1ts metabolites 

By preparative ultracentrifugation of liver homogenates 
obtained from four rats 15 min after injection of 20 pc 
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Table 1 DICHLOROMETHANE EXTRACTABLE RADIOACTIVITY IN RAT TISSUES 
AFTER INJECTION OF TRITIATED ALDOSTERONE* 


Min after eon 


5 15 0 60 90 
Blood 1,017 845 381 824 164 
Kidney 3,232 2,609 1,848 788 809 
Heart 1,490 1,248 802 427 217 
Muscle 1,027 913 650 524 237 
Spleen 1,007 1,053 677 341 172 
Aorta 874 96 512 356 184 
Lung 1,127 1,349 747 384 335 
Liver 954 1,476 1,321 537 513 
Duodenum 1,028 966 1,008 1,076 803 
Brain 272 397 29 179 161 
Fat 160 228 446 102 372 


* Results are expressed as the mean level of radioactivity in tissues from 
jour animals in ¢ p m jg tissue 


tritiated aldosterone, 70 per cent of the dichloromethane- 
soluble radioactivity present was shown to be m the 
supernatant fraction The nucle, mitochondria, mucro- 
somes and cellular debris each contamed approximately 
7 per cent of the radioactivity m the total homogenate 
Preliminary mvestigations of the histological distribu- 
tion of radioactivity im the tissues using autoradiography 
mdicate that aldosterone ıs localized m the tubular 
epithehal celis of the kidney, along the muscle fibres both 
m skeletal and cardiac muscle, m the alveolar walls of the 
lungs, and ın the parenchymal cells of the liver 
Although the role of aldosterone m the renal re-absorp- 
tion of sodium has been examined most extensively, other 
investigations mduicate that aldosterone 1s also mvolved. 
in sodium and perhaps potassium transport in extrarenal 
tissues It lowers the sodium/potassium ratio m the sahva, 
sweat, and the secretions of the gastromntestinal tract of 
adrenalectomized anunals*. Renkema et al 7 demonstrated. 
that the intestine of cows 1s involved mn the excretion and 
retention of ingested sodium Moll and Koczorek® found 
that admiustration of aldosterone resulted m an mereased 
absorption, of sodium by the duodenum This effect was 
mhibited by aldosterone antagonists These observations 
suggest that circulating aldosterone influences the trans- 
mucosal transport of sodium ın the mtestme Perhaps the 
maintenance of a high level of mjected aldosterone by 
both the duodenum and the kidney 90 min after mjection. 
as compared with the other tissues 1s a 1eflexion of 1ts 10le 
m sodium transport in these tissues 
The slow rate of concentration or binding of aldosterone 
by fat as compared with the other tissues 1s interesting- 
Parra and Reddy’ suggested that the mechanism by which 
fat accumulates cortisol 1s a solubilty phenomenon rather 
than the essentially physical phénomenon of protem 
binding Our results also suggest that the mechanism by 
which-fat accumulates aldosterone 1s different from that. 
occurring m other tissues 
The appearance of tritiated aldosterone m biam shows 
that the blood-bram barrier 1s, to some extent, permeable 
to aldosterone 
This work was aided by US Public Health Service 
grant HE-08371 and a grant from the Mississippi Heart 
Association 
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Vitamin Bs as an Antidote against the 
Rodenticide ‘Castrix’ (2-Chloro-4-methyl-6- 
dimethylaminopyrimidin) 

THe ‘Castrix’ molecule (2-chloro-4-methyl-6-dimethyl- 
aminopyrimidin)!? resembles the vitamin B,-antagonist 
toxopyrmmuidin In rodents poisoned with this rodenticide 
the, symptoms are an muitial depression followed in 40-60 
mmn by a ‘search and flight reaction’, spasticity, and tonic- 
clonic seizures, often with tongue-bite Sound and touch 
aggravate the severity of the seizures, which may end with 
death from respiratory failure, dependent on dosage 
Survival for more than 5 h usually results in total recovery 
withm 24h As these symptoms are almost identical with 
those seen after administration of certam carbonyl trap- 
ping agents and vitamin B,-antagonists?-* we tied 
vitamin B, as an antidote 

A total of 540 mice were used for the experiments In 
the strain of mice utilized the DD,;, of ‘Castrix’ when 
administered subcutaneously was 1 3 mg/kg m males and 
1 1 mg/kg in females On oral admimistration the LD,, 
was 1 2mg/kg m female mice. 

In all experiments pyridoxin, pyridoxal or pyridoxal 
phosphate was administered subcutaneously in a dosage of 
25 mg/kg, which dosage was chosen arbitrarily Mice 
injected subcutaneously with twice the DD,, of ‘Castrix’ 
showed no symptoms when pyridoxin was imyected 
simultaneously with the ‘Castrix’, while untreated con- 
trols showed almost 100 per cent mortahty In another 
experimental series ‘Castrix’ was injected intraperitoneally 
at a dosage of 25 mg/kg The first muscular symptoms, 
spastic gait and raised tails, appeared in about 30 min, at 
which time half the ammals were treated with pyridoxin 
Among the treated animals no seizures were seen, and all 
symptoms of toxicity disappeared withm 10 mın All 
mice in the control group died within 90 mın = Pyridoxal 
and pyridoxal phosphate were found to have the same 
effect as pymdoxin, while thiamine, nicotinamide, rmbo- 
flavin, glutamic acid, and pyruvic acid had no effect The 
last two compounds were tested both separately and in 
combination 

As a further test of the antidotal effect, the LD5 was 
determined in 125 female mice pretreated with pyridoxal 
immediately before the intraperitoneal myection of 
‘Castrix’ In these circumstances the LD,, was found to 
be 137 mg/kg At this high dosage no epileptiform 
seizures were seen. The only symptoms were somnolence, 
prostration, and a slight opisthotonus preceding death 
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Amphotericin B in the Chemotherapy of 
Experimental Schistosomiasis mansoni in 
Swiss Mice 


Es May 1963, Gordon, St John and Olsen? reported the 
prolongation of hfe m Swiss mice experimentally infected 
with a Puerto Rican stram of Schistosoma manson, when 
treated for 5 days with ‘Fungizone’ (amphoteric B made 
soluble with deoxycholate, E R Squibb) In the fore- 
gomg experument, treatment began at a level of 05 mg 
of ‘Fungizone’/kg body-weight of mouse a day The 
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dosage was increased m two daily increments of 0 5 mg/kg 
to a final level of 1 5 mg/kg a day, which was maintained 
for three days Treatment began twelve weeks after 
infection (approximately 6 weeks after the parasite had 
begun producing ova) By one week subsequent to the 
termmation of treatment, 80 per cent of the untreated 
but only 27 per cent ‘of the treated animals had died 
A x? test showed that the expermental results fit to a 
confidence limit of 98 per cent the hypothesis that treat- 
ment mfluenced survival 

The work described here was undertaken to demonstrate 
whether the observed prolongation of life was due to a 
reduction in the number of worm pairs per mouse (that 
1s, a reduction of infection-level due to treatment with 
‘Fungizone’) 

The mice used mm this experrment were stram CD-—1 
Swiss, obtamed from Charles River Breeding Laboratories, 
Inc The snails used to obtain cercariz were laboratory- 
reared Australorbas glabratus, obtaimed from several 
sources Both the snas and the parasites were of Puerto 
Rican origin 

Large numbers of snails were mduced to shed cercarne 
by placing them m artificial pond water, in a shallow 
‘Pyrex’ baking pan, and exposing them to a fluorescent 
lamp at close range By this method, a concentration of 
100 cercarie/ml was obtamed 

Mice were infected by mtraperitoneal injection of l ee 
of the above-described cercarie-water per mouse Treat- 
ment with ‘Fungizone’ began 13 days after mfection 
Treated animals comprised four groups, recervmg daily 
doses of 1 0, 1 5, 2 0, and 2 5 mg of ‘Fungizone’/kg mouse 
for 40 days A fifth group received no treatment of any 
kind subsequent to fection Treatment im all groups 
began at the 0 5-mg/kg level and mcreased in daily mere- 
ments of 05 mg/kg until the final levels were reached 
For the first seven days, all treatment was intravenous, 
thereafter intraperitoneal The ammals were killed within 
five days after terminating the treatments The individual 
infection-levels of all animals were determmed by counting 
the number of viable worms per mouse ‘The worms in 
the mesenteric venules were counted by carefully search- 
ing these structures at a magnification of ten times with 
a dissecting microscope Those which remained in the 
liver were counted by crushing this organ flat between 
two glass plates and carefully searchimg at a magnification 
of 10 timmes No parasites were found associated with any 
other organ or system of the mice. 

Statistical methods by which treatment groups were 
compared included a one-way analysis of variance for 
unequal sample,sizes, and a calculation of the value of 
Student’s « for each treatment group compared with the 
group that received no treatment. 

Table 1 presents the treatment groups and the mean 
number of worms per group (that 1s, mean infection-level 
per group) with the standard deviation of each group 
mean 


Table 1 
Group Daily dosage No mice Meanlevel Standard 
No ‘Fungizone’ ingroup infection deviation 
A none 11 327 16 9 
B 1 0 mg/kg 12 308 20 2 
C 15 mg/kg 19 18 9 114 
D 20 mg/kg 9 181 97 
E 25 mg/kg 10 146 64 


An analysis of variance comparing the infection-levels 
for all groups is presented m Table 2 


Table 2 
Source of Degrees of Sum of Mean square 
variation freedom squares (variance estimate) 
j] Suman = 
Between samples (5-—1)=4 7 A MSB=2SE 756 435 
Error {61-—5) =56 (SSE) SSE _ 
Total (61—-1)=60 138,331 41 
F MSB 756 435 401 





= MSE 184048" 
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oa at 4 degrees of freedom and the 
or at 56 degrees of freedom, at the 99 per cent 
ience-level, F ~ 3-7. Therefore, variance due to treat- 
i : significantly greater than the individual variance 
n each group. 

rder to demonstrate which groups are responsible 
ne observed group variance, values of Student’s ¢ 
aring the mean infection-level of each group with 
t of the untreated group were computed and are 
sented i in Table 3. 





Table 3 
Confidence 

Group No. Student’s t limits (%) 

A pennen 

B 0-24 (1020) 

C 2°68 FEIRE 

D 220 (05-98 

E 218 (99-0-99-9) 


Pe From the foregoing analysis of variance and computa- 
tion. of Student’s t the following inferences can be drawn : 
(1) treatment with ‘Fungizone’ effectively lowers the level 
of infection of treated animals below the infection level 
of untreated animals; (2) 1-5-2-5 mg/kg administered in 
oa daily series of 40 injections represents an effective range 
of therapy ; (3) no significant effect was observed using 
-~ — LO mg/kg a day for 40 days. 
The reduction of the mean number of worms per mouse 
ee (mean infection-level) in mice treated with 1-5-2-5 mg/kg 
-ooo *Fungizone’ a day undoubtedly explains the earlier cbser- 
-vations by Gordon, St. John and Olsen that treatment 
with ‘Fungizone’ significantly prolongs the life of infected 
animals. 

The two types of observations suggest to us that 

- amphotericin B is an effective agent in the chemotherapy 

of experimental Schistosomiasis mansoni in the Swiss 
es “mouse. 
-Since the agent has been pharmacologically character- 
ee ized in man in the treatment of disseminated myeoses, 
OWE suggest its use in clinical trials to determine its sffec- 

ee tiveness in the treatment of human schistosomiasis. 
This: work was supported in part by training grant 
o - BT1-GM-883-04 (U.S. National Institutes of Health), 
grant. G-17737 (U.S. National Science Foundation), and 
a grant from the Squibb Institute for Medical Research, 
|. New Brunswick, New Jersey. Wo also thank Prof. 

Edgar Zwilling for advice. 

ea BENJAMIN L. GORDON 
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ction of Puffer Fish Poison 

Tetraodontoidea) is an important cause 
in China and Japan. Murtha et al.* 
poison acts centrally and peripherally 
Y spiratory and neuromuscular paralyses. They 
d as “proof of its central action the more rapid onset 
sspiratory depression when the toxic extract was in- 
ed into the carotid artery than when if was injected 
travenously. This is disputable because the carotid 
tery normally supplies blood to the cerebrum while the 
‘ain stem is supplied by the basilar artery*. Secendly, 
peripheral neuromuscular paralysis as described by 
tha et al? appears to be a late effect because the 
mission in the phrenic nerve diaphragm preparation 
in their experiment was not blocked until 20-30 min after 

ificial respiration was resorted to for the respiratory 





the present; investigation the crude extract of liver 
na puffer fish, prepared as described by 
oto and Migitet, was separated chromatographic- 
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ally into three fractions. The fraction with. the highe st Ae o 
was found to increase the contractility of isolated rabbit. — 
gut preparation, and the fraction with the lowest Rr in- — Pen 
hibited this action. The middle fraction with Rr about ~ 
0-26 was proved to be the toxic fraction when injected — 
into animals. In mice, the intraperitoneal MLD of the 
toxic fraction was 3:08+0-06 ug/100 g body-weight, as 
computed from the probit-log dose relationship.: = 

A progressive arterial hypotension is a constant. feature 
in rats given the toxic fraction irrespective of the do 
This was also found in dogs and cats. after ad: inis 
of extract of puffer fish?. In the rat adm 
small sub-lethal dose produced hypotension onl 
respiratory or other apparent changes ; therefore, i 
that this is an independent action. Preliminary investi 
tion showed that cardiac output as measured with a 
cardiometer was unaffected, which suggests that hypo- ae 
tension is attributable to direct action of the puffer fsh 
toxin on peripheral blood vessels. Further lowering of 
diastolic pressure when the toxic fraction was given after 
injection of a ganglion blocking agent (tetracthylammon- 
ium bromide) supports the foregoing hypothesis. The 
administration of antihistamine (diphenhydromine) before 
injection of a sub-lethal dose of toxic fraction prevented 
the fall in blood pressure, therefore, the hypotension may 
probably be due to the histaminie action of the puffer fish 
toxin. The hypotension is unlikely to be due to autonomie 
effect because the pressure response to carotid occlusion 
or adrenaline was not affected by administration of the 
toxic fraction, and atropine did not influence the hypo- 
tensive effect. Infusion of noradrenaline following in- 
jection of toxic fraction maintained the arterial blood 
pressure at normal level for about 1 h. 

Large sub-lethal or lethal dose of toxic fraction caused 
respiratory depression in addition to hypotension.. When 
the lethal dose was large, the respiration stopped when 
the fall in blood pressure was still sight. The respiratory 
arrest occurred more rapidly when the toxic fraction was. 
injected into the subclavian artery (retrogradely via the - 
carotid artery) than when the same dose was injected 
into the carotid artery or a vein. When Evans blue was . 
injected into the subclavian artery of a rat the dye stained. 
the brain stem only, while injection of the dye into tho- 
carotid artery stained the cerebrum only. Therefore, the 
rat brain stem was supplied, as in other animals*, with 
blood from the basilar artery. Thus, the cause of death 
following a lethal dose of the toxic fraction appears to 
be respiratory arrest from central action of the toxin on 
the brain stem respiratory centres. The view is supported 
by the finding that intracisternal injection of the toxic 
fraction, in a dose which was non-lethal when given intra-: « . 
peritoneally, caused immediate cessation of respiration. 
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T anitoroty 


A Hæmagglutination Phenomenon between. 
Tanned Erythrocytes and Sera of Guinea Pigs 


In the course of experiments designed to examine the 
effect of serum on the streptolysin-S susceptibility. of | 
tanned erythrocytes‘, guinea pig erythrocytes treated with 
tannic acid in the cold were suspended in 1: 100 dilution. 
of fresh serum from tuberculous guinea pig. A. heavy. 
hæmagglutination appeared a few minutes. after mixing. 
No such heavy agglutination was observed “piber w th. 
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of settled ceils on the bottom of the tube ; 
: vt + +, intermediate settlings, 


heat-inactivated tuberculous serum or with fresh serum of 
“normal animals. These observations led us to further 
: investigations on this curious hemagglutination phenom- 
© enon, provisionally designated as ‘tanned erythrocyte 
 (TE-)agglutination’ to differentiate it from the Boyden’s 
antigen-antibody hemagglutination’. 
oee Erythrocytes from normal healthy guinea pigs, weighing 
-» 400-700 g, were used. Blood was. collected by heart 
> puncture in 1-2 vol. of modified Alsever’s solution and 
centrifuged. The packed red cells were washed 4 times 
in phosphate-buffered saline (pH 7-2) consisting of 10 vols. 
of 0-85 per cent saline and 1 vol. of 0-1 M phosphate buffer. 
The washed cells were finally suspended in buffered saline 
¿to the original volume. The preparation of tannic acid- 
treated erythrocytes was carried out in a cold room 
(2° +2°C). Two ml. of the washed erythrocyte suspension 
-were added to 40 ml. of 1: 10,000 tannic acid (J.P.) 
-diluted in buffered saline. The mixture was left for 30 
rin in the cold, then centrifuged, the cells washed 3 times 
pa buffered saline, and finally re-suspended to the original 
volume. Guinea pig sera were recovered after clotting 
< blood samples at room temperature. The tuberculous sera 
used were obtained frum guinea pigs infected, at least one 
< month beforehand, with 0-2-0-5 mg (semi-moist weight) 
of a human tubercle bacillus H37Hv grown on Sauton’s 
medium. Dilution of serum was made in buffered saline. 
For agglutination test centrifuge tubes (12 mm x 100 mm) 
re used, To the tube containing 4 ml. of a dilution 
o test serum was added 0-2 ml. of tanned erythrocyte 
suspension. The tube, after agitation, was placed at room 
emperature, and the readings made at 5-min intervals. 















berculous serum occurred, within 5-15 min after 
ing the cells and the serum, as coarse clumpings which 
peered into gross masses and then settled down 













é figures are the final readings taken 25 min after mixing the cells and the serum. 
—, negative: +, clumpings with little or no settlings ; +++ +, almost complete settlings ; +, + + and — 


As shown in Fig. 1, agglutination of tanned erythrocytes 
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The hemagglutination was graded by noting the gross amounts 


on the bottom of the tube. The reaction reached its end- 
point within 30 min. As shown in Table 1, the titrations 
of sera from tuberculous and normal guinea pigs for their 
TE-agglutinating capacity revealed that there were con- 
siderable differences between the individual serum speci- 
mens in the appearance of agglutination in relation to 
serum dilutions. Tuberculous serum No. 1 gave a titre 
of 1: 512, and the occurrence of the agglutination in- 
creased with increase of the serum concentrations. 
Tuberculous serum No. 2 gave more or less definite 
agglutination in all dilutions ranging from 1: 2 to 1 : 256, 
the grades of which were, however, quite irregular with 
respect to the serum concentrations. 

Other sera showed no agglutination up to dilution of 
1: 16 or 1 : 32 (inhibiting prozone), and only when further 
diluted beyond this point they leaused varying degrees 
of agglutination. It is worthy of note that the positive 
sera of the last group showed the maximum agglutination 
at dilutions of 1: 64 to 1: 128. It is interesting to note 
that the capaeity of the most normal sera to produce the 
hemagglutination wa» much weaker, as compared with 
that of the tuberculous sera. Further experiments carried 
out with tuberculous sera revealed that the TE-agglutina- 
tion was dependent on a number of variables; when 
the tanned red cells of guinea pig were replaced with 
the cells of sheep, goat, ox, rabbit, rat, mouse or chicken, 
no hemagglutination occurred, while those of horse, pig, 
man or cat were more or less sensitive to the agglutination. 
Tanning of red cells should be carefully carried out in the 
cold (0°-5° C), and no consistent results were obtained with 
the erythrocytes tanned at higher temperatures. The 
TE-agglutinating activity of the serum was completely 
annulled by heating it at 56° C for 30 min, and the lost. 
activity of the heated serum was not restored by the 
addition of fresh serum of normal animals. The activity 
was non-dialysable and not affected by pretreatment with 
weak ammonia or zymosan. 

These results suggest that complement?" i is not involved 
here, Electrophoresis investigations indicated that the _ 
TE-agglutinating activity of the guinea pig serum. aS 
present in y-globulin fraction. In addition, : 
found that the ‘inhibiting prozone’ demonstrated 
titration tests could be easily removed by a single. 
pretreatment of the serum with tanned eryt 
resulting in a marked enhancement or an- unm 
the serum capacity to produce the ‘TI 
From all these resulis it was supp 
least two factors in guinea pi 
capable of agglutinating a 
agglutinator, | ‘the: othe ae r being. capable of 



































-~ agglutination, that is, inhibitor, and we are at present of 
_ the opinion that a strongly positive TE-agglutination test, 
-as was observed on the tuberculous guinea pigs in this 
Investigation, may be an indication of a disturbed state 
of serum in its ‘agglutinator-inhibitor’ relation. 
‘This work was supported in part by grant C-6133,1962, 
from the U.S. National Institutes of Health. We 
thank Prof. H. Okamoto, Department of Pharmacclogy, 
“School of Medicine, Kanazawa University, for his advice. 
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HISTOLOGY 


A Unique Pattern of Localization within 
the Cerebellum 


Ir has been generally accepted that the microscopic 
structures of the individual layers of the cerebellum are 
invariant in all animals. For example, Kappers st alẹ 
 -gtate that “different cytoarchitectonie regions, such as are 
demonstrable in the various areas of the cerebral cortex, 
are not present in the cortical portion of the cerebellum”. 
This absence of localization of histological structure has 
‘been a hindrance to research in view of the known local- 
© -ization of function in different regions of the cerebellum. 
During the course of certain experiments in this lab- 
oratory it was noted that there was a microscopically 
observable difference in the ‘staining’ intensity in the 
histochemical test for the enzyme 5’-nucleotidase between 
the anterior and posterior portions of the cerebellum in 
mice. This difference was found in the molecular layer 
(Fig. 1). Mierodensitometry indicated a 2-fold difference 
jm activity between the two portions. The enzyme was 
> demonstrated by a modification of Naidoo’s* method, 
using 10u thick cold-microtome sections. In coronal 
< section, on the other hand, the enzyme was seen to be 
: distributed in a series of bands which ran in an antero- 
posterior direction (Fig. 2). These bands were wider 
-| -posteriorly than anteriorly, thus accounting for the 
antero-posterior differences originally noted (Fig. 1). 
"This unique pattern was observed in mice of all ages 
from 11 days to 13 weeks but not of 4 or 7 days of age. 









A -Paramedian section of cerebellum of 8-week-old mouse showing 
. 5-nuclectidase activity (no counter stain). (x e. 15) 
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Coronal section (slightly oblique) of cerebellum of S 
x 6,19): 


Fig. 2. 
mouse showing the banded distribution of the enzynre. 


There were no sex differences and no such distributional 
pattern was seen with any of 16 other enzymes examined. 

The significance of this discovery is not immediately. 
apparent. The transition between the two zones occurred. 
at the apex of the folium immediately posterior to the 
fissura prima in all the mice examined. The increased _ 
enzyme activity of the zone is present right up to the .. 
posterior margin of this layer in the roof of the ath 
ventricle. It. therefore does not differentiate paleocortex 
from neocortex, and in consequence it must be supposed 
that it has little or no phylogenetic significance. i 

Ontogenetically it would suggest that the posterior wall 
of the fissura prima is to be included in the anatomically 
anterior portion of the cerebellum, and that.any functional 
differences between anterior and posterior terminate not 
at the base of the fissura prima, as might be supposed, 
but caudal to it. 

The significance of the antero-posterior banding is not 
known. : 


T. G. Scorr. 


Department of Neuropathology, 
National Hospital for Nervous Diseases, 
Queen Square, W.C.1. 


i Kappers, ©. V. A., Huber, G. ©., and Crosby, E. C., The Comparative 
Anatomy of the Nervous System of Vertebrates including Man, 1, 698 {New 
York, The Macmillan Co., 1936). 


* Naidoo, D., J. Histochem. Cytochem, , 10, 421 (1962). 


Histochemical Reaction for Steroid-38-ol- 
dehydrogenase in the Interrenal and the | 
Corpuscles of Stannius of Anguilla anguilla 
and Conger conger 3 


Since Giacomini’s! demonstration that the interrenal 
tissue of the ‘head-kidney’ in teleosts is embryologically 
and anatomically independent of the corpuscles of Stan- 
nius, doubt has remained as to the participation of these 
corpuscles in the production of corticosteroids. | 

Phillips and Mulrow® and Nandi and Bern? have given 
direct evidence for the secretion of these hormones by the 
interrenal tissue. Ford‘ did not manage to identify corti- 
costeroids in extracts of corpuscles of Stannius in the 
pacific salmon, Oncorhynchus nerka, just as Phillips and 
Mulrow® had shown that in vitro cultures of the corpuscles” 
of Stannius from Pseudopleuronectes americanus, incubated 
in the presence of tritiated progesterone, lack the car Acity 
to synthesize adrenocorticosteroids. 






The latter res 
show indirectly that the enzymes responsible for 
genesis are absent from the corpuscles of Stann 





In order to obtain direct, proof of the absence of 
steroidogenesis in this gland, we have carr ed ou to- 
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Fig. 1. Cross-section of the "head-kidney’ of Anguilla anguilla. The 
cords of interrenal cells are scattered in the wall of the blood vessels 
{hematoxylin and eosin) 





Fig. 2. Cross-section of the ‘head-kidney’ of Anguilla anguilla, Positive 
reaction for steroid-38-ol-dehydrogenase in the interrenal cells: note the 
precipitation of granules of formazans 





Fig. 3. Cross-section of the corpuscle of Stannius of Anguilla anguilla 
(hematoxylin and eosin) 


Fig. 4. Cross-section of the corpuscle of Stannius of A ila anguilla. 
heaction for steroid-3f-ol-dehydrogenase: note the absence of the 
granular precipitation of formazans, Counterstaining with carmalum 


chemical reaction for steroid-38-ol-dehydrogenase, both 
on the interrenal tissue and on the corpuscles of Stannius 
from Anguilla anguilla and Conger conger, following the 
technique of Wattemberg*, modified by Levy et al.?*, 
This enzyme, which is responsible for the transformation 
of pregnenolone into progesterone, has been shown to 
be present only in the steroid-secreting glands of 
vertebrates*"|, 

The interrenal tissue, which is found along the blood 
vessels of ‘head-kidney’, consists of cords of cubical or 
cylindrical cells, arranged in the form of alveoli (Fig. 1). 
The corpuscles of Stannius, which are found on the ventral 
or dorsal surface of the kidney, are formed of alveoli of 
cylindrical cells, with very characteristic spaces in the 
middle (Fig. 3). The reaction for steroid-38-ol-dehydro- 
genase was positive only for the interrenal cells (Fig. 2), 
but was constantly negative in the corpuscles of Stannius 
(Pig. 4), 

The specificity in the location of this reaction has been 
further emphasized by the ubiquitous histochemical dis- 
tribution of the lactic-dehydrogenase, which, like the other 
enzyme, is DPN-dependent. 

Therefore it can be concluded that, while the function 
of a gland of steroid secretion is confirmed for the inter- 
renal tissus, this function is definitely excluded for the 
corpuscles of Stannius in Anguilla anguilla and Conger 
conger. | 

This investigation was supported by a research grant 
RG-6455 from the Division of General Medical Sciences, 
U.S. Public Health Service. 
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= RADIOBIOLOGY 


ination of Radiation-induced Mutation 
ates of Recessive Lethal Alleles in 
Be Saccharomyces | 
‘RING X-ray inactivation curves of haploid and 
strains of Saccharomyces, Latarjet and Ephrussi! 
first to suggest that radiation inactivation of yeast 
nay be caused by an induction of recessive and 
ant lethal mutations. Tho first evidence of X-ray- 
cessive and dominant lethal mutations was 
xy Mortimer? by means of tetrad analysis and 
ating experiments respectively. Recently the 
loci which may be induced by ultra-violet or 
itate to corresponding recessive lethal alieles 
the average mutation rate of these loci has 
y been estimated after taking into consideration 
tion by dominant lethal mutations and other 
ol -effects**. Although the mean mutation rates 
etermined in. different laboratories do show a good corre- 
pondence, they aremuch higher than ultra-violet.or X-ray- 
nduced mutation rates from auxotrophic to prototrophic 
onditions or vico versat, This striking difference in 
nutation rates demands a new independent investigation 
of the frequencies of radiation-induced recessive lethal 
mutations. If the estimated high mean mutation rates 
of recessive lethal mutetions do correspond with reality, an 
investigation of specific mutation rates of a number of 
individual loci should reveal certain loci exhibiting high 
— mutation rates. 


An attempt to determine radiation-induced mutetion 
‘ates of specific genes to recessive lethal alleles has been 
undertaken by comparing the survival rates of irradiated 
diploid. cells heterozygous for one recessive lethal allele 

(Sin) with those of diploid cells homozygous for the 
corresponding vital alleles (S,),). The mutation rate tm 
of a specific vital allele to a recessive lethal condition can 
be calculated using a general equation for cell inactiva- 
tión’: 






































m 
Sas =(1- D). H (1-4) (1) 


T] 1o survival rato of diploid cells heterozygous for one 
ecessive lethal allele is given by: 
a 1 - #) (1 — tm) 


g =. 


(2) 


(3) 


eterozygous for one recessive lethal 
were isolated from the diploid strain 241 
strain collection after irradiation with small doses 
per cent survivors) of X-ray or ultra-violet. Strain 
carrying no recessive lethal allele and therefore is 

e +/+. An induced heterozygosis fer one 
al mutation is recognizable by a 2 : 2 (cclony- 
colony-forming ability on conaplete 
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Fig. 1, tn-values were calculated, which show | 
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Table 1. SURVIVAL FREQUENCIES AND CALCULATED MUTATION-RATES OF 
For Saccharomyces STRAINS AFTER IRRADIATION WITH 85 KRADS X-RAYS 


No. of | Mutations. 
Frequency of — independent . rate ty, 


Genotype AVE bm, 
survivors (%)} determinations (+ -> 3) 


Strain 


241 

24iz-2 
2412-10 +/1 18: 
241-17 +/1 20° 


16 0-25 
3 O15 
3 (0-03) 


were prepared according to the method deseribed by Woo 
with minor modifications being applied. Ir 

survival frequencies after irradiation with 85 
are given for 3 X-ray-induced + /L-strains a 
parental strain 241. The. maximum m 
obtained was 0-25. The most sensitive 
2412-2, was chosen for an investigation 
dependence of tn. From the dose effect cu 





















increase with dose up to 85 krads (Fig. 2). 


Besides the 3 X-ray-induced +/l-atrains there 
also 5 ultra-violet-induced + /1-strains isolated, the X- 


sonsitivity of which was determined. None of these s 
proved to be more X-ray-sensitive than the parental + EEN 
strain. Two of the ultra-violet-indueed +/l-strains were _ 
also checked for their ultra-violet-sensitivity and compared. 
with the ultra-violet-sensitivity of the parental +/+- | 
strain. Although the results obtained in different ultra- meee 
violet experiments could not be reproduced very accur- 
ately the +/1-strains generally did show an increased ultra- 
violet-sensitivity. t,-values, tentatively calculated, were 
of the same range as those given in Table 1 for X-ray - 
experiments. 2 Mere een a ee 

Since it is of interest to know also whether homozygous 
+/+-strains with a significantly increased X-ray sensi- , 
tivity do occur, survival rates: after. irradiation with 85 = 
krads X-rays of several sub-clones isolated from strain 
241 were determined. The results obtained are in good 
agreement with those of the parental strain 241 
(Table 2). SORE Gy A oe 

As may be seen in Table 1 two out of three investi- > 
gated +/i-strains did show 4 significantly increased — 
X-ray sensitivity as compared with the values obtained for — 
the parental +/+ -strain. Mutation rates of 0-15 and 025. 
were calculated from these data. The occurrence of 
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ooe Fig. 2. X-ray dose dependence of ta caloulated from Fig. 1 with the 
in help of equation (33 


-extremely high mutation rates to recessive lethal alleles in 

_ Saecharomyces is thus confirmed. It must be taken into 

_ account, however, that the method used for obtaining 

_ heterozygous + /1-straing is highly selective for the 

-isolation of mutants with high mutation rates. Therefore, 

_ one has to expect that besides the observed highly mutable 

-groups of gones there are also others with definitely smallor 

< mutation rates to recessive lethal conditions. Although 

: radiation-induced recessive lethal mutations evidently do 

occur, definite evidence is still lacking that they play a 

< major part in killing of haploid cells. About possible 

_ reasons for the observed high mutation rates only specula- 

tions are possible. They may be caused by radiation- 

_. induced inactivation of especially long critical chromo- 

c Bome regions. 

oo Table 2. SURVIVAL FREQUENCIES OF SIX SUB-CLONES OF STRAIN 241 AFTER 

BER IRBADIATION WITH 85-KRADS X-RAYS 
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-~ Resorption of Necrotic Lens 

Newly Formed Lens Capsule in Certai 

Types of Cataract 

Tue formation of a new lens capsule by regenerated 
epithelial cells under a superficial area of necrosis has been 
described by several authors. It may easily be observed 
by means of optical microscopy in some senile cataracts 
or in localized traumatic cataracts after periodic acid- 
Schiff staining. z 



















Fig, 1. Senile cataract. Under a normal capsule, a necrotic area (on 

left) is separated from the normal epithelium (on right) by a newly 

formed capsule which is in continuity with the normal capsule {right 
upper corner) 
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y zo had the opportunity of observing tho same features 

perimental traumatic cataracts. 

‘his seems to be the interesting point of these electron 

microscopic observations. It explains the well-known 

-. localized. areas of the thickening of the capsule in cataracts, 

and the possible disappearance of some small superficial 

ees Sparitios of the lens. 
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Wounds and the Polarity of Implant-induced 
Accessory Urodele Limbs 


= Previous work! has established that xenoplastic im- 
: plants made into the limbs of larval and adult uroceles 
would initiate the formation of accessory limb structures 
ae and, further‘, that the position of the superficial wound 
> used for insertion of the implanted material seemed to 
-= have a very decided effect on the stimulus-responso 
system. The implants would not take advantage of wounds 
wade proximal to the implant so readily as they would of 
_ distal wounds. In larve, as well as adults, very few 
3 - growths were produced from proximal wound areas. These 
_. few supernumerary limbs which did form in association 
=- with proximal wounds, however, showed interesting 
Ee growth patterns which are better understood to-day than 
ae they were at the time of the previous writing. 
The purpose of this communication is to supply newer 
information on the relationship between a superficial in- 
_ -sertion wound and the formation and polarity of the 
resultant supernumerary limb and in particular to cor- 
 velate these relationships with long-standing morpho- 

“genetic rules, Barfurth’s rule’ and Bateson’s rule’. 
First, it should be noted that the wound relationships 

found previously apply if an implant of moderate size is 
placed in such a way as to be completely included benzath 

3 ee skin cover without protruding through the epen 
_Tf, however, larger quantities of implant material 
which are allowed to protrude through the epen 
ound, thereby delaying the wound healing 
supernumerary limbs may be obtained in many 
eB regardless of the position of the wound. With this 
rmation, then, it became possible to study readily the 
polarity of implant-induced accessory limbs in associstion 
with wounds made in a variety of positions. 
Thirty adult Triturus viridescens from Petersham, 
assachusetts, were utilized as hosts, while the kidneys 
of a single adult male Rana pipiens from Oshkosh, Wis- 
consin, served as donor material. Six different experi- 
ental situations were established, using both forel imbs 
of each animal. These situations differed in the position 
e insertion wounds, which were made proximal, distal, 
anterior or posterior to implants placed on the dorsal 
ace of the radio-ulnar portion of the forelimb ; and 
ximal or distal to implants on the ventral surface of 
yb. Our: previous experience, as already noted, had 
that the position: of the wound does play a hand 
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in establishing the early growth pattern of the induced 
accessory limb. 

Fig. 1 illustrates a limb which developed in association = 
with a distal wound on the dorsal surface. (The figures - 
are labelled with D and P for distal and proximal.) . 
In this case, the axes appear to be identical with those 
of the ‘mother’ limb. Those accessory limbs which — 
develop in association with wounds which are other 
than distal begin their development in the direction of . 
the wound and later, as their development progresses, tend- 
to adjust to the axes of the ‘mother’ limb. For example, 
accessory limbs formed on the dorsal surface in association _ 
with proximal wounds follow the pattern described in a _ 
previous paper’. They originally grow proximad, then 
straighten up, with a concavity usually on their proximal . 
surface, and finally shift to a more distal direction, the 
concavity normally becoming filled in. Those which form- 
with anterior or posterior wounds on the dorsal surface 
tend also to grow initially in the direction of the wound 
and then later to shift more distad. Fig. 2 shows a limb 
growing in association with an anterior wound. At the 
time this supernumerary was photographed it was chang- 
ing toward a distal direction. l 

Only one accessory structure of multiple character was 
obtained from a ventral surface distal wound situation, . 
and it was impossible to judge its axial relationships. Fig. 3 
is strikingly illustrative of an accessory structure formed 
in association with a proximal wound on the ventral 
surface, which began its development in a proximal direc- 
tion and subsequently shifted so that its entire distal 
portion became hooked around and grew almost directly 
distad. 

Implant-induced accessory limbs, then, appear to follow 
Barfurth’s rule in that the insertion wound supplies to the 
morphogenetic system what is in effect an oblique amputa- 











Fig. 1. Implant-induced accessory limb which formed in association 


with a distal insertion wound on the dorsal limb beg? lis axes 
as 


correspond with those of the ‘mother’ limb. 





Fig. 2. Implant-induced. accessory limb which formed | 
with an anterior insertion wound. Its axis, ee fy 
anteriad, had shifted somewhat distad 


2 advanced stages they tend to deviate only slightly from it. 


-> to follow Bateson’s rule and mirror-image. If their centres 


shows two such formations on the same host. 








tion tarwe and the o original Yilasteral polarity’ is that of 
this oblique surface. Afterwards, as development pro- 
_ gresses, the growing accessory limbs tend to adjust to 
: the polarity of the ‘mother’ structure so that in their 











- Multiple accessory limbs are of particular interest, since 
if. the growth-centres are in close association, they tend 


are so close as to form a common base external to the 

level of the limb surface, one obtains ‘hydra-like’ accessory 
< structures where as many as 7 digits have been found 
arranged in a whorl around the apex of the stalk. Fig. 4 


Other situations have been found in which the develop- 
mental centres fail to join external to the surface of the 
limb but established a common base internally with the 
digits arranged much like the spikes on a crown. One ae ee eee ene en ee 
of these ‘corona-like’ arrangements is illustrated in Fig. 5. His, Ap exemple ofa ‘corons-like formation. These appear to arise 
These digital arrangements have in both instances been base internal to the limb surface. (x ¢. 40) 
interpreted by us as having resulted from mirror-image 
development of multiple morphogenetic systems which near the insertion wounds through the activities of the 
are so close as to be interacting . In any event, itis known implants. This type of secondary woun formation by 
that they result when secondary wounds are established implants has previously been reported’. The foregoing 

postulate that these formations are really multiples further 
obviates the necessity of supposing that a single blastema 
has been created capable of forming a greater number of 
digits than one would normally find on an amphibian 
forelimb. Such an occurrence would be contrary to 
previous experiences in the limb regeneration field. Histo- 
logical examination of the bases does indeed show multiple 
skeletal elements. 

This work was supported in part by a research grant 
(C-2913) from the National Cancer Institute, National 
Institutes of Health. 
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Hzmoglobin in Barnacles 


HÆMOGLOBIN is known from many groups of Crustacea, 
excluding Malacostraca; but it has not previously been 
found in the non-parasitic Cirripedia!. It is, therefore, 
interesting to record the occurrence of hæmoglobin in 
Balanus perforatus Bruguière, a common intertidal 
barnacle of southern Britain, south-west Europe, the 
Mediterranean and north-west Africa. 

When, freshly collected specimens are dissected under a 
low-power binocular, certain of the muscles can be seen to 
be pale pink, though the majority are colourless. Exam- 
ined with an eyepiece spectroscope, the darkest of these 
muscles produce faint absorption lines centred at 577 and 
545 mp, and reduction with sodium dithionite produces a 
single diffuse line centred at 555 mu. These spectra are 
characteristic of haemoglobin’. 

Treatment of fresh specimens with benzidine and 
hydrogen peroxide’ gives a blue or brown stain in the 
pink muscles, the nervous system, the outer part of the gut 
wall and sometimes in the musculer walls of the vasa 
deferentia. There is no great difference between the 
staining of fresh and boiled specimens, indicating that 
tissue peroxidases are not responsible for the reaction. in 
these organs'. After fixation in alcohol the distribution 
of the benzidine-positive muscles can. be followed by 
| dissection. They are most abundant in. part of the prosoma 
Fig. 4. Two ‘hydra-like’ accessory limb structures These appear to around the adductor scutorum, but. there are also gome 


arise from multiple-interacting morphogenetic systems which form a 
common stalk external to the limb surface, (x e. 40) among the oblique museles of tho thorax- andi m he basal 



































ri. of the three pairs of large museles 
the: operculum, only the lateral depressors 
globin, in a small number of flattened fibres 
t side, which show up as pink when fresh. In 
imens two or three fibres of the adductor 
are also benzidine-positive. 
he distribution of ‘pink’ muscle outlined hero, 
deduce that hemoglobin is concentrated in 
erforming fairly continuous and rapid mowe- 
ocially i in the region of the blood-pump*. The 
olf is very pale yellow or orange in colour, but has 
ile absorption lines. However, it does give a 
sitive reaction with both benzidine and o-tolidine*, 
ot due to contamination, may indicate the 
alow concentration of hæmoglobin. 
r species of barnacle examined has sufficient 
lo i to give a pink colour to the muscles; but 
nodestus Darwin and Balanus crenatus Bruguière 
d appear to contain a small quantity, since some 
a uscles of the prosoma give a positive benzidine reactien. 
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Moulting Behaviour of Birgus latro 


ee Tae moulting behaviour of Birgus latro, the coconut 
a or robber crab, has never been described even though 
this crab has been the subject of many observations. 
- Weins! reviewed these observations most recently, and 
> Harms? reviewed the older literature. Neither moulting 
nor the moulting behaviour is mentioned in these reports 
-with the exception of a photograph of a recently moulted 
B. latro by Harms. Furthermore, in several years of 
observation of B. latro in the Marshall Islands, exuvie or 
freshly moulted crabs were never found although scores 
of burrows have been examined, often with the aid of local 
residents. Small individuals with a cephalothorax length 
ess than about 30 mm are relatively rarely found even 
when special efforts are made. Prof. Donald C. Matthews 
of the University of Hawaii has had similar experiences 
ersonal communication, December 1962). 
‘September 21, 1961, a living Birgus, with a cephalo- 
gth of 208 mm, was obtained from Mr. 
gistrate of Rongelap Village, Rongelap Atoll, 
slands. The crab was found in the early morning 
oconut in a grove where copra was being 
on Rongelap Island. The specimen was carried 
¢ jar to the University of Washington, Seattle, 
and put in a terrarium on October 2, 1961, 
: 3 3 reported here were made. 
temperature. in the terrarium was maintained at 
0° C and the relative humidity ranged from about 
90 per cent. A red incandescent light bulb, burning 
10usly, served both to supply heat and permit 
observations at night. Both fresh water and sea water 
ivailable to the crab at all times. Coral sand, sod, 
oconut husks from Rongelap were contained separately 
‘the terrarium. Rye grass was grown in the soil. Food 
as always available and consisted variously of copra, 
oconut, bread, apples, oranges, bananas, beef ancl 
eal. As in Nature, the crab was omnivorous but 
a clear preference for fish meal. 
in the terrarium the crab re- 
A lo bobonnt husks in the daytime 
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did not leave the burrow and remained hidden with 


bi 


and was active at night, feeding, digging and. usua yo 
visiting both fresh water and sea water.. On. the 32nd. 
day it hid in the soil in a burrow ending in a spherical — 
chamber with smoothly packed walls which it had made. 
The tunnel leading from the chamber to the surface was 
filled with loose soil. The closed entrance to the burrow 
was scarcely distinguishable from the soil around it. 
Larger individuals had been observed in burrows in the 
field but never with the entrance closed with soil. . 
During the second and third months the crab. continued © 
its nocturnal activity and remained hidden and covered 
in the soil during the day. Its abdomen appeared 
tended towards the end of this period and its weigh 
increased from 6-8 to 7-3 g. On the 86th night the crak 















food or water for the ensuing 30 days. 
In an attempt to observe the erab while in hiding, 
soil was excavated to make an opening in one side of- 


crab’s chamber and a glass window with an opaque shutter a 


was put in piace. This attempt was unsuccessful because — | 
the crab persisted in covering the glass surfaces with moist — 
soil even when light was excluded. These attempts at 


observation were discontinued for fear of disturbing the Site 


‘normal’ activity of the crab. 

When the crab emerged from the burrow the length of | 
the cephalothorax had increased from 20-8 to 22-7 mm. 
The crab continued to follow the pattern of alternating on 
hidden and active periods (Fig. 1). During the active. 
period it fed at night and hid during the day, sometimes — 
in its burrow and sometimes under coconut husks. When- 

ever the burrow was occupied the entrance was found 
plugged with soil, which probably explains: why ‘small 
open burrows investigated in the field were always found La 
empty. ae 
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Fig. 1. Growth and moulting cycle of Birgus lairo in a terrarium 


A year after being brought to the Laboratory the erab 
had completed three hidden periods, and was transferred 
to a larger terrarium in which four clear celluloid trays 
containing either sand or soil were placed. The trays, 
which were about 20 cm x 25 em x 10 cm deep, were. 
suspended on stainless-steel racks so that they could be 
removed from the terrarium and observed from below and 
all sides. Within a few days the crab excavated a new 
chamber with one side a few millimetres from a lower 


corner of a tray containing soil. 
celluloid and folded back to ‘afford a view into the chamber. 





A thin a of soil adhered to the flap, which was pushed Ja 


‘g 


A flap was cub in the- _ 






















ted crab was pale blue, fading to near white in 
cimal areas. The following day the colour had become 
h darker, approaching the colour of the exuvis, and 
cao ee portion of the carapace of the exuviæ had been con- 
o i e sumed. Day by day the exuvie were consumed, the last 
-remaining part being a claw. The night following the 
- 36th day the crab emerged from hiding and at the time 
_ of writing has continued in an active period. 
eo n 463 days this young B. latro moulted four times, in- 
rreased in cephalothorax length from 20-8 to 30-0 mm, 
AY weight from 6-8 to 20-2 g (Fig. 1). 
the assumptions are made that this rate of growth 
remains constant and approximates that found in Nature, 
then specimens of B. latro with cephalothorax lengths 
rra in excess of 100 mm, which are common, must be about 
Gee five years old. 
ooo ooie This work was carried out under contract AT (45-1) 
anne 1385 with the U.S. Atomic Energy Commission. 
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Identification of Species of Scenedesmus 


AMONG the organisms frequently encountered in investi- 
gations of freshwater habitats are members of the genus 
o o Scenedesmus, Species are delimited on the basis of the 
... size.and shape of the cells, as well as position and number 
of spines, if present. Although Smith! in his monograph 
of the genus shows some variation in these characters, one 
can, with some degree of confidence, identify species 
quite easily. 
| However, when one reviews other literature concerning 
id identification of species, especially the monograph of 
<. Chodat?, as well as earlier supporting work by Chodat 
and others, one finds that these inv estigators had pointed 
out: the extreme variability found in many Scenedesmus 
species. The bulk of this earlier work centred on the 
-= ability of these organisms, while in culture, to fragment 
-into unicellular forms which resemble Chlorella, Raphidium 
ooo (Ankistrodesmus), Oocystis, ete., or to form a Dactylococcus- 
_ like stage. Chodat emphasized that one must culture these 
<o Organisms in order to determine correctly their taxonomic 
position. The formation of 100 per cent unicells by 
8. dimorphus in a two-membered culture with a soil 
a bacterium, as well as the occurrence of a Dactylococcus- 
_.. like stage when the soil alga was cultured in yeast extract’, 
were reported. 

- Recently we encountered another extremely variable 
edesmus species, S. longus, and have examined it in 
ialgal, bacteria-free culture. AJl observations discussed 
6 with this axenic culture. When grown in liquid 
edium of inorganic composition under the usual labora- 
a conditions, the or ganism does not appear to be a 
edeemus. Almost all the cells of the culture are 
j colls bearing three or four spines at each pole. When the 
ganism is in this condition, it eould be confused easily 
th. Chodatella subsalsa. In fact, the unicell fits the de- 
scription of the latter exactly. 

By altering the conditions of growth, for example, 
culture on firm agar, or by use of a thermal shock, the 
percentage of coonobes was found to increase markedly, 










almost to the exclusion of- cunicells. A. three- day-old | 


occurred onthe 28th day of hiding. The ekeni 
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Tho organist was also rows ‘in soil ‘extract, S 
medium has been used in the past not only to supply 
nutrients absent in basal inorganic media, but also in an — 
attempt to simulate natural conditions. Apparently _ l 
some organisms exhibit the form seen in field collections. _ 


only when grown in soil extract or in soil-water bottles’; 


When the organism described here was grown in liquid 
culture in soil extract, the majority of the forms were 
unicellular, with the cconobe present only in the bottom 
of the culture. In addition, numerous unicells were 
suspended in the liquid. Cell size, shape and spine con- 
dition did not vary from that described here. - 

Further experimentation with S. dimorphus. demon- — 
strated that one can stimulate the production of unicells 
in a number of complex media. The role of an organic 
carbon source in reducing S. acutus to the unicellular 
condition was first reported almost 75 years ago‘. 

Although these investigations have been conducted 
in the laboratory and one can now only speculate as to the 
extent of variability in Nature, we believe that pleo- 
morphism could exist in Natures Growth of S. longus — 
in soil“extract indicates that in a body of water tho 
unicellular form might be abundant in the plankton, 
whereas the cæœnobe could be found in bottom sampling. 
Reports by Prescott? of the occurrence of both S. longus 
and C. subsalsa in the lakes of Wisconsin and Michigan 
give some support to this argument. 

With S. dimorphus it also appears that the introduction 
of organic waste in a pond or stream might change the 
morphology of the organism. If sufficient numbers of 
bacteria were present, ccenobe formation would be 
affected’. 

Apparently there are many species of Scenedesmus in 
which ccenobe formation is quite stable. The fact that 
Smith made no mention of pleomorphism in pure culture 
studies connected with his monograph attests to this. . 

Even though we know little, if anything, of the extent 
to which pleomorphism in Scenedesmus exists in Nature, 
we re-emphasize the word of caution of Chodat. concerning 
precise identification of species of Scenedesmus. For a 
better understanding of variability in this genus field 
identification of unicellular and cenobial stages from the 
same site, followed by pure culture studies, appear 
essential. 

This work was supported by grant G-16106 of the U.S. 
National Science Foundation. 
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A dg aimee Action of Coumar arin 


| culture grown on 2-5 per cent. inorganic. agar at 22°C om voulé Ids" i 
_ produced 98-6 per. cont b oinobia. * Only then could oe ie: ore ts uo AC 























inore eases in the fungus- 


8 niger E-32, Penicillium glaucum 
agricans were obtained by dropping 0-1 ml. 
pension into 100-ml. Erlenmeyer flasks con- 
25 ml. of nutrient media with coumarin in proper 
on. After a suitable period of time of incuba- 
C mycelia were taken out of flasks, dried for 12 
“C and weighed. Two different nutrient media. 
ed: (a) yeast water supplemented with 4 per cent- 
5; (b) a synthetic medium. consisting of glucose, 
NaNO, 45 gr KH,PO, 3-0 g; KCl, 0-75 g; 
LO, 0-75 g; FeSO, 0-02 g; distilled water up to 
6). The results: were analysed statistically for 
ificance: ‘at P=0-05. 
isual examination revealed that coumarin in higher 
rations (100-1,000 p.p.m.) inhibits or markedly 
the germination of spores (lengthening of lag- 
















phase). 
of mould and nutrient medium used. The most sensitive 
re spores of A. niger; these did not germinate in yeast 
water containing 1,000 p.p.m. of coumarin, and under the 
influence of 100 p ‘p.m. they germinated 20-30 h later than 
did the controls. In-a synthetic medium; however, 
aioe in concentrations of 1-10 p.p.m. exerts an 
ignificant stimulatory effect on germination of A. niger. 
oe _ Spores of P. glaucum are much more resistant, Coumarin 
a a concentration of 100 p-p.m. only slightly retards their 
germination, : and. spores in flasks containing 1,000 p.p.m. 
of coumarin germinate 20-30 h later than control ones. 
_ Germination of R. “nigricans spores was. considerably 
stimulated by 5-10 p.p.m. of coumarin dissolved in yeast 
water; an insignificant retardation occurred only at con- 
_ centrations 500-1,000 p.p.m. 
oe It follows from the curves in Figs. 1 and 3 that coumarin 
exerts only an inhibitory effect on dry matter accumulation: 
of A. niger and P: glaucum mycelia cultivated on yeast 
water; the former mould is much more sensitive than the 
oo latter one. The analysis of results reveals that 50 p-p.m. 
spears to be a threshold concentration of coumarin for 
_normal growth of A. niger, and 100 p.p.m. for P. glaucum. 
Below this quantity the growth is slightly affected; to the 
rary the more concentrated solutions of coumarin are 

arke: ly inhibitory. ‘This inhibition is transient, however, 

d after a suitable period of time moulds seem to develop 
normally, though slowly. 

According to the retardation of growth the sporulation 

also Set by coumarin, particularly in the case of 






















Different results are observed on a synthetic nutrient 
medium (Figs. 2 and 3). In this case the fungi are much 
more sensitive to coumarin, as arule. Also the picture is 
wore complicated. owing to appearance of stimula- 
owth. of Eyes cultured on relatively diluted 
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‘The detail picture of effects depends on the kind- 


Sensitive to coumarin when they are cultured s oO 
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Fig. 2. Growth of A. niger on the synthetic nutrient medium : 1p 
mented with coumarin 5 
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Fig. 3. Effect of coumarin on the growth of P. glaucum iea on. eS 
the synthetic nutrient medium and on. yeast water with gaco. eN 
~- Yeast water + glucose; ———, mineral medium + giucosa ETT 


solutions of coumarin. When the threshold cönoentration o 
is exceeded, the inhibition of growth is. expressed much oe 
more sharply than on the yeast water. ee 
It is striking that coumarin markedly stimulates ‘the Be 
sporulation of P. glaucum grown on a synthetic medium. _ 
In series subjected to 1-10 p.p.m., spores were formed on 
the second day of cultivation and were green on tho pee 
subsequent day. In the controls the spores appeared on = 
the third day, but they were not green even on the fifth 
day of incubation. The case of A. niger was the same; — 
on the third day of incubation the quantity of spores in 
sample 100 p.p.m. was nearly equal to controlin 100 ee 
p.p.m. they were black; in the control grey... oe 
The most interesting results have. been obtained with 2 ee 
R. nigricans. This substance in concentrations 5-10 p. pm 
markedly stimulates the development of mycelia (Fig. 4) < 
In affected series the mature spores were formed between 
36-48 h, while in the control their appearance was noted a 
in the fourth day of experiment. ere E 
Coumarin is metabolized by moulds. aa r 
by paper chromatography of ether- ‘and. ch 
extracts of post-incubation media that during cu 
the spot of coumarin partially” disappears, 
un'dentified fluorescent spots occur. Th 
synthesis of brown pigments, secreted, to the 
A. niger, is also retarded by coumarin. Thu 
seem that the process of autotoxication by- pro 
mycelium metabolism is retarded by coumarin 
in a nutrient medium in small quantities”. z 
On the basis of these results it may be stated t i 
coumarin is a fungistatic agent but not a fungit 
(b) a physiological adaptation to this compounc 
The nature of this adaptation still remains obscure 
nothing is known about the primary mode of cout 
action®. Bearing in mind that moulds are much 


























ssumed that this substance blocks the sy. 
known metabolite (or “metabolites) | of 
inpor rtance to later stages- of: a ae x 
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> Fig. i. Effect of coumarin on the growth of R. nigricans cultivated 
on the yeast water containing 4 per cent of glucose 


- = growth of mycelia. This unknown metabolite is 


- = necessary either for nucleic acids and/or protein turnover, 


or for the utilization and storage of energy delivered in the 
breakdown of carbohydrates. 
~Coumarin does not directly affect the nucleic acid 


a turnover i in lettuce’ and protein synthesis in sunflower?; 


however, it influences the spectrum of free amino- acids 


= present in a cell, and some nucleic acid precursors par- 


_ tially reverse the coumarin-induced inhibition of growth of 
_ maize mesocotyle’’. In connexion with the fact that 
coumarin affects the respiration’! and phosphorus turn- 
over in. plants!*, these favour the supposition that cou- 
marin controls the pathway of metabolism involved in the 
utilization of energy. 
“The stimulation of germination and growth caused by 
coumarin present in a medium in low concentrations may 
be elucidated on the basis of supposition that the affected 


-cells react by the mechanism of super-compensation. 


<o * Addendum. The Editor has directed my attention to a 
$ paper’ describing the effects of some growth- regulators on 
_ the development of Sclerotium rolfsii (Sacc.), that is, the 


-imperfect form of a basidiomycete attacking apple-trees. 

=o Coumarin in concentrations of 50-100 p.p.m. only slightly 
affects the growth-rate of mycelia (however, there is no 
©- growth at 500 p.p.m.); but it markedly inhibits the 

<: germination of sclerotia and reduces the number of progeny 


= selerotia per culture. Such selerotia are darker in colour 
-and larger than the normal ones; they germinate faster 


_ when planted on media without coumarin, but they are as 
SEES sensitive to coumarin as contro! sclerotia are. 
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A A ng t 
Partially pecded fruits are ane ime the ye: le 
being adjacent to seedless carpels. Horti 
long observed that climate may also affec 












are flatter than those from cooler climates. TIn 1914, _ 
Shaw! stated: “There is a pretty constant. ‘Bactuation- 7 
between the form of the apple and the temperature for 


a period following bloom ; the cooler this period the more 


elongated the apple”. In an effort to delimit this period, 
he concluded that. the period from the sixth to the six- 
teenth days following full bloom fitted the observed 
fluctuations in form more closely than any other period. 
A recent study by Westwood?, however, showed that very 
young fruits were distinctly elongated but became more 
flattened as they grew, the ultimate shape being determ- 


‘ined about 100 days after full bloom. Thus, any. effect 


of climate on shape might possibly extend well beyond a 
brief period after bloom. 

Obviously, factors other than these affect shape because 
fruits from the same tree often differ strikingly. The in- 
vestigation reported here was initiated to determine non- 
climatic factors which affect the shape of apples. 

Test trees of Golden Delicious and three genetic strains 
of Delicious (Regular, Starking, Starkrimson) apples were 
grown under uniform cultural- conditions at the Lewis- 
Brown Research Farm at Corvallis. All trees were 6-15 — 
years of age. A minimum of pruning was done... The 
orchard received regular sprinkler irrigation during the 
season. The strains of Red Delicious were grown on 
several East Malling clonal rootstocks and on seedlings. 
A fruit-thinniny test was carried out on matched leaders 
of 15-year-old Golden Delicious trees on East Malling IV 
rootstock.. Heavy thinning was performed at full bloom 
on half the leaders. Only one flower in each eighth cluster 
was left, of which half were centre blooms and half were 
side blooms. Control leaders were not thinned. All trees in 
the thinning test had a uniformly heavy. bloom (90 flower 
clusters per 100 growing points). For comparison, fruits 
from separate trees with light bloom (5 flower clusters 
per 100 growing points) were used. 

Length/transverse diameter (L/D) ratio was used as 
an index of final fruit shape. The L/D ratio did not 
indicate subtle differences in shape but. was adequate to 
distinguish between flat. and elongated. fruits. 

Statistical differences (L.S.D. values) were calculated _ 
from error mean squares in a standard analysis of variance’, 

Rootstock type. significantly influenced shoot growth 
and fruit shape of Red. Delicious (Table.1). Fruits from 
trees with non-dwarfing rootstocks (seedling, XVI, I, 1) 
were relatively more elongated than were those from 
dwarfing stocks (IV, VII, IX). Thus, relative fruit-length 
varied with rootstock in the same way as shoot growth. 
Shoot growth was shorter in every ease on fruiting 
branches than on non-fruiting ones. 


Table 1, Errect. oF RoorsTook ON FRUIT SHAPE AND Snoor GRowTE LOR 
RED DELICIOUS APPLE. ae > 


Rootatock _ Nonsiting Bad Fruiting... shap 
iem). o mE EID: 

EM XVL E i Ast yee. BY 
Seedling 5 38 
EMIO 47. 36 
EM Ti 440 84 
EM IV 31 15 
EM VII 40 24 

MIX 24 o: 

LSD. 5% level - " 


Both crop. dealt. and cluster position 
shape of Golder Delicious fruits eer 
f side-bloom fi 
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gration 


How welcomei is the evocative word in the 





literature of science. Migration—geese in fight . wee 
swallows twittering on telephone wires. vee „lemmings 
streaming blindly to sea, What of acyl migration? oS 
Alas, an element of bathos: intrudes: At first £ 

we may see things i in flight: but i in truth, when we 
examine the concept, the vision changes to one : 
of chimps swinging cheekily from branch to branch. : K . = i : ; : 
Exactly so with partial alycerides: identifiably $0 : oe 

with tri-glycerides, but the behaviour pattern | 

is alittle more complicated! 

That acyl groups in glycerides can me : | 

amatter of surprise—even though rearra ngementi in 


fatty esters was first reported by Claisen s0 long ago 





as 1887, andin diglycerides by Fischer i in 1920. : : | 

Delayed interest in the subject has been due largely : i ue : : E 
_ to the absence of good analytical methods, but the o 

recent spate—differential thermal analysis, infra red 

spectrometry, partition chro matography, enzymic 

splitting, radio tracers—has opened the field, and 

today we are beginni ng to understand the 

mechanisms whereby an acyl group can swing ee 

between the 1- and 2- position ina partial alyceride, . ae 

and interchange between triglycerides. | | . 

Work on acyl migration is of theoretical importance 

inthe understanding and control of these 3 


£ mechanisms; and of of practical importance both i 





ad l fats to modify thëir r physical behaviou 
Unilever Research is working to gain this 


understanding and control, 


oe Meopta ı microscopes surprise even the experts. 








abridge Precision Resistance Tieimamdier (potential lead type) has a PEE ES of better thas 0. 001°C. C ki 
care is taken during manufacture to ensure that the platinum element is uncontaminated and free from strain. l 
pecification is as follows: ea 


es ata aarti sot ee ONES fei 500°C (with Pyrex glass | METHOD. 







sheath): up to 700°C (with quartz glass We recommend that the Cambridge | 
28 sheath). Precision Resistance Thermometer is- 
SE iental IMET Ya Lene 1 ohms (nominal) used èther with a Cambridge Smith's 
as Ace resistance eek ee asvatenes «8 ohms -+ 0.1 ohms. Difference Bridge or with a Cambridge 
= Reproducibility: . sonenn dd @tter than 0.001°C, Microstep Precision Potentiometer 
ae Self-heating effect: memesan AP roximately equivalent to 6,0003°C with resistance standard, etc. 
vee ati mA, Write for full details, 
Internal AMOS p EE l. 10% oxygen, 90% helium at 
: approximately $ atmos. 


Lag constants ooo ce of the order of 8-9 seconds. 





E EEA Write for List A36N. For future publications, ask for Mailing Fotm N/11/63 
- Cambridge PRECISION. RESISTANCE THERMOMETER 


Cambridge Instrument t Company Limited, 13 Grosvenor Place, London, S. W. A 
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| fou get more microscope 
= for your money 
hen you buy Moda. 
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o Microscope C36 Bi 
~ They're such finely made precision instruments | Mestsalltherequierernn 


SEO of scientific and research 

ae but cost so much less than you'd expect. Every workers. Binooular micro- 

; _ Meopta microscope is designed to meet the high- _ scope with builtin mechs: =- 

EPA anical. . stage, integral gaan 

optical standards—Meopta’ objectives are Kohler lighting and S 

ally noted for superlative qual ity. Yet you | eee i same 
jess for a Meopta than for any comparable | ime 
t's not. surprising that so. many far- p. me 

ade havea ‘alway, chosen Meopta : 
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FRUTE Position AND DEGREE: OF THINNING ON THE 
7H OF GOLDEN DELICIOUS FRUITS 
ter No. of Fruit 


- Cluste N O ë Frat 
position fruits weight (g) 


shape 
LiD ratio 
centre l 80 
heavy 


=o heavy 
> heavy 
















‘trees. Fruit size per se did not correlate well 
Bo 
loom fruits of Red and Golden Delicious were 
side-bloomi fruits both when grown on separate 
ame spur cluster (Table 3). Variability was less, 
ifference was more striking when centre- and 
le-bloom fruits were paired on the same cluster. This 
uld be expected because such factors as leaf/fruit ratio 
d spur vigour were identical for each pair. 








fable 3.. Errecr or Faurr POSITION on THE SHAPE OF APPLE FRUITS 
oe GROWN ON THR SAME OR SEPARATE CLUSTERS 


Fruit LAD. 
shape 5% level 
* LiD ratio 


0-042 
OO) 


No. of 


<o Variety and 
fruits 


i : pi fruit position 
_ Separate cluster—centre 








350 . 
Se 350 T 


Bed Delicious : 

: i Reparate cluster—contre 0022 
; Separate cluster—side 0-897 
_ Same cluster*—centre 17 0-891 
_ Same cluster —aide 17 0-854 


es o *Ea ch cluster contained one centre- and one side-blossom fruit. 


350 
350) ült 


0-011 










Fruit shape of three genetic strains of Red Delicious 
was significantly different (Table 4). Common Red 
Delicious fruits were markedly flatter than Starkrimson 
__ or Starking fruits. 





Table 4. Frurr Suaru as RELATED TO THREE GENETIC STRAINS OF RED 
ee "DELICIOUS APPLE Grown on NoON-DWaRFING ROOTSTOCKS* 
5 No. of Fruit 
fruits shape 
L/D ratio 
0-908 














cece | Strain 
. p š Common Fed Delicious 
-ooe Starking Delicious 
o> Starkrimaon Delicious 
ESD. 5% level 
* Grown on seedling or EM XVI rootstocks. 


The fleshy part of the apple, a pome fruit, is non- 
arian tissue, being considered either a proliferation of 
em‘, or a fusion of floral parts’. In any event, it 
ed from vegetative tissue. ‘The inflorescence is 
ate with usually 5 or 6 flowers, one of which, the 
Jom, terminates the axis. Thus the centre-bloom 
n analogous to that of a primary shoot 

ina bud ; a side-bloom fruit is analogous 

from a lateral bud. The lengths of 

al shoots of Starking. Delicious (not 
und: to be 65 em and 46 cm, 
showed terminal shoots 
‘the other varieties also. 
olds for centre- and side- 
ropping branches produce 
ropping ones irrespective of 
‘he trend also (Table 1) is for the 
rter as the shoots on fruiting branches 






























ds] ow that. differences in shoot 
rootstocks, crop density, or shoot 
ame way as do comparable fruits 





close physiological relationship in the 
continues to. persist even perhaps after 
nary developmen @:feait fro 














ees. This close parallel of fruit and shoot | 





relationship between fruit and shoot length (as related te 
for otf 






are not given, because they essentially dug 
of Tables 1 and 3. 









a climate conducive to very flat-shaped fruit. The. 


on shape of apple fruits. 
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Starch-gel Electrophoresis of Proteins as an — 
: Aid in Identifying Fungi 2 A 
Many species of fungi are difficult to identify, partic:  — 
ularly if they lack reproductive structures. Even if re- o 
productive bodies are developed, the extent to which their _ 
morphological features, such as shape, size and colour, ~ 
can be used as taxonomic criteria is often controversial. _ 
Species of Pythium are not easily characterized by con-  ~ 
ventional morphological criteria. This paper describes — 
the application of starch gel electrophoresis of mycelial 
proteins to the identification of Pythium species. E 
Electrophoretic patterns of proteins. in plasma and in. 
eggs have been used as guides in the taxonomy of many 
animal species”, and Chang, Srb- and Steward* have — 
recently shown. marked differences between protei 
patterns obtained. from different Neurospora species an 
smaller but significant differences between pat 
































obtained from:strains of N. crase@. o > 0 es 
In the work described here cultures of Pythium sy 
were grown in liquid Czapek-Dox medium ! 
with 0-1 per cent yeast extract and incubat 
on a rotary culture shaker. Mycelium w 
filtration after 5, 8 and 10 « 
water, frozen and broken in a Hughes pre 
pensions of broken mycelium were mixed with ons 
of their volume of buffer (0-76 M ¢ris-citrate con 


5 mM ethylenediamine tetraacetic acid, pH 8-5) a 
centrifuged at 130,000g for 45 min. As little as lg 
fresh mycelium could be used in 5 ral. centrifu a tu 


(Spinco SW 39L rotor), but in this case parafi 
added to the centrifuge tubes to make up. 
volume. ‘The supernatant liquids and mycel 


at —15° C without deterioration. Sample 
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estin ice on them. 





"were cooled by 


ooled by resting cont iners of crushed 
Poulik’s* discontinuous borate—citrate buffer system (0-3 


M sodium borate, pH 8-5 in the electrode vessels) was 
used ; resolution of components with this system is better 
than in continuous buffers. Protein components were 
detected by staining with amido-black 10B as described 
by Smithies?. 

Fig. 1 shows patterns obtained with six Pythium species. 
The patterns are easily distinguishable and have only one 
band in common. Samples of the same species isolated 
from different localities were either indistinguishable or 
showed only minor differences (Fig. 2). Samples of any 
` one culture harvested at three different ages showed 
identical electrophoretic patterns of their proteins. 

‘Similar experiments with Pullaria pullulans, Fusarium 
oxysporum var. piest (races 1 and 2), bakers’ yeast and 
other Ascomycetes showed that protein patterns of 
Pythium species differ as much from one another as they 





Fig. 1. Patterns obtained from mycelial extracts of six Pythium spp. 
44) P. echinulatum; (B) P. debaryanum; (C) P. irregulare; (D) P, ultimum" 
ae (E) P. dissimile (Vaartaja ap, nov. ined.); (F) P. vicle 





Fig. 2. Extracts from isolates of any one species collected at different 

localities gave similar patterns, . Patterns (4)-(C) were Obtained. from. 

different isolates of Pythium intermedium and (DHE) from different 
, isolates of P. myrictylum  *. ~ ii 






fro 







‘from the protein patterns of these representatives of 
other fungal groups. — 

Tt seems likely that patterns of this sort will be useful 
aids in the delimitation of fungal species. 

I thank Dr. M. R. Atkinson, of the Department of 
Agricultural Chemistry, for suggesting this approach to 
the problem and for advice on analytical methods, and 
Dr. L. O. Vaartaja for supplying cultures of Pythium 


species. 
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MICROBIOLOGY 


Bacteriophages Specific for some Mycobacteria 


MYCOBACTERIOPHAGES are generally known to lack 
specificity. However, due to chance isolation or to 
selection by enrichment with certain types of M ¥yco- 
bacteria, isolation of bacteriophages specific for M yco- 
bacterium phlei, M. pellegrini and M. tuberculosis var. 
hominis and bovis was reported. 

In the course of screening earth samples from Lausanne 
soil for the presence of mycobacteriophages (Haud uroy 
and Tanner, 1962), bacteriophages lysing mycobacteria 
were found in the majority of filtrates prepared according 
to the procedure described by Froman et al: In each 
case the earth samples were incubated at 37° C, enriched 
periodically by 13 rapid growing mycobacterial strains, 
centrifuged at 3,000 r.p.m. for 30 min and the supernatant 
filtered through a Chamberland L3 filter. The presence 
of bacteriophages lytic for mycobacteria was detected by 
the agar layer technique of Gratia as modified by Froman 
et al... 4 out of 16 bacteriophages thus obtained were of 
special interest, : | 

(1) Fitrate No. 5 was found specifice for M. rubrum 
(F 180, Froman, Los Angeles) from the beginning of its 
isolation. (2) Filtrate No. 7, initially active against M. 
rubrum (F 180), M. smegmatis, A.T.C.C. 607 (F 21, 
Froman, Los Angeles) and M. fortuitum (F 3816, Froman, 
Los Angeles), lost its capacity to lyse M. smegmatis (I 21) 
and M. fortuitum (F 3816) after 5 serial transfers on M. 
rubrum (F 180), and behaved afterwards ag & specific 
bacteriophage for M. rubrum (F 180). (3) Filtrate No. 10 
showed in the beginning a lytic activity for both the 
strains M. smegmatis {F 21) and M. phlei (F 89, Froman, 
Los Angeles). However, it lost its lytie activity for M. 
smegmatis (F 21) on 5 serial transfers on M. phlei (F 89) 
and vice versa: no lysis of M. phlei (F 89) was detectable 
after 5 serial passages on M. smegmatis (F 21) | 

Thus, in the case of filtrate No. 7, a specific phage 
against M. rubrum (F 180), and in the case of filtrate No. 10 
two specific phages, one against M. smegmatis, the other 
against M. phlei (F 89), were obtained. It is suggested 
that in both cases this 
although the 
probability of the coexistence of two distinct. bacterio- 




















- Tablet 7 
ae heat ee activity z a 
INO, OF P Hiag i Phage a taj rum 
strains phlei F89 smegnatis F 21 oer 180 
n No, 5 No. vi 


o coc 
oNROO 
o Geo 
O Geo 


ia id 0 0 0 0 


age active against M. smegmatis, on the other 
t lyse but the homologous host strain F 21 did. 
fusion existing at present in the classification 
eteria : the arbitrary grouping of several strains, 
changes of species designation, the circulation 
on strains with obscure past histories, makes it 
ifficult to decide if the lysis of several mycobacterial 
as by tho same bacteriophage can be considered as a 
n of their close relationship (sub-groups of same species), 
or only shows the common derivation (sub-cultures) of the 
strains tested,. while those strains non-lysable by the 
__ specific bacteriophage bear the name of the species without 
any justification. 

_ Nevertheless, this investigation shows the theoretical 
. ibility of obtaining specific lytic activity against dis- 
_ tinct groups of mycobacteria by serial. passages from 
initially polyvalent filtrates. 

I thank Prof. Paul Hauduroy for the initiation of this 
research project, for advice and for the facilities provided 
_ while I was guest in his Institute. 
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fater-soluble Products of Methyl! Cholanthrene 
and Their Effect on Bacterial Growth 
Tue production of tumour cells in certain mammalian 
stoms by carcinogenic agents stimulated considerable 
rest in testing the effects of these compounds on other 
nds of cells, Micro-organisms, because of their appar- 
y simpler structure and their adaptability to growth 
er controlled cultural conditions, have been repeatedly 
in such assays. For different bacteria, yeasts, or 
is carcinogens have been reported: (a) to produce 
and sometimes abnormal cells! ; (6) to inhibit early 
in the growth curve*; (c) to increase the total 
f cells in. cultures? ; (d) to be involved in photo- 
1 effects*; (e) to induce mutations®, 
ribed in these assay tests are not always 
. now little can be said, other 
ture concerning definite effects of 
id fungus cells. The method 
ng the carcinogen (usually methyl cholan- 
rene, or 1,2,5,6-dibenzanthracene) may be 
use of the variability or indefinite results 
hese compounds are not soluble in water and 
method of their application has been either : 
he crystals in water, making a finely divided 
ich is incorporated into a culture medium 
) ; ©) to filter similar suspensions after con- 
iods of time, resulting in so-called ‘saturated 
hich are then used as the basis for an agar 
c) to add the carcinogen to the medium in 
me organic- solvent (as acetone or alcohol), 
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oces communication describes a 
icult problem by selecting _ 
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utilize hydrocarbons such as pentane, heptane, or other — 
paraffins as the sole carbon source”. Since the carcinogens 
are themselves hydrocarbons exposure can be achieved 
with the carcinogen in solution in the bacterium’s normal. 
food. There is greater assurance in this case that the . | 
carcinogen will come in contact with the micro-organism; _ = 
further, metabolic and biologic observations are quite 
easily made. | 

Cultures were prepared in test-tube-like cuvettes p: On 
selected for uniformity for use in. fluorimetric analy ra 
After filtration through No. 1 Whatman ñlter paper 10 
Tausz’s solution (MgNH,PO, 1-0 g; KH,PO, 0°38 
CaSO, 0-1 g; FeCl, trace; KI, trace; distilled wa 
1,000 ml.) was placed in each tube and sterilized for 20 
min at 15 Ib. pressure. Inoculations (2 drops per tube) oe 
were made with sterile pipettes from cultures previously 
grown one week in Tausz’s solution with paraffin oil as. 
the sole carbon source. Sterile paraffin oil (2 ml.) was. — 
then added, forming an oil layer over the basal medium ; 
this layer contained the desired amounts of methyl 
cholanthrene in carcinogen-treated cases. Cultures were 
maintained at 28°+2° C in incubators or in a diffusely — 
lighted room. | Sees 

Dilution. plate Be 
to assay the number of organisms present at various | 
periods of time çi n 
described. Methyl cholanthrene, in all concentrations, 
placed in the oil layer (625-500 ug/ml.) adversely affected —— 
both the population-size and long-term viability of the 
















cultures. After 2 years the population-sizes of the methyl ` 


cholanthrene-treated cultures were usually less than half č 
those of the controls. With only an occasional exception, 
all carcinogen-treated cultures examined between 2 and 
10 years of age showed smaller populations than controls. 
The smaller population size indicated toxicity leadingto 
death of cells in tubes containing carcinogen, a suggestion —— 
further supported by i Ao 
the cultures from time to time (Table 1). The data are __ 
based on 300 methyl cholanthrene-treated cultures (50. 
replicates each of six concentrations of methyl cholan- 
threne 62-5-500 ug/ml. added in the paraffin oil) and 300. 
cultures without carcinogen as controls. After 4 years, 
cultures containing carcinogen were 47 per cent expired; 
there were no losses among controls. After 7 and 10 years 
respectively, cultures containing carcinogen were 70 and — 
100 per cent expired compared with 7 and 15 per cent. 
among controls. Further, cultures containing the heaviest — 
concentrations of carcinogen (250-500 . pg/ml.) began. 
to die out first. With the exception of complete kill 
obtained at a concentration of 250 ug/ml. after 7 years, the — 
per cent of kill at any given age was roughly proportional 
to the concentration of added methyl cholanthrene. 
Table 1. EFFECT OP METHYL CHOLANTHRENE ON VIABILITY OF Bacterium 
aliphaticum. soa mn 
No.of Nocof cult 
cultures 2 yr. 
300 200 
300 300 


Supplement 

to medium 
‘Methyl cholanthrene 
None (controls) 


a surviving after: 
4yr Tyr Wyn. 
140. oO 2 OR 
300 280 a 









Under certain conditions fluorescence measureme 
be used to follow changes in the concentration ¢ 
cholanthrene and structurally related compounds. _ 
water layer of the cultures established was not fluore 3 
at zero time. Surprisingly, fluorescence developed 
layer, increasing rapidly and linearly for the f 
weeks, and also increasing thereafter, but at a lesser rate. . 
The fluorescence was similar to that of methyl cholan- 
threne and absent in controls without carcinogen. This 
suggested that water-soluble products of methyl cholan- 
threne were formed within a relatively short perio a 
time. An appreciable concentration of these products | 
develops spontaneously in diffuse light, and more rapidly | 
under ultra-violet than with visible light. However, _ 
cultures containing B. aliphaticum develop much greater. 
fluorescence at any age than appropriate sp TEF 
controls (no organism). Fluorescence measurements on 










analyses using nutrient agar were made. ae 


(up to 10 years) in cultures of the kind 7 ee 


the data which show expiration of : 

















i - -directly involved in this toxic effect. 
these substances also raises the question as to what. extent 
such effects as death, cell enlargement, mutagenicity, ete., 


= a ae fee (1945), Hart 
: ‘oak ‘5 ae M. J., and Joly, R, Å., Setence, 87, ih teins Solenes, 
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O the total was relatively small: 
fluorescent material in the water layer was chromato- 
edon paper with chloroform-water mixtures, yielding 
finite spot moving slightly behind the front. The sub- 
ince is not methyl cholanthrene, as this compound 
nains in the original spot and does not advance in the 
ts used. The material is noticeably fluorescent on 
aper. Its chemical nature has not been further 
shed. However, both the water layer itself and 
shromatographically isolated fluorescent spots proved 
7 toxic to Bacillus subtilis and Staphylococcus aureus. 
mall inhibition zones (disappearing after 48 h) developed 
heon 1ml. of the water layer from methyl cholanthrene- 
reated cultures was used in the eup in place of penicillin 
ollowing standard penicillin cup assay procedures’. 





: Similar weak inhibition zones were noted when fluorescent 


-filter paper disks from the chromatograms were placed on 
«seeded nutrient agar plates. 

9. Tt seems logical to associate this weak toxicity with the 

small populations and long-term loss of viability of the 

_ cultures containing carcinogen. 


oe | Further, these results 
- Suggest that water-soluble oxidation products may be 
The existence of 


reported by other workers!~§ and usually attributed to 
. methyl cholanthrene (or other carcinogens) in the existing 
literature, might be due to reaction products of the 
©- carcinogen rather than to the compound itself. 
This work was supported in part by a grant-in-aid from 
the American Cancer Society. : 
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valuation of Colorimetric Methods in the 

_ Estimation of Sialic Acid in Bacteria 
MEROUS reports have appeared claiming the presence 
he sialic acids in vario Gram-negative bacteria!~, In 
eral communications?~* the detection and estimation of 
acids were made solely by the colorimetric procedure 
arren™. In others, a modified direct Ehrlich pro- 
ro was used!-5, 

~The estimation of sialic acid by Warren’s procedure 
‘involves several steps. These include hydrolysis to 
release the sialic acid, periodate oxidation of the acid to 
B-formyl pyruvate, reduction. of “excess periodate with 
sodium, arsenite, addition. of thiobarbituric acid followed 





by extraction of the chromogen: “with an- absorption 


maximum of 549 mu into -eyclohexanone. In addition. a 


to the sialic acids, 2-keto-3-deoxyoctonate is present in 






result by the 










e  B-formyl p » a positive 
Warren assay may not necessarily indicate 
that sialic acid was present. The Warren. method is 
further complicated by the existence of 2-deoxyribose — 
and the 3,6-dideoxyaldohexoses in bacteria. On periodate 
oxidation these substances yield malonaldehyde which 
forms a chromogen with thiobarbituric acid with an — 
absorption maximum at 532 my and considerable absorp- - 
tion at 549 mu. This chromogen may be removed by - 
extraction with isoamyl alcohol!¢ prior to the cyclohexan.- : 
one extraction. An alternate procedure has been devised’* 
to correct for absorbance due to the malonaldehyde- 
thiobarbituric acid chromogen in mixtures of the two 
chromogens. Sa a: 
In ee the estimation of sialic acid by the modified - 
direct Ehrlich method is simple. It involves heating the 
cells in a solution containing mineral acid, aluminium — 
sulphate and dimethylaminobenzaldehyde. The pyrrole 
derivative formed from degradation of sialic acid is 
immediately trapped by the dimethylaminobenzaldchyde 
and gives a chromogen with an absorption maximum at 
530 mu. In view of the popular usage of the thiobarbituric 
acid procedure for detection and estimation of the sialic 
acids, it was of interest to compare the results obtained by 
using the direct Ehrlich and Warren procedures on Gram- ` 
negative bacteria grown under similar. conditions. SEED ee a 
All enteric bacteria were grown in 11. of sterile nutrient 
broth containing 30 ml. of 50 per cent dextrose and 7 ml. 
of the filtered, sterile and concentrated dialysate obtained 
from 5 g of Difco yeast extract. Each culture, seeded 
with 0-2 ml. of a 3 ml. slope wash ofan overnight culture, 
was grown for 6 h at 37° C with wration. Rhodopseu- 
domonas palustris was grown at 25° C for 48 h without 
eration and under illumination by a 200-W tungsten lamp 
placed 6 in. from the flask. The bacteria were killed with 
chloroform and collected by centrifugation. The cells, 
after washing and recentrifugation, were suspended in 


water and lyophilized. A recovery. of 70-400 mg of. 3 


material was obtained. The Veillonella cells were kindly 
given by Dr. S. Mergenhagen of the National Institutes of 
Health, Bethesda, Maryland. a 
Analyses for sialic acid were performed on 30-100 mg of 
dried cells by a modified direct Ehrlich procedure® and on 
the clarified supernatant of cell hydrolysates by Warren’s 
method. An examination was first undertaken to determ- 
ine the conditions of hydrolysis for maximum release of 
sialic acid. The results, obtained by using Salmonella 
ngozi, are given in Fig. 1. It can be seen that maximum 
amounts of sialic acid are released by heating in 0-1 or 
0-5 N sulphuric acid at 100° C for 60 min and in LON 
acid for 20 min. Hydrolysates were, therefore, routinely 
prepared by heating 10 mg of dried cells for 20 min at. 
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bink of rO N abid followed S contrifugation. 
sntage of sialic acid was calculated using reference 
ch ovine sialic acid (N-acetylneuraminic 
od as standard. 
r cent sialic acid content of the bacteria analysed 
in Table 1. The determinations made by the 
ic acid method are recorded as uncorrected 
ted values obtained after extraction of the 
ehyde-thiobarbituric acid chromogen with iso- 
hol. It is to be noted that for all the bacteria 
re & positive Ehrlich test, the assay for sialic acid 
by this procedure is greater than that obtained 
obarbituric acid assay. As the latter method 
eo and terminally bound sialic acid, it would 
some of the acid is either destroyed during 
Ol emains attached to the cell debris. Although 
„time or normality of the acid were varied in 
reparation of the hydrolysates, the values for sialic 
btained by the thiobarbituric acid procedure when 
oamy! alcohol extraction never equalled the higher 
found by the direct Ehrlich method. A similar 
sult was obtained when absorption measurements were 
made at various wave-longths on the mixture of chromogens 

nd calculations made for sialic acid by the alternate 

i cedure of Warren, 











ae Table 1. Static ACID CONTENT OF VARIOUS BACTERIA 





| Statie acid per cent dry weight 
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i ; Serotype Warren 
Be a Direct 
es Ehrlich Uncor. . Cor.t 
48 sarl, 5,7 0°97 at 40 i 
48 Lee, Thy Tas, 0-60 0-85 034 
48 2 065 Fae 0°39 045 0-29 
A8 KZ 55 0-93 0-82 34 
- AR epg TG til 0-8 53 
Sori 1-02 065 0-35 
§.24,°2, 5,6 0°63 0-64 0-35 
al 78 O64 0:69 34 
§ 2.13, 14 56 0-63 Oot 
§ : 26-31 0-64 0:96 0-40 
h 1 24-28 69 0-81 0-49 
5:17, 20 1-04 0:94 0-53 
oem 29 : 28-31 128 ~ 0-64 6-34 
ae 29.2 32-31 1-25 064 0-32 
S 29°: 33-31 0-60 0-41 O10 | 
EBT BR a O65 48 29 
aes aN DO 00 30 O23 | 
Peet NB. 0-00 O18 O14 | 
ee ND. 0-00 O43 O17 | 
pote ND, 0-00 0-34 H23 | 
NLD. 0-00 037 0-22 
ae om: Ks BH HNM 0-00 O44 0-12 | 
COS Os: K5 L):HNM G00 20 O11 
a AND. 0-00 O22 (616 | 
ot determin 


ral bacteria listed do not appear to contain sialic 
rmined by the. Ehrlich assay, but have an 

mt of sialic acid®-? when analysed by 

i apor partition chromatographie 
os of + these bacteria, ipa to. show 












tee ‘assays, peek. as Arnona, 
fer freundiz, the acid is readily 
the K of ovine sialic acid 





present in A which | give a S poetoe 
ut not in those which only give a positive 
The chemical nature. of the substances in 
h give a positive- Warren and negative 
is. unknown: However, in the case of 

K58(B4) : HNM, which contains colitose 
-galactose) and 2-keto-3-deoxyoctonate, the 

ined in. the thiobarbitario. acid. amy 






















the thiobesbituris acid assay is some. 80-fold more sënsi- 





















tive than the modified direct Ehrlich; it is also 5i 
The results clearly reveal that sialic acid is 
Arizona 029, Arizona 05 and Salmonella 048 s t 
Moreover, it is of interest to mention that Salmonella 
Arizona 029 and Citrobacter freundii 05 are serologi 
related to Arizona 05 (rofs. 5 and 14). As sialic i 
absent in other Salmonella O serotypes and has not | bi 
detected in other Arizona O serotypes, it is suggested t 
the chemical basis for the serological relations £ 
these strains involves sialic acid. ~ = 
We thank Dr. 8. Aaronson, of the Haskins Laboratc 
Inc., New York, for the Serratia marcescens, Ps 
vulgaris, Rhodopseudomonas palustris, Aerobactes j 
and Escherichia coli N.D. strains, and Dr. W. H Ewi 
the Communicable Disease Center, Atlanta, Gooi 
the Arizona, Salmonella and other E. coli strai 
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in vivo Incorporation of Tritiated Thymidine ae 
in Acute Leukemia Chromosomes ss 
Tux DNA metabolism of normal human blood cells has an 
recently been investigated at chromosome-level by means =< 
of an atitoradiographic technique and 2-4 day in viro 
culture of peripheral leucocytes’. The application. 
this type of investigation to the study of human leukemia 
cells was prompted by recent reports of abnormal chrom 
some number and/or shape in these cells, = = 
‘Three points must be borne in mind in ‘underte vin 
such an eo A pe Sevount muat be. tak ce] 






















the resolution and i efficiency a “the iethad. he 
With this in mind, the in vivo incorporation of tritia 
thymidine into the chromosomes of a patient with 
leukemia was investigated... The patient was a male 
untreated acute myeloblastic leukemia : 76 per cent 
the bone marrow cells and 91 per cent of the 
leucocytes. were myeloblasts and paramyelobla 
peripheral white cell count was. 12 Po W 
o the chromosome: compleme nt, 60 per e 





































se of ee The malorda | a 
osome technique used in the investigation recorded 
has been reported in detail elsewhere’. The cells 
examined were obtained by sternal puncture per- 
ed 105 min after the administration of thymidine and 
n after tn vivo colchicine blocking!®". 
} per cent of the mitotic figures (out of a total count 
20 mitoses) showed evidence of labelling: owing to 
experimental conditions, tagged mitotic figures could 
be found in the cells which had incorporated the 
rsor in the final stages of the synthetic period, 
as the unlabelled figures correspond to cells which 
past the S stage at the time of labelling. 
r this investigation we selected a total of 30 labelled 
mitotic figures with a clearly outlined morphological 
attern and with a total grain count ranging from 80 to 
350 (Fig. 1). The chromosome number was 46 in 18 
mitoses and more than 46 in 12. Karyotypes were 
arranged according to the Denver classification : when 
the intensity of labelling precluded identification of the 
_. chromosomes, the nuclear emulsion on the slides was 
“removed after photographing the mitotic figures and 
-< = localizing and counting the grains’. 
The rate of precursor incorporation was established by 
counting the grains on the chromosomes and on their 
arbitrarily chosen segments: a ‘specific incorporation 
3 rate’ was calculated by relating the number of grains 
to the relative length of the chromosomes or chromosome 
segments, as recently proposed’. Owing to the small 
number of mitotic figures featured in this preliminary 
“experiment, the incorporation rate was calculated for 
chromosome groups rather than pairs where the chromo- 
somes of neighbouring pairs were interchangeable. The 


‘specific incorporation rate’ was consequently calculated | 


: : for the following pairs or groups of chromosomes : 1,2,3, 


ae 45 X-6-12, 13-15, 16,17,18, 


19-20, 21-22, Y. When 


t H ees ees. S . ait 
; 





Fig, 1. æ, labelled mitotic: figure: 
somes ; _b, labelled mitotic. figure 
somes ; $, 


bone-marrow cell with 46 chromo- 
j 2 cell with 47 chromo- 
» Kar, aga of 
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Fig. 2. ‘Specific aie ee (ordinate) y tritiated thymidine ; 
(pairs and groups of chromosomes) 
A, euploid mitoses ; B, aneuploid mitoses 





the individual extra-chromosomes could not be identified i 


with sufficient accuracy, they were ineluded in the pairs 
or groups to which they were morphologically related. 
Finally, the ‘specific incorporation rate’ was calculated 
for each of the segments of the various chromosome pairs 
or groups. : 

Fig. 2 shows the mean values for each pair or group ; 
the values of euploid and aneuploid mitoses are reported 
separately. The two types of mitoses (euploid and an- 
euploid) displayed similar behaviour, and significant diffor- 
ences could not be demonstrated between the correspond- 
ing pairs or groups of chromosomes. On the contrary, both 
in euploid and aneuploid mitoses a significant degree of 
variation was observed among the different pairs or groups — 
of the same mitotic figures and considerable differences Ki 
could also be demonstrated between the segments making 
up the various pairs or ‘groups of chromosomes. All these ` 





differences in the ‘specific incorporation rate” ‘could be. 3 


confirmed statistically. by means of variance analysis, _ 
The highest incorporation rates were found in the chromo- 


somes of group 13-15 and pairs 17 and 18, the lowest: i in = 


the first pairs and in group 19-20. In the segments no 
constant pattern could be demonstrated : there was a 
higher incorporation rate in the segments close to the 
centromere in pairs 1 and 3, in the distal segments of the 
long arms of pairs 16 and 17, in the short arms of | pair 2 
and in the distal segments of the chromosomes of group 


19-20. Both in euploid and aneuploid mitoses the incor- 


poration rate in the chromosome Y was Hanar than in 
any of the autosomes, a 
A comparison was also made between the i incorpore tion 
rate of the extrachromosomes and the correspo nd 
somes, and between. the incorporation ate 
or groups in which extra chromoso i 
and the corresponding pairs or ‘gr 
chromosomes. A higher incorporation rate wi 
the »_extra-chromosomes ; ; however, this: find: 
irmation, and further investigations a 2 
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ot a random course but a particular time sequence not 
n normal blood cells? but also in acute leukemia 
2) This time sequence presents the same features 
uploid cells as in aneuploid cells. (3) Incorporation 
he DNA precursor is also achieved by the extra- 
omosomes. (4) The synthetic phase of the Y chromo- 
the present case of acute leukzmia differed from 
f the small acrocentric chromosomes. (5) The ratio 
elled to non-labelled mitotic figures in the present 
iment suggests the possibility that the post-synthetic 
d is shorter in vivo than in vitro. (6) The present 
ration testifies that a more direct approach to the 
dy of nucleic acid metabolism in leukemic chromo- 
es is allowed by the in vivo injection of the labelled 
Ors. 
s work was supported by contract 016-62-1 BIOI 
h Euratom. 
We thank Prof. G. C. Dogliotti for his advice, 
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ns were undertaken not only on 
o on Mammary carcinoma and 
aan. As formerly pointed out’, 
1our were placed at room temperature 
‘) in an aqueous solution of deoxyribonuclease 
of Light and Co., 10 mg/ml.). Controls were 
xt-on fragments not submitted to any action, and 
ts kept. in distilled water for the same time 
n, 1h; maximum, 5 h} at room temperature. 
xatives were then used, in particular Bouin’s 
ie results can be summarized as follows: 
cor tumour cells, rather large globules reduced 
(Fig. 1), and small and very numerous globules 
n the cytoplasm (Fig. 2); also, in the nuclear 
artificial globules can be seen (Fig. 1). | 
ficial globules are also found in the mammary 
ia (Fig. 4) and in the uterine carcinoma cells 
ough in some cases they were rather small. 



























NATURE 


809 





Figs. 1 and 2. Walker tumour treated. with deoxyribonuclease; "note. 


in Fig. 1 targe globules also in the nuclear area (arrow), and in Fig. 2: 
the very numerous small globules in the two cells (arrows) 


Fig. 8. Uterine carcinoma of a woman treated as in Fig.1; note small cae 
globules (arrows) in the cytoplasm of the cell 


Fig. 4. Mammary carcinoma of a woman. treated as in Fig. 1; note 
the high number of small globules (arrow) in the cell 


(3) In the fragments of the three tumours it was observed 
that the formation of the globules occurs only in the cells. 
of the outer layers of the sections of the preparations 
treated with enzyme. Very seldom, and especially in 


some Walker tumour cells of the control preparations kept ; : a 


in distilled water, the presence of globules was noted; _ 

this has never been found previously in tumours not 

submitted to enzyme action before fixation. SS, 
(4) In the three tumour cells the globules stain red with o 


hematoxylin and eosin and with Mallory’s method, — 
yellow with Galgano’s (first)! method, and blue with |. 


Dominici’s method. In the same globules, a positive 
reaction for RNA and for polysaccharides (McManus) has. 
been demonstrated. RNA has been demonstrated with — 
the usual Unna~Pappenheim’s method and control with 
ribonuclease according to Brachet; also with the fluores- 
cence microscope. The observations made with this miero- 
scope on sections treated with acridine orange revealed an 
intense red coloration of the globules; but this colour dis- 
appears after the action of ribonuclease. The presence. of — 


RNA was established, too, by affinity of the globules for - 
toluidine bluo according to Dominicis method; this -> 





affinity was suppressed with ribonuclease, A a 
The foregoing observations have confirmed the forma-.. 










nature) of the ribosomes. . Experiments must then be 
carried out in many directions in order to ascertain: 
whether other substances, different from deoxyribo- _ 
nuclease, are capable of provoking an ordered aggregation 
of such particles. ~ vo aon gir | oth, oi 
The question involves, as a side issue, the nature of real — 
alteration. of tumour cells, and also the protein synthesis, 
as apparent from the action of ribonucleoproteins. 











> Three types of pre-albumin were evident. 
















sine 


enosine 


7 orotein substances is 
ized by aggregation of more or less transformed ribo- 
omes, a new direction would be offered for work on the 
ynthesis of proteins, 

his work was supported by Consiglio Nazionale delle 
rche, Roma. 
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GENETICS 


Pre-albumin Variations in Primates 


: -Taw pre-albumin of the monkey, Macaca rhesus (Macaca 
-oo mulatta), has been examined electrophoretically by 
. Blumberg and a possible polymorphism is described. 


In each in- 
stance the pre-albumin was presented as a single band. 


-Inan investigation of various primate serum albumins, 
4b was observed on starch-gel electrophoresis, using the 
= lithiur—borate discontinuous buffer system of Ashton, 
that the pre-albumins of higher primates could be distin- 
guished from those of lower primates as shown in Fig. 1. 
.. The pre-albumins of man, gorilla, and chimpanzee were 
¿< each composed of two bands. These three species could 

¿o not be distinguished by their pre-albumin, as the two 


Albumin 
| Pre-albumin 
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mobility to the first pre-albumin oft e higher primates. _ 
M. rhesus revealed two pre-albumin bands, neither of 
which corresponded to either of the two b 


vo bands of the 
higher primates. The second band of this monkey may — 
correspond to the single band of monkey type 3 of Blum. | 
berg. : a 
Thus in the pre-albumin region there appears to bea — 
phylogenetic distinction between higher and lower pri- 
mates. as has been observed in the transferrins. The 
higher primates, though separated by greater species _ 
barriers, appear to have a common pre-albumin pattern, — 
whereas the lower species, all of the game genus, have a ` 
polymorphic pre-albumin pattern, ©0000 o s 2a a7 
All sera used in this work were supplied by Lars — 
Beckman. I was a trainee of the U.S. National Institutes - 
of Heslth, at the Institute for Medical Genetics, Uppsala, 
during the period of this investigation, €00 0o00 :: 
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Frequencies of Teratologies among Homozygous _ 
Normal Mice compared with those Heterozygous | 
for Anophthalmia | ee 


The ancphthalmic mutant has been described in detail i 





. Ni o, of popu Hons 
No. of 


litters Normal AERO 
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NM nkiman niman tite ma teaa AAA raaua in nai A r a ane. 


t eye. „For an explanation of the symbols see text. 


ny raon es of the dye may affect its teratogenic 
oe Aires 


ises were noted ad livitig PRONIN were examined for 
eye g defeats and other gross morphological abnormalities. 
The results (Table 1) were analysed with respect to the 
requency and variety of defects and frequency of foetal 
mortality. Although the degree of eye reduction may 
___ have been distributed continuously, distinction was made 
only between unaffected (+ = normal), slight reduction 
in size (m = medium eye), extreme reduction with main- 
_ tenance of globular shape {s = small. eye), and complete 
_ absence of an eyeball (an = anophthalmic). The tests 
of significance applied to the frequency data were the 
chi-square test of homogeneity and the Student—Fisher 
grouped-method t-test: for the comparison of small 
samples®. cues 
Even in this small sample the higher frequency of eye 
defecta occasioned by the teratogen among the group of 
o ætuses heterozygous for ey is highly significant (t = 3-3; 
df = = 49; P < 0-001). This in spite of the slight heterotic 
_ vigour: suggested by their decreased tendency towards 
@tal death (t = 2-8, df = 257, P < 0-005). In most. of 
the ZRDCT-N x ZRDCT-An matings earlier untreated 
ittera were permitted to go to term as a test of fertility. 
: Al of the F, generation thus produced were completely 
rmal-eyed. The single anophthalmic fœtus produced 
treated ZRDCT-N x ZRDCT-N matings was in 
occasioned by the teratogen, since several hundred 





























normal-eyed. Furthermore, in other 
stec _ ZRDCT-N x ZRDCT-N matings, 
rma some: have been Sbtainod both at 
DPC d. | 


sation of abnormalities” column the character to the left of the stroke describes the left eye and the character to the right of the at eC 
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AGRICULTURE 


Oversowing Pasture Lepiines into the oe 
Hyparrhenia Grassland of Northern Rhodesia os: 
Because nitrogen is the key nutrient in plant and 

animal nutrition in the tropies'-*, the introduction Of A 
effective pasture legumes into the natural grassland isa oo 
simple method of raising -herbage yield and animal Ea 
production. et 
Two promising logurnes: Stylosanthes guayanensis (8. ce 
gracilis) (‘Stylo’) and Glycine javanica L, were oversown > 
into undisturbed Hyparrhenia-dominant grassland at the _ 
Central Research Station, Mazabuka, Northern Rhodes 
The average botanical composition by weight of the veld 
was: Hyparrhenia dissoluta Hubbard 54 per cent; H. - 
_filipendida Stapf 20 per cont; He eleropogon contortus ia 
Beauv ex R. and S: .15 per conb; other species 11 por cont. _ 
The veld was burnt at the end of the 1961 dry seaso and 
the legume seed was oversown in plots after thè: C 
been scratched with a hand take to simulate. 






















was necessary for the ec 3 
of legumes oversown into £ 
basal dressing of 200. 1b./acre 
cent phosphorus). At thi s: site, È 
nodulate effectively without in ee 
The legume establishment was oe The 
density of legumes was approximately 25 planta 
on January 28, 1963 (range 14-46 legur es/sq. ftJ: 
herbage yield of veld. slone; we te “style and i 

































is shown in Table 1. : 
yield of herbage pone matter; 
poh five-fold. | cand it 


AAR 












Grass 


Bye. Ty. $ 


Hpvarheni veld 2000 + 144 2000 + 144 85 + 10 pee 
| Hyparrhenia veld + F bore. 
SSS aa veld 1094 + 230 — 3539 + 199 | 4630 +123 58 + 10 404 + 39 02 £33 qe 
arrhenia veld + ee 
“inc 1982 + 428 | 1858 + 489 | 38340 + 220 92 + 20 190 + 64 282 + 53 








ble s 2 MEAN ANNUAL HERBAGE DRY MATTER YIELD oF Hyparrhenia VELD AND Chloris gayana KUNTH (GIANT RHODES GRASS) AT Four. ‘Nrmroany- 
i Oe LEVELS (10 LB./ACRE) 


No Nil N2 N3 Mean + 6 1 
347 
Rhodes grass 236 273 389 489 
Hyparrhenia veld 814 422 597 422 


Treatments: No No fertilizer; NI = 50 Ib. N/ac.; 





Beate nätiition and management are improved. But when 
-Hyparrhenia veld at Mazabuka was directly compared at 
four levels of nutrition with Giant Rhodes grass (Chloris 
- gayana Kunth), a standard pasture species, the yield of 
< veld was greater than the Rhodes grass (Table 2). Thus 
there is no evidence as yet for the need to plough up and 
resow vigorous Hyparrhenia grassland, especially if 
pasture legumes can be fairly easily introduced into the veld. 
_. Because cattle nutrition in this territory is generally 
limited by their protein intake®, the ten-fold increase in 
_ digestible crude protein that resulted from sowing ‘Stylo’ 
-into the veld should allow a large potential increase in 
animal production. 
C. A. SMITH 
Mount Makulu Research Station, 
< Chilanga, Northern Rhodesia. 
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VIROLOGY 


Use of Synergy in the Identification of Strains 
of Citrus Yellow Vein Virus 


-IN 1957 a virus-induced vein yellowing disease was found 

in four Eustis limequat (Citrus aurantifolia (Christm.) 
ee os x. Fortunella japonica (Thunb.) Swing.) trees in 
California. Although the virus has been shown experi- 
fees mentally to have a wide host range within the citrus 
family, it has not been found to occur naturally in other 
squat trees or any other citrus plants. Cross- -protection 





















| interact in various ways with certain of the other 
rus viruses, it is not related to them?®. This com- 
munication presents evidence of the existence of strains 
he yellow vein virus based on cross-protection tests 
i studies of the synergistic interaction between yellow 
in and vein enation viruses. 

Symptoms in plants singly infected with yellow vein 
virus are usually very mild and restricted mostly to yellow- 
of veins of an occasional leaf followed by recovery or 
of symptoms in subsequent growth. Grafts from 
vered plants frequently fail to transmit yellow vein 
When the symptomless plants are inoculated with 
unrelated virus of vein enation, severe yellow vein 
nptoms reappear and severe dwarfing results. Because 








=o of the unusual and erratic behaviour of yellow vein virus | 


when it oceurs alone, making the identification of strains 
based on symptom. expression and cross-protection re- 
‘actions unreliable, the differentiation of strains of yellow 
vein virus was made- by combining it with the vein 


enation virus and examining: the variation in: ashlee 


response, _ ee 
The same grafting techniques described: + anothe: 


paper? were used in these im Setigations.” 











356 
Body of Table + 16-6 


Xamination revealed that although the yellow vein virus | 


oto healthy indicator 


N2 = 100 ib, uae; N3 = 200 Ib. Nac. (nitrogen as urea). 
four virus-infected Eustis limequat trees, designated 
Tulare and Coachella, were used as virus donors. | The 
remaining two yellow-vein-virus-infected limequat: trees 
were found to be unsuitable as donors because they also 
carried other citrus viruses. Vein enation virus came from 
a citrus plant that had been infected experimentally by. 
Myzus persicae (Sulz.). Virus-free Mexican lime, C. aurantt- 
folia (Christm.) Swing., and rough lemon, ©. jambhiri: 
Lushington, were used as indicator plants. | 
Virus-infected Mexican lime and rough lemon plants 
exhibit two distinct types of vein yellowing, depending 
on the source of the yellow vein virus interacting with 
the vein enation virus (Fig. 1). One (Tulare + vein 
enation) consists of severe yellowing of the veins of every 
leaf of the plant and severe dwarfing. In some cases 
plants infected with this virus combination are killed. 
The other (Coachella + vein enation) shows milder vein 
yellowing, with fewer leaves affected, and less dwarfing. 
These symptoms, referred to in this communication as 
‘mild’ and ‘severe’, remain constant and unaltered. 
Transfers of buds from the mild and severe types. to 
healthy indicator plants, in every case, produced the mild 
and severe symptoms. In no instance did the mild stram 
(Coachella) induce ı severe (Tulare) symptoms or vice versa. 





Fig. 1. Leaves of rough lemon infected with yellow: vein. ànd veim 
enation viruses. Left, severe yellow vein -+ vein enation viruses ; right, 2 
mild yellow. vein | + vein. enation viruses = 
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In a series of cross-protection experiments, ti ue Rota o 
plants with the severe symptoms was grafted lants 
with the mild type of symptoms to determine 2 
type would prevent or interfere with infec 
severe type. Protection was evident “in 
challenged plants. with 4 he. mild l syi yipt 
changed. Transfers o on 
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caused by strams of the same virus when each reacts 
synergistically with vem enation virus, rather than by 
different viruses 

From the results presented here ıt 18 concluded that the 
virus inducing yellow vem im citrus exists as strains Two 
distinct strams are recognized Strain Tulare is considered 
the severe stram which, ın combination with vem enation 
virus, causes severe synergistic reactions in plants used 
in these tests Stram Coachella causes milder synergistic 
responses in the mdicator plants when combined with vem 
enation virus and ıs identified as the mild strain 

The discovery of strains in the yellow vem virus 1s 
interesting because of employment of the mteractions 
between unrelated viruses to differentiate related strams 
of a virus In this situation synergy appears to magnify 
the differences between related strains, making them more 
easily distinguishable Attempts to separate strans of 
vein enation virus based on this synergistic reaction 
between ıt and yellow vem virus are now being made 

I thank Mr M K Harjung for valuable assistance 
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STATISTICS 


Analysis of Spray-drop Data 


THE spray-drop method of Wilhams and Backus}? 1s a 
valuable technique ın electron microscopy for the estima- 
tion of virus concentrations A statistical analysis was 
described ın the origmal papers? In 1958 we showed! 
that this analysis was valid and gave a test to check that 
m any estimation the pars of numbers used. were unlikely 
to contam variations due to causes other than purely 
random ones We pomted out that the ratio between 
the number of virus { V:) and the number of latex (La) m 
the «th drop can be expected to vary between one drop 
and the next for two reasons There ıs the variation 
due to random movements of the particles, both virus and 
latex, im suspensions at ordmary temperatures which 
introduces an uncertainty mto whether a particle 1s in 
or not in a drop at the mstant of formation This mtro- 
duces a variation m the numbers of particles expected m 
drops of the same size from a uniformly mixed suspension 
It will have a Poisson distribution and has been termed 
by us mherent variation The second reason 1s due to 
experimental factors—inadequate mixing, contamination 
durmg spraying, aggregation of particles, etc , and these 
have been termed mduced variations Our test shows 
whether the pairs of numbers obtamed from a series of 
drops contain variations ın excess of that which would 
be expected from the inherent variation alone This test 
does not make any assumption about drop size and may 
be apphed to a collection of droplets of any size distribu- 
tion 

Opfell® has described a non-parametric test to discover 
any defects m the expermmental technique Such non- 
parametric tests (though usually less precise than para- 
metric ones) are useful, but Opfell appears to have mis- 
understood the prineiples of our test when he justifies 
the need for his non-parametric one by mplymg that our 
test 1s msufficnent by itself. Thus he says, “If the raw 
data satisfy the Wuliamson and Taylor tests and are free 
from mduced vanation arising from large variation m 
droplet size ”, but he does not explain what mduced 
variation he expects to get arising from “large variation in 
droplet size” Variation m droplet size does not itself 
add further mduced variation, and our test checks for 
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induced variation from all causes. Thus, if our test 1s 
satisfied, then ıb 1s reasonable to infer that the expermm- 
ental data are satisfactory 

Watson® has published a statistical analysis based on 
correlation coefficients and regression lines We have 
already pomted out‘ that correlation coefficients by them- 
selves are misleading, and regression line analysis as 
presented by Watson 1s therefore unsatisfactory. He 
finds the regression lne for V on L and compares the 
standard error of the estimate of V with the intercept of 
the lne on the V axis If the error 1s the greater, Watson ` 
considers that the regression ıs a straight lme not sig- 
nificantly different from a hne through the origm If the 
standard error is less than half the mtercept, then he 
considers the straight hne is significantly different and 
the correlation (no matter how good) does not mdicate 
consistency of the virus/latex ratio In fitting the regres- 
sion hne as V on L, Watson tacitly assumes that the 
values of L are exact compared with V for each drop 
This ıs not valid, as pointed out here, because mherent 
variations are present m both V and L A regression 
hne fitted so that it passed through the orgm and the 
sum of the squares of the perpendiculars from each pomt 
to the lne ıs a mimimum would give the correct best 
estimate of the ratio from the slope of the lne, but no 
estimate of the presence of induced variation would be 
possible since correlation coefficients as a test for con- 
sistency are of no value in this case 

Other authors’»§ have used the x? test The values of x? 
are very close to the values of 2F obtamed from our 
test and which 1s itself distributed as y? It 1s important 
to bear in mind the criteria which the tests are checking. 
Our hkehhood test ıs an approximate test for the follow- 
ing two criteria (a) If we could obtain many drops of 
exactly the same size the number of particles ın them 
would form Poisson distributions about means vz and uz 
for the virus and latex respectively, (b) the ratio 
%1=Vi/us 18 Constant for all 2, that is, all drops 

The simple y? test ıs an approximate test for the one 
criterion as expressed in (b) This test makes no recogni- 
tion of any distribution such as (a) 

It 18 also important to consider the approximations 
mvolved The maximum lıikelhood test is approxumately 
true for a large number of drops regardless of the counts 
within the drops The ordinary y? test 1s approximately 
true only when both the number of drops 1s large and the 
numbers within each drop are large (or made large by 
compounding drops) However, m most experiments 
the numbers volved are sufficiently large 

The values of y? from the two tests usually differ It 
can be shown that for a large number of drops 


3 3 R+1/R 
te = tee ET 
where x; 18 the component of x? due to Vr and Jy counts 


ın the sth drop in the hkelihood test, xj, 18 the component 
of x? for the th drop in the ordinary test, 


T= Vi/Li, R=% VEL 


Thus the contribution of the zth drop to the y? of the 
likehhood test can be greater or less than the x? of the 
ordinary test 

It appears that all authors determme the ratio of virus 
to latex m the vahd way that 13 (R=2Vi/Xln) We 
conclude, however, that not all authors use a valid test to 
check therr data before computing this ratio Any test 
based on correlation coefficients {and therefore including 
regression analysis) ıs mm our opmuion unreliable The 
ordinary yx? test may be used, but bemg a general test for 
the equality of proportions may lead to the acceptance 
of data which on a more stringent test would be rejected 
The method we have proposed represents the classical 
statistical approach apphed to this problem and provides 
a solution in an easily workable form The criteria tested 
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are more stringent than the ordinary y? test smce a further 
requirement 1s added that the numbers of particles m 
drops of identical size would be Poisson distributed 
K. I WILLIAMSON 
Department of Scientific and 
Industrial Research, 
Plant Chemistry Division, 
Palmerston North, 
New Zealand 
W B TAYLOR 
Meat and Wool Boards, 
Wellington, 
New Zealand 
‘Williams, R G@, and Backus, R C,J Amer Chem Soe , 71, 4052 (1949) 
2 Backus, R C, and Willams, R C, J App Phys., 21, 11 (1950) 
è Lura, S E, Williams, R C,and Backus, R C,J Bact , 61, 179 (1951) 
‘Williamson, K I ,and Taylor, W B, Bret J App Phys , 9, 264 (1958) 
> Opfell, J B , Nature, 186, 822 (1960) 
* Watson, D H, Biochim Biophys Acia, 61, 321 (1962) 
* Bresse, jun, S 8., and Trautman, R , Virology, 10, 57 (1960) 
Crocker T T , and Bennett, B M., J Immunol , 69, 183 (1952) 


t 


A Method of Calculating Net Assimilation 
Rate 


A USEFUL measure of the photosynthetic efficiency of 
plants ıs ‘net assimilation rate’ (E) defined by Gregory? as 
the rate of increase of dry weight (W) per unit of leaf area 
(L), that 1s 

1 dW 


H= sy ai (1) 


In measuring W the plant is destroyed, so changes n W 
can be determined only by successive sampling from a 
population of plants, involvmg sampling errors In prac- 
tice samples are commonly taken at intervals of 1-4 weeks 
for measuring both Wand L The paired W and L sample 
means may then be used to calculate Em, an estimate of 
the mean E for each time-mterval (f,—7%,), usually as 
proposed by Gregory? 


W, — W)(loge La —loge L. 
By = Walog La = loge Ly) (2) 
(ta —¢,)(L2— Dy) 
Applheation of this formula to data recorded by ono of 


us (J.C S A) im an experiment on partial defohation of 
maize gave the results shown ın Table 1 


Table 1 MEAN VALUES OF Ex (G/M*/ WEEK) 

Period in weeks after flowering 
2—4 4-6 6-8 
Control 42 0 235 33 1 278 
Defohated 43 2 25 9 25 3 36 1 
SE +38 +42 +61 +93 


There were 6 plots of partially defoliated plants and 6 of 
controls Samples of 9 plants were taken from each plot 
at fortnightly intervals 0-10 weeks from flowermg The L 
values at week 10 and hence the Hy, values for weeks 8-10 
were unreliable because of the large number of senescent 
leaves, and have been omitted from Table 1 Tho stan- 
dard errors are calculated from the variation between 
replicates 

The errors of Table 1 are large and the values fluctuate 
erratically, particularly in the later periods This is 
because differences in W, which are subject to large 
errors, have to be taken and the errors of successive 
differences are negatively correlated 

It occurred to us that these errors might be greatly 
reduced by fitting smooth curves to W and L, an approach 
which appears to have been overlooked by previous 
writers on this subject (see Watson? for a review and 
bibhography) 

In this experiment quadratic curves gave a satisfactory 
fit, as 18s shown by Fig 1 The S E sof W were calculated 
from the variation between replicates; this tended to 
increase with time but was reasonably homogeneous over 
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Time (wk ) from flowermg 


Fig 1 Changes in dry weight (W), leaf area (L) and net assimilation 
rate (E), of maize plants durmg 10 weeks following flowering 


all dates after a log transformation The S E s shown m 
Fig 1 are, the de-transformed values derived from the 
single pooled S E oflog W In order to provide estimates 
of E and their errors quadratic curves W =a+ bi+cé# and 
L=a'+b%+c’t? wero fitted to the W values (including 
week 10) and the Z values (up to week 8) for each plot 
separately From (1) 1t follows that 

b+ 2et 
a’ +b%t+0'F 
This was evaluated for each plot for =Ù, 1, 2 8 weeks 
The treatment means of the values for ¢=1, 3, 5, 7 (the 
mid-points of the tervals used ın Table 1) are shown in 
Table 2, and a graph of the mean Æ of the control plots 1s 
mceluded in Fig 1 


E= 


Table 2 MEAN VALUES OF E (a/M°/WREE) 
Period m weeks from Powering 


fi 
Control 37 0 32 0 277 23 8 
Defohated 39 0 $21 260 22 2 
SE +22 +16 +16 +22 


The results of Table 2 are much more regular than 
those of Table 1, and the errors are much smaller. The 
values for the different times are not, of course, ndepen- 
dent, but differences between treatments (for example, for 
average effect and rate of change) can be tested, in cases 
of doubt, by calculating the mean (m) and regression 
coefficient (b) of a surtable selection of calculated Æ values 
for each plot and comparing the treatment mean m and b 
values ‘Thus we have 


Pad 


m 
Control 301 (+15) —22 {+ 0-5) 
Defohated 29 8 (+15) -28 (+8 5) 


The general falling trend of E with time 1s well established, 
and the absence of treatment effect 1s shown by the non- 
significance of m and b differences 

Inherent in the curve-fitting method ıs a smoothmg out 
of any deviations from the general trend of # with time. 
This loss 1s of no consequence here as the apparent 
deviations seen in the Hy figures are of little statistical 
significance and, even if to some extent genuine, are 
irrelevant to the mam purpose of the investigation 

The method ıs essentially empirical, and there 1s no 
necessity for the parameters of the curves to have bio- 
logical significance, provided that the curves adequately 
deseribe the time changes of W and L 

A J VERNON 
Statistics Department, 
Rothamsted Experimental Station 


J © S. ALLISON 
Agricultural Department, 
University College of Rhodesia and Nyasaland. 
‘Gregory, F G , Third Ann Rep Exp Res Sta , Cheshunt, 19 (1917) 
? Gregory, P G, Ann Bot , 40, 1 (1926) 
1 Watson, D J, Advance Agron, 4, 101 (1952) 


No. 4908 November 23. 1963 
FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, November 25 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W C 2), at 230 pm and 5 30 pm —Colloquium on 
“Recent Advances in DC Amplifiers”, 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W 12}, at 4p m —Prof A W Woodruff “Recent 
Advances in Tropical Medicine” * 


BRITISH SOCIETY FOR THE HISTORY OF SCIENCE (m the Lecture Theatre 
of the Science Museum, Exhibition Road, London, S W 7), at 5380 pm 
—~Mr S C Goddard "Lous Ducos du Hauron and the Early History of 
Colour Photography” 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W C 2), 
at 5 30 p m —Discussion on “Is Load Shedding Necessary and How Can 
Its Effects be Minimized?” opened by Mr A E Hawkms 


UNIVHRSITY OF LONDON (in the Anatomy Theatre, University College, 
Gower Street, London, W C i), at 680 pm—Dr HE Schatzman (Paris) 
“Nuclear Reactions at the Surface of Stars and Stellar Evolution” * 


BRITISH MEDICAL ASSOCIATION (at the National Hospital for Nervous 
Diseases, Queen Square, London, WC1), at 6 pm-—Dr Macdonald 
Onitchley, FRCP “The Problem of Visual Agnosia” (Tywelfih Victor 
Horsley Memorial Lecture) ” 


ROYAL SOCIETY oF ARTS (at John Adam Street, Adelphi, London, W C 2), 
at 8 p m —Dr T Vickerstaff ‘‘Scientific Aspects” (Second of three Cantor 
Leotures on ‘Colour m Modern Life” ) 


i Tuesday, November 26 


UNIVERSITY or LONDON (in the Anatomy Theatre, University College, 
Gower Strect, London, W C 1), at 115 pm—Dr W A Smeaton "Early 
Balloon Ascents, 17838~1795’’.* 


University oF LONDON (at Imperial College, London, S W 7), at 130 p m 
—Mr D E Broadbent “Adjusting to the Environment Learning”, 
(Fourth of five lectures on “The Basis of Expermmental Psychology” )* 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, S W 1), at 6 30 pm—Mr R A Stephenson and Mr O T Barfod 
“Tanker Accommodation ın the Mersey at Tranmere” 


RESEARCH DErENon SOCIETY (in the Physiology Lecture Theatre, Uni- 
versity College, Gower Street, London, W C 1), at 530 pm—Sir John 
Ritchie, CB “The Bradication of Bovine Tuberculosis and its Importance 
to Man and Beast” (Thirty-second Stephen Paget Memorial Lecture), 
followed by the Annual General Meeting 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 5 30 pm 
—Prof R L F Boyd “Exploration of the Upper Atmosphere by Space 
Vehicles” (Afternoon Lecture for Sixth Form Boys and Girls from Schools 
in London and the Home Counties Further Lectures on November 27 and 
December 3 and 4 ) 


UNIVERSITY Or LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W C1), at 630 pm— 
De W E van Heynmgen “The Bacterial Neurotoxms” (Twelfth of 
eighteen lectures on “The Smentific Basis of Medicme” organized by the 
British Postgraduate Medical Federation )* 


INSTITUTION OF ELECTRICAL ENGINEERS, and the ROYAL AERONAUTICAL 
Society (at the Institution of Electrical Engineers, Savoy Place, London, 
WC2), at 6 pm-—~Duiscussion on “Installation Aspects with Particular 
oe to the Cooling of Electrical Equipment in Aircraft” opened by 

r mer 


INSTITUTION OF MYCHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 
1 Birdcage Walk, Westminster, London, S W 1), at 6 pm—Symposim 
on “The Design of Small Mass-Produced Motor Car Engines” 


UNIVERSITY or LONDON, and the INSTITUTE OF BANKERS (in the Library 
of the Institute of Bankers, 10 Lombard Street, London, E C 3), at 6 pm 
—Dr T A Margenson ‘Britain To-morrow—a Consideration of How 
Best to Mobilise Her V Scientifically”. 


SOCIRTY FOR ANALYTICAL CHEMISTRY, PHYSICAL METHODS GROVP (at 
the Chemical Society, Burlington House, Piccadilly, London, W 1), at 
6 80 p m —Nineteenth Annual General Meeting, followed by Dr. W Cule 
Davies “Selection of a Phy sical Method” 


Socrety oF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP (at 
14 Belgrave Square, London, S W 1), at 6 30 pm-—~Dr J Idris Jones 
"Organo Aluminum Polymers” 

ROYAL INSTITUTE OF CREMISTRY Gomt meeting with the SOUTH-EAST 
Essex TECHNICAL COLLEGE CHEMICAL SOCIETY, at the South-East Essex 
Technical College, Longbridge Road, Dagenham), at 7 pm—Mr, W G 
Busbridge “Isotopes m Industry” 

SOOIETY OF INSTRUMENT TECHNOLOGY, SYSTEMS ENGINEERING SECTION 
(at Manson House, 26 Portland Place, London, W 1), at 7 pm —Mr V A 
Gault “Lift Control Using Static Switches” 


Tuesday, November 26—-Wednesday, November 27 


ASSOOIATION FOR THE STUDY OF ANIMAL BEHAVIOUR, and the Z0oo- 
LOGIOAL SOCIETY OF LONDON (in the Meeting Room of the Zoological Society 
of London, Regent’s Park, London, N W 1), at 10 30 a m dauly-—Sym- 
posium on “Social Organisation of Animal Communities” 


IRON AND STEEL INSTITUTE (at Church House, Great Smith Street, 
London, S W 1), at 945 am on Tuesday, and 10 am on Wednesday-— 
Autumn General Meeting Conference on “Fume <Arrestment in Steel- 
making Processes” 


Wednesday, November 27 


UNIVERSITY OF LONDON (n the Anatomy Theatre, University College, 
Gower Street, London, WC 1), at 2pm—Dr H Lehmann “Genes and 
G eg”, 
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SOCIETY OF CHEMICAL INDUSTRY, Foop GROUP (at 14 Belgrave Square 
London, S W 1), at 3 pm —Meetmg on “The 1863 Food Gr ummer 
Conference and Tour m the Netherlands”, oo re 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W C 2), at 5 30 p m —Duiscussion on “The Applica- 
Hor of eno Building Bricks” opened by Mr. I V Idelson and Prof, 

P Tay 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Bavo 
Place, London, W C 2), at 6 30 pm — Discussion on “Hgh Voltage Genera: 
tion and Distribution of A © m Ships” opened by Mr D Gray 


BRITISH INSTITUTION OF RADIO ENGINEERS (at the London School of 

wa and Sa Benamne, Smee Street Gower Street, London, 
; p m—Annual General Meeting, 

Addrasé Of Me T To aal Sone g, followed by the Presidential 


SOCIETY FOR VISITING SCIENTISTS (at the English-Speaking Union, Darte 
mouth House, 37 Charles Street, London, W 1), at 780 p m —Duseussion 
Meeting on “Science Centres”, Chairman Prof A finddow, FRS 
Speakers Mr J E Cummins and Sir Robert Robison, O M »,FRS 


Thursday, November 28 


PLASTICS INSTITUTE, REINFORCED PLASTICS GROUP (at the Royal Insti- 
tute of British Architects, 66 Portland Place, London, W,1), at 10 am — 
Conference on “Sandwich Construction”, 


UNIVERSITY OF LONDON (ın the Anatomy Theatre, University College, 
Gower Street, London, WC1), at 1165 pm—Dr J L Watling “Can 
There be Two Things Exactly Alike?” * 


ROYAL SOCIETY OF ARTS, COMMONWEALTH SECTION (at John Adam 
Street, Adelphi, London, WC 2), at 515 pm—Mr ‘Tom Harrisson 
100,000 Years of Stone Age Culture ın Borneo”, 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION tot 
Savoy Place, London, W C 2}, at 5 30 p m —Mr F J D Taylor, OBE, 
Mr W J Bray and Mr R W White “The Results of ‘Tests at Goonhilly 
with the Experimental Earth Satellites Telstar and Relay” 


INSTITUTION OF ELECTRICAL ENGINEDRS, SCIENCE AND GONERAL DIVISION j 
(at Savoy Place, London, W C 2), at 5 30 p m —Discussion on “Considera- 
tion of the Practical Applications of Lasers” opened by Dr Dens Taylor 
and Dr R P Howson 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W C 1), at 530 p m —— 
Dr A P Waterson “The Structure of Viruses” (Thirteenth of eighteen 
lectures on ‘The Scientific Basis of Medicme” orgamzed by the British 
Postgraduate Medical Federation )* 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (Jot meeting with 
the BATTERSEA COLLEGE OF TECHNOLOGY CHEMICAL Socrety, at the 
Battersea College of Technology, Battersea Bridge Road, London, S W 11), 
af 8 30 pm—Prof J Lewis “Magnetic Criteria for Stereo-Chemustry of 
some Cobalt II Complexes” 


Friday, November 29 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W 12), at 10am—-Dr Audrey Smith “Survival 
of Frozen Cells, Tissues, Organs and Animals” * 


INSTITUTE OF INFORMATION SCIENTISTS (at the Swedenborg Society Hall, 
20 Bloomsbury Way, London, W C 1), at 615 p m —Mr Robert Maxwell 
“The Economics of Publishing Scientific Material” 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 9 pm-— 
pee eae Percy Snow, CBE “The Two Cultures and the Sorcerer's 
pprentice” 


Saturday, November 30 


Roxat Society (at Burlington House, Piceadilly, London, W 1), at 
230 pm —Anniversary Meeting 


LONDON COUNTY COUNCIL (at the Hornman Museum, London Road, 
Forest Hall, London, § BE 23), at 330 p m -—Mr Raymond Clausen ‘Some 
Aspects of Music and Iafe To-day in Malekula, New Hebrides” * 


BOTANIOAL SOOIETY OF THE BRITISH ISLES Gin the Botany Department, 
British Museum (Natural History), Cromwell Road, London, S W 7), from 
2pm to 530 pm—Annual Exhibition Meeting 


Monday, December 2 


UNIVERSITY OF LONDON (at the Royal Vetermary College, Royal College 
Street, London, N W 1), at 4 pm-—Prof John Francis (University of 
Queensland) ‘‘Veterinary Research and Education in Australia’ * 


INSTITUTION OF ELNCTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W C 2), at 5 30 pm-—M€r F Horner ‘Atmospheric 
Radio Nowe as a Problem in Radio Communications” 


BRITISH INSTITUTION OF RADIO ENGINEERS, COMPUTER GROUP (Jomt 
meeting with the COMPUTER GROUP of the INSTITUTION OF ELECTRICAL 
ENGINEERS, at the London School of Hygiene and Tropical Medicine, Keppel 
Street, Gower Street, London, W C 1), at 6 p m —Symposium on “Analogue 
Cireutt Techniques using Transistors”. 


INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION AND TRAINING 
Grour (at 1 Birdcage Walk, Westminster, London, § W 1), at 6 pm— 
Discussion on “Some Experience on Projects m Courses for Diplomas m 
Technology” 

ROYAL SOCIETY OF ARTs (at John Adam Street, Adelphi, London, W C 2), 
at 6 pm-—Mr Hulme Chadwick ‘Colour and Community”. (Last of 
three Cantor Lectures on “Colour in Modern Life” ) 


Society OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave 
Square, London, S W 1), at 630 pm-—Mr H R Hearn ‘‘Techmeal 
Developments ın the Aerosol Field” 


ROYAL GEOGRAPHICAL SooreTry (at 1 Kengington Gore, London, S.W.7), 
at 815 pm—Mr Norman G Dyhrenfurth ‘America on Everest”, 


816 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before 
the dates mentioned 

PHYSICIST (Basic grade), initially for trammg and routine work on the 
physical aspects of radiotherapy (including high energy X- and Gamma- 
Foe a Secretary, Mount Vernon Hospital, Northwood, Middlesex 

ovember 

EXPERINENTAL OFFICER or SENIOR EXPERIMENTAL OFFIOER IN THE 
DEPARTMENT OF THE MECHANICS OF FLUIDS, for duties which will include 
the design and construction of electronic apparatus for use 1n fwd mechanics 
research——The Registrar, The University, Manchester 18 (November 30) 

LEOTURER/ASSISTANT LECTURER (with a good honours degreo and re- 
search experience) IN BoTtany—The Staff Officer, College of Advanced 
eal Gosta Green, Birmingham 4, quoting Ref 11/63/6 (November 


RESEARCH ASSISTANT (with g good honours degree in physics, chemustry 
or metallurgy) IN APPLIED SCIENCE, to work with Dr W G Townsend in the 
Electrical Engmeermg Laboratories on problems associated with the surface 
chemistry of semiconductor materials and other related effects—Dr W G 
Townsend, Engintering Department, University College of Swansea, South 
Wales (November 30) 

SENIOR LECTURER IN MATHEMATIOS-~The Secretary, Royal College of 
Science and Technology, George Street, Glasgow, C 1 (November 30) 

SUB-LIBRARIAN (with a good honours degree and preferably professional 
qualifications and appropriate experience) IN THE FACULTIES OF MEDICINE 
AND VETERINARY SCIENCE—The Registrar, The University, Liverpool, 
quoting Ref. No CV/440/N (November 30). 

LECTURER (with research interests mm the field of organic molecular 
physics) IN PHysics--The Registrar, The University, Manchester 18 
(December 1) 

LECTURER (with a good honours degree and professional or research 
experience im civil or mechanical engmeermg) IN THE DEPARTMENT OF 
ENGINEERING—The Secretary, The University, Aberdeen (December 4) 

LECTURER (with an honours degree m mathematics) IN MATHEMATICS 
IN THE DEPARTMENT OF EXTERNAL STUDIES, University of Queensland, 
Brisbane, Australia—The Secretary, Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall Mall, London, S.W 1 
(London and Brisbane, December 6) 

ASSISTANT LIBRARIAN (honours graduate with library qualificattons)— 
mi The Queen's University, Belfast, Northern Ireland (Decem- 

er 

LECTURER/SENIOR LECTURER IN PHYSICAL CupausTRY at Rhodes 
University, Grahamstown, South Africa—The Secretary, Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, S W 1 (South Africa and London, December 10) 

SENIOR TEACHING FELLOWS and TEACHING FELLOWS IN THE DEPART- 
MENT OF MATHEMATICS, Monash Univeraity, to assist m the teaching of 
one or more of the following subjects applied mathematics, pure mathe- 
matics and mathematical statistics—The Secretary, Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
SWi1, or The Registrar, Monash University, PO Box 92, Clayton, 
Victoria, Australia (Austraha and London, December 13) 

SENIOR TEACHING FELLOWS and TEACHING FELLOWS IN THE DEPART- 
MENT OF PHYSICS, Monash University—The Secretary Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, S W 1, or The Registrar, Monash University, P O Box 92, Clayton, 
Victoria, Austraha (Austraha and London, December 13). 

SENIOR TEACHING FELLOWS and TEACHING FELLOWS IN THE DEPART- 
MENT OF ZOOLOGY AND COMPARATIVE PHYSIOLOGY at Monash University— 
The Secretary, Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London S W 1, or The Registrar, Monash 
University, P O Box 92, Clayton, Victoria, Australia (Australia and London, 
December 18), 

LECTURER, and an ASSISTANT, IN MatTHEMatics—The Secretary of 
University Court, The University, Glasgow (December 31) 

CHAIR OF APPLIED MECHANICS WITHIN THE DEPARTMENT OF MECHANICAL 
ENGINEERING—The Registrar, The Unversity, Liverpool, quotmg Ref 
CV/453/N (January 11) 

UNIVERSITY LECTURER IN PHYSIOLOGY (some preference may be given 
to a candidate with interests m the general field of body fluids and electro- 
lytes)}~-The Administrator, Department of Physiology, The University, 
South Parks Road, Oxford (January 31) 

ASSISTANT EXPERIMENTAL OFFICER (with a pass degree or H NC or, if 
under 22, GO E “A” level (preferably in chemistry and zoology), ONC, 
or equivalent), for a programme of research on the biochemistry of lipids 
and their posable significance in cardiovascular degeneration in experi- 
mental animals—The Secretary, National Institute for Research in Dairymg 
(University of Reading}, Shmfleld, near Reading, quoting Ref 63/N/13 

ASSOCIATE PROFESSOR IN PHakMacoLogy—Prof M FE Murnaghan, 
Faculty of Medicme, University of Ottawa, Ottawa, Canada 

HEAD (with a higher degree, an established field of research ın electrical 
engineermg, and a number of years of university teaching expertence) 
OF THE DEPARTMENT OF ELECTRICAL ENGINEERING, Nova Scotia Technical 
College—The Secretary, Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall London, S W 1, and President G W 
Holbrook, Nova Scotia, Technical College, Halifax, Nova Scotia, Canada 

LECTURER or SENIOR LECTURER (man or woman, preferably with teach- 
ing experience and a knowledge of modern methods) IN MATHEMATICS IN 
THE TRAINING DEPARTMENT, to share ın courses for the BA and BSc 
(General) degrees and the three-year Teachers’ Certificate—The Registrar, 
Goldsmith’s College (University of London), New Cross, London, 8 EÈ 14 

OFFICIAL TUTORIAL FELLOWSHIY IN Puysionogy—The Master, St 
Catherine's College, Oxford 

POST-DOCTORAL RESEARCH FELLOW, for work on a mass spectrometric 
study of gas reactions m shock waves—Prof J E Dove, Department of 
Chemistry, University of Toronto, Toronto 5, Ontano, Canada 

RESEARCH ASSISTANT (with an honours degree and research experience 
in the field of mechanical properties of materials), to take day-to-day 
charge of a research project on the fracture of metals and non-metals— 
Dr R D Hoyle, Mechanical Engineermg Department, Imperial College of 
Science and Technology, London, SW 7 

RESEARCH ASSOCIATE (with a Ph D or honours B Se in physiology or 
pharmacology), to investigate mechanism of action of sympathomimetic 
amines on the tissues of the eye, with special reference to their action on 
intraocular dynamics—Dr M E Langham, Department of Ophthalmological 
o S eae Wilmer Institute, Johns Hopkins Hospital, Baltimore 5, Maryland, 
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Anguille Leptocephal ın the Southwest Pacile By P H J oae he 
1-14 No 34 The Systematics, Development and Distribution o A z n 
of the Genus Gnathophis (Congridae) in Australasian Waters BY, s he 
Castle Pp 15-47 No 85 Studies on the Paua, Halwotss wis Na yni K 
Wellington District, 1945-46 By Mary Sinclair Pp 16 ues pe PS Bead 
86 The Holothurian Fauna of Cook Strait, New Zealand By a (249 
Pp 38 (Wellington Victoria University of Wellington, 1963 P i 
Canada Department of Northern Affairs and Nationa v4 a 
National Museum of Canada, Bulletm No 195 _ The Hunting, ; ro rs 
Hunting Territory Complex Among the Mistassim Indians By eae 049 
Rogers Pp 1v+095 (Ottawa Queen’s Printer, 1963 5 Industeral 
New Zealand Report of the Department of Scientific and D ve 
Research for the x eo ae A March 1963. Pp 87 (H 34) (Wellin ong 
Government Printer, 3 
Plants and the Migrations of Pacific Peoples a Symposium eae iy 
Jacques Barrau (‘Tenth Pacific Science Congress, Honolulu, i aw aie 
Pp v+136 (Honolulu, Hawai: Bishop Museum Press, 1963 } 4 dol a cited 
Department of Scientific Affairs, Pan American Union, Genera ah 
tarat, Organization of American States, and inter-Amencan LS 
Association Technical Center, Inc Science Journalism Pp n +53 oS 
ington, DC Department of Scientifie Affairs, Pan American Un ae 
1963 


) Bulletin 
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1133-0 Geology and Hydrology of the Elk River, Minnesota, 5 Lee 
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County, South Dakota By J A Redden Pp 11+11-+Ąplate 1 rh T 7 
1172  Measurmg Geothermal Gradients in Drill Holes Less Than 2 ave 
Deep, East Tintic District, Utah By T. S Lovermg and H D he e 
Pp iv+48+plate 1 Water-Supply Paper 1588 Ground-Water ology 
of Bexar County, Texas By Ted Arnow Pp v+36+413 plates (Was mg 
ton, DC Government Printing Office, 1983.) [ 

Organisation for Economic Co-operation and Development, Haropean 
Nuclear Energy Agency. Fifth Report on the Activities of the mean pte 
Pp {114+152 (Paris Organisation for Economic Co-operation and Deve FA 
ment, European Nuclear Energy Agency, 1963 } Eir 

nt for Alomenerii „Koeller Research Establishment, Aeren 
Progress Report, January—February—Darch, 
oller Institutt for Atomenergi, Kjeller Research Establishment 


1968 ; Š 
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Woe * rele hore * WOtbe a a 43 neoa Physical Research Department of the Central Research and 


grams Textualist, Estrand, London Development Division 
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SCIENTIFIC FELLOWSHIPS IN 


EUROPE 


The CIBA Fellowship Trust (which was 
founded by the CIBA Compames of Great Britain 
for the purpose of improving and increasing the 
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interchange of _ideas between scienuste = the with good Honours Degree or PhD for work on _ physical 
award a number of CIRA Fellowships to enable properties or polymers One area of work is of special interest i 
graduates of Universities of the U K » Northern to applicants who wish to study the relationship of chemical | 

eland and Eire (who may be at present either a i 
a Universes of in nani) to CARY out re- structure to physical properties the other for those with a 
search at Continental Universities im chemustry, mathematical approach to the physics of high polymers j 
physics or some other allied scientific subject. t 
These Fellowships (of a basic value of £600 for 1 
pre-doctoral and £900 for postdoctoral Fellows, Replies in writing to ' 
plus appropriate additional allowances depending 
on place of study, ete) wall ve tenable for at Personnel Manager, i 
east one year, with the possibibty of renewal UN RES NTR 
for : Ppap ons as two years, and will be D LOP EARCH CE E, 
awarded in April, 4 i A irmi 

Those interested should write to the Secretary Kingsbury Road, Erdington, Bi ngham, 24 
ee oe a ian tanai UAE: il: se: bid aaa : 

gdom Limited, accadilly, London, : uotine reference an tv rie etal age, 
who will provide full details and apphcation q hifte t d > BOVINE f . of £ 
forms The closing date for applications 1s quanyicanons and experience i 
January 15, 1964 

AUSTRALIAN NATIONAL 
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RESEARCH 
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Chemical Abstracts Service of the American Chemical Society has 
umber of positions for men or women in chemical information 
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e Haematocrit Centrifuge 


e of equipment a 
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Pol Div, 
ame lelpful, and ıt does a goad 
Or example, a quarterly payment of 


e Photometer Colorimeter 
~ures a man of 25 an assurance of £3,000 sharing ın 


major profits and payable at death whenever that should occur e Automatic Pipettes 


Such a policy taken out 50 years ago would this year yield over | 
£10,000 on the death of the life assured If you would like to R The Agner Burette 


know more about the many kınds of assurance that the ‘Old e The Perdometer Blood Loss Monitor 


Equitable’ offers, please fill in the coupon below 
get in touch with the Equipment designed by the Specialist 
for the Specialist 


E OLD EQUITABLE EXCELLENT AFTER-SALES SERVICE 
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e staf will have a particu! 
uman genetics The salary 
aloe is £A3,000 to £A3,550 per 
for a Fellow £A2,151 to £A3,000 p 
pointment to age 65 with the 


ment after = os 13 iy confirmed before 
the als ag He utal appomtment which 1s 
for Bye y There are liberal conditions for 
study Jee, and for University grants to support 
such Jeave The salary range for Research 
Fellows 1s £A1,781 to £A2,450 per annum, ar 
pointment is for three years with a possible ex- 
tension to a maximum of five years Superannua- 
tion 1s on the FS.SU_ pattern Reasonable 
travel expenses are paid and assistance with 
housing 18 provided 

Further information about conditions of ap- 
pointment and instructions for applicants may be 
obtained from the Acting Registrar of the Insti- 
tute of Advanced Studies, Australian National 
University, or from the Secretary, Association of 
Commonwealth Universtties (Branch Office), Marl- 
borough House, Pall Mall, London, SW 1 

Interested scientists are invited to write to Pro- 
fessor D G Catcheside, F R S, presently in the 
Department of Microbiology, University of 
Birmingham, Birmingham 15, who will move to 
Canberra in August, 1964 


UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF PHYSICS 


Applications are invited for a post of Senior 
Research Assistant to begin duties on January 1, 
1964, or as soon as possible thereafter The 
person appomted will be required to work on 
the optical and electrical properties of some 
magnetic oxide semiconductors This will im- 
dude the Raman effect, using an infra-red gas 
laser Applicants should have a Ph D ın physics 
or equivalent research experience The appornt- 
ment will be for a penod of three years Com- 
mencing salary up to £1,250 per annum with 
FSSU_ provision 

Further particulars may be obtained from the 
Registrar, to whom applications should be sent 
by December 7, 1963 













experience Goog 
according to training 


in London, England 
Write to 


Mr, E. H. Heilman, 
Chemical Abstracts Service, 
The Ohio State University, 
Columbus 10, Ohio. 


UNIVERSITY OF EDINBURGH 
AND SOUTH-EASTERN REGIONAL 
HOSPITAL BOARD, SCOTLAND 
DEPARTMENT OF MEDICAL PHYSICS 


An Honours graduate Research Electronic En- 
gineer or Physicist 189 required to work on a 
variety of problems involving the application of 
electronics and instrumentation to medical diag- 
nosis and research Previous experience, whilst 
advantageous, 1s not essential Salary on a scale 
£825 to £1,385 per annum ‘The Department of 
Medical Physics 1s housed in new well-equipped 
laboratories and has a substantial graduate and 
technical staff 

Applications, giving the names of two referees, 
should be sent to the Secretary, South-eastern 
Regional Hospital Board, 11 Drumsheugh 
Gardens, Edinburgh, 3, Scotland 


RHODES UNIVERSITY 
GRAHAMSTOWN, SOUTH AFRICA \ 


Applications are invited for the post of Se“, 
Lecturer or Lecturer in Entomology The s! 
scales are Semor Lecturer, £1,590 by £60 |: 
£2,010 per annum Lecturer, £1,170 by £60, 
£1,650 per annum The salary scales given abc 
are under review and tt is hoped that it may 
possible to imtroduce improved scales in 19¢ 7” 
A vacation sayings bonus, as tn the Public Ser- 
vice, is also payable Previous experience and 
quahfications may be taken into consideration 
when determining the commencing salary 

Full particulars and application forms mav be 
obtained from the Secretary, Associationa of Come 
monwealth Universities (Branch Office), Marl 
borough House, Pall Mall, London, SW 1 Ap- 
plications close m South Africa and London on 
January 15, 1964 
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TRADE MARK 


CHEMICALS FOR 


ROUND CALCIUM 


Calcichrome—made by diazotizing and self-coupling H acid 
into a three-unit ring structure—changes colour in the presence 
of certain metal ions and can be used as a sensitive specific 
spot-reagent for Ca and metal indicator for the complexometric 
titration of Cain the presence of Ba (R. A. Close and T. S. West 
Talanta 5, 221 (1960)). Available from stock. 


Code No 2571.7, price lg 7/6 5g 28/6 10g 55/6 


RESEARCH, ANALYSIS AND INDUSTRY 
HOPKIN & WILLIAMS LTD., CHADWELL HEATH, ESSEX, ENGLAND 


Branches: London, Manchester, Birmingham, Glasgow 
Agents throughout U.K. and all over the world 
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“A remarkable achievement in design. consultancy 
and co-ordination. 

All over the world, Baird & Tatlock have designed and 
executed laboratory installations of every type and size. 
Their service includes expert advice at planning stage; 
design and manufacture of special units; and, for some 


projects, on-site supervision of installation. 
For the giant CIBA Research Centre at Goregaon, | | | | | | | | | 
India, BTL were called in to furnish the entire 80 

i Resi 


laboratories -totalling 36,000 sq. ft. of floor space! 
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Some of the laboratories furnished include: | 
Textile Preparation & Dyestuffs Laboratories Analytical laboratories - Balance Room 
Polarimeter labs - Optical Methods labs - Electronic Workshop : Precision Machine shop ° Apparatus Room 
Pharmaceutical Laboratories General Laboratories > Distillation & Extraction labs - Tracer labs 
Paper Chromatography labs - Pharmacological labs > Parasitology labs - Bacteriology labs - Hydro- 
genation laboratory. 
The installation included 2950 ft. of benching | very close liaison with CIBA and their architects E 
and 34 specially designed fume-cupboards with | -the internationally known firm of Suter & Suter. 
balanced draught systems. Pre-serviced racks 
were shipped from England ready for installation | Wherever you are extending existing facilities, 
and the manufacture of all timber workin India | Or planning a complete new laboratory -call in 
was closely supervised by BTL’s design consul- the BTL Furnishings Division! This is the first 
tants, who, at all stages of the project worked in step towards the speedy and successful comple- 
tion of your laboratory project. 


BAIRD & TATLOCK (LONDON) LTD. S 


complete laboratory service Laboratory Furnishings Division 


FRESHWATER ROAD, CHADWELL HEATH, ESSEX 
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PRESIDENT JOHN KENNEDY 


Mews of the assassination, on j d PRETE A 22, 1963, of p, resident 
Kennedy of the United ites of a eS must by now hava reached, 
4 | every part of the world. | 


Many lea of print, and numerous comments by rddio “aul 
Lilevision, have already ated the disgust anil anguish at this AN, E 


indeed monstrous, act; moreover, from every country have gone messages of 


sincere sympathy with Wes. Kennedy P, all other wien of the late 
Presidents family, 


Mriksa Nabire koh that a social note of sympathy ‘should be 
expressed, not only to the late President s family, but also to every American 
scientist from-all other scientists throughout the world. Apart from the personal 
tragedy, we as scientists recognize that ‘in more than one capacity the ale 
President exerted a profound influence on scienlific research and development, 
and its impact on world affairs—an influence which spread far beyond the 
frontiers of the US_A 


Sn our special field of human siidedivour, therefore, we musi remem bik 
this, ARE E deplore ils bist 
LAT Bimbl 
[Editor] 
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Vacuum Coating Units 
Series 12E 


The 12E Series is readily available with a comprehensive 
array of chamber accessories and different pumping systems 
specially developed for research applications, pre-production 
investigations and small-scale production. 

Applications include: all evaporation and sputtering duties, 
anti-reflection coatings, shadow-casting, multi-layer coat- 
ings, lens blooming, front-surface mirrors, surface replica- 
tion, cathodic etching and all general requirements of electron 





LENS BLOOMING ASSEMBLY | microscope work. 
Showing radiant heater covering un- 
Grilled spherical workholder, h.t. dis- EARLY DELIVERY 


charge cleaning electrodes and 4-position 4 
source turret, 





CATHODE-ANODE ASSEMBLY 

To enable the units to be used for sputter- 

ing duties the 4}.in, (121 mm.) diameter 

cathode is mounted beneath the top sup- 
port plate on stand-off insulators. 





4-POSITION EVAPORATION SOURCE 


Shows filaments in position to enable 
four materials to be evaporated in any 
order from the same centre point. Sequen- 
tial evaporation can also be carried out. 





TRIPLE-SPOOL WORKHOLDER 
ey For accurately metalliging small intricate 
es objects. The spools rotate for all-round 

o 5 Uniform coating, = 


EDWARDS HIGH VACUUM 
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YEARS AHEAD WITH 


The remarkable performance of the Pye Type 6001 Precision 
Instrument Switch has made possible what can best be 
described as a ‘breakthrough’ in the design of Precision 
Potentiometers. This is evidenced by the exceptional accuracy 
and ease of operation and read-out so fully realised in the 
Pye Decade Potentiometer. 

The Type 6001 Switch has also been incorporated in a new 
range of Pye Wheatstone Bridges and Resistance Boxes thus 
ensuring that faultless performance will be maintained over 
many years of continuous use. 

in support of these fine measuring instruments is a wide 
selection of null point indicators and other accessories. Most 
significant are the Scalamp Galvanometers, known and used 
in every part of the world, and a new range of Freely Suspended 
Reflecting Galvanometers. The catalogue which describes all 
of these instruments can be sent to you today. 





W. G. Pye & Co. Ltd., 
York Street, P.O. Box 60, 
Cambridge, England. 
Telephone: Cambridge 58866. 


Telegrams: Pye Cambridge 
a Telex: 81215 
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Hundreds of different products in the complete Difco range are 
kept in stock ready to be on your bench without delay. We shall 
always be pleased to obtain other items specially to order. 


Speed, convenience, reliability .. . and remember that Difco 
offer the only complete line of culture media available in U.K. 
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TRADE UNIONS: THE CALL TO REFORM 


HE Broadsheet by B Donoghue, assisted by A. 
Oakley and Janet Alker, Trade Unions in a Changing 

Society *, 18 part of a three-year study of the subject which 
1s bemg carried out by Political and Economic Plannmg 
It was issued two months before the report on economic 
development and planning, which urged the Trade Unions 
to undertake the institutional changes required to enable 
them to function effectively m a world which meroasingly 
requires economic planning, but although the report was 
adopted by the Trades Union Congress at Brighton in 
September, no positrve proposals were advanced <A 
further report on the British Trade Union structure was 
promused for next year, and, ın the meantime, the Broad- 
sheet should encourage the constructive thmkmg within 
the Unions that ıs essential as a first step to reforms that 
must come from the General Council if not from the 
Unions themselves 

The Broadsheot follows an earhe: study, issued im 
July 1962, of Trade Union membership, and shows 
even more clearly than the first Broadsheet the new 
functions which the Trade Unions must exercise m a 
changing society and the urgent need for an improvement 
in the organization and structure of the Unions, mdeed, 
of the whole Trade Union situation in Britain It 19 
obvious from the Broadsheet and from the debates at 
Brighton that some mprovement in management would 
amehorate the situation, if only by removing some of tho 
excuses advanced by the Unions for not undortaking 
reforms, and this may well be the only material con- 
tribution that can come from outside Nevertheless, the 
Broadsheet displays dispassionately the realties of the 
situation and the danger to society as a whole if the 
Trade Unions continue to ignore these realities and fail 
to discover for themselves a new and relevant sense of 
purpose and fail to adjust their functions and organization 
accordingly 

Some trade uniomsts may disagree with particular 
interpretations made in the Broadsheet, and there may 
well be a disposition to ignore some of the changes in our 
whole social and economic life and outlook, or at least to 
imagine that the responsibility for change and adaptation 
in institutions or relationships is solely a Government 
responsibility The changes, however, are too deep and 
fast for this to be a party political matter, and the Broad- 
sheet 18 careful to avoid making them a party issue It 
pomts out, nevertheless, that the troubles which afflict 
industry and especially the Unions ultimately myure all 
members of the community and that there 1s a common 
advantage to be gained from ending them and a common 
responsibilty to work towards ondmg them If, m fact, 
the Trade Union movement fails to ask itself honestly 
the basic questions about its position in the changed and 
still changing Britain, to answer them honestly and take 
the necessary action, m spite of difficult and even pamful 
adjustments, the Unions must become increasingly anach- 
ronistic and will be unable to make positive contributions 
to the new society which 1s emerging m Britain 


* Planning, 29, No 472, June 10, 1963 Trade Unions rn a Changing 
Socety By Bernard Donoghue, assisted by Janet Alker Pp 171-226 
(London Political and Economic Planning, 1963) 6s 


The Broadsheet begins by quoting from a speech by 
Mr George Woodcock to the Trades Union Congress in 
September 1962, ın which he urged the Umons to do just 
this to enquire into Trade Union purpose, to ask them- 
selves what they were here for and then to discuss the 
kind of structure which would enable them to serve that 
purpose After surveying broadly the mdustrial environ- 
ment, including its size and complexity, the new tech- 
niques and changes in materials and processes and m the 
work force, the Broadsheet considers the striking changes 
in the organization, direction and chmate of the British 
economy since before the Second World War ‘The social 
environment is then considered and then the implications 
of these developments are analysed ın a section which 
pomts out that basic objectives proclaimed by the 
Unions only twenty-five years ago have now been 
achieved to a considerable extent and for a majority of 
working people, and much of the social and economic 
framework within which these original objectives were 
pursued has been remodelled 

Nevertheless, the mood of the Unions 1s almost wholly 
defensive and conditions their attitude to change of all 
kinds. More particularly, rtt mbhibits them from dealing 
with the specifie difficulties of mdividual Union practice, 
organization and recruitment, which with the changing 
conditions have sometimes become out of date or hindered 
the appropriate changes The pronounced growth of the 
white collar and female sections presents other problems, 
as does structural decline ın industries and regions where 
membership has traditionally been igh Nor have the 
implications of the extension of higher education for the 
1ecruitment of able officials been faced. 

One result of the failure of the Trade Union movement 
to discover and proclaim for itself any dynamic objectives 
m society to-day and to adapt its practices and organiza- 
tion to contemporary conditions 18s a growing public hos- 
tility to the Umons This 1s unfortunate ım itself, and 16 
tends to encourage unbalanced hostile comment in the 
newspaper Press, with a further consequence that the 
defensive attitude of the Unions is intensified and those 
elements ın the movement who wish to prolong class 
struggle and distrust any advice from outside are encour- 
aged The Broadsheet urges the need for better public 
relations, though ıt admuts that this will depend to some: 
extent on an improvement m the public performance of 
the Unions 

It should be clear enough that, hko the early studies 
which Political and Economic Planning has made of the 
Trade Unions, this further mvestigation 1s thoroughly 
sympathetic Jt recognizes that the traditional role of the 
Unions 1s still necessary and valuable, and ıb pomts out 
that, besides the functions of bargaining, settlement of 
disputes, consultations and communications, the Umons’ 
capacivy to provide workers with a sense of protection 
and, community ın the work-place, and especially mn the 
modern, highly capitalized plant, 1s of great umportance. 
Nor should the services rendered by the Unions in the 
way of friendly benefits and legal advice, or as spokesmen 
on matters concerned with social security, occupational 
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safety and health, be overlooked The very mmportance of 
these continumg functions accentuates the need to 
eradicate weaknesses and adapt the Unions to perform 
these functions with efficiency, unity and authority 

Even more important, perhaps, are the constructive 
suggestions made m the Broadsheet regardmg the new 
functions and purpose of the Unions First, as regards 
frnge benefits negotiated voluntarily between Union 
representatives and employers, while British Trade 
Unions have hitherto shown less mterest m these than 
their foreign counterparts, particularly ın the United 
States, and in spite of some objections which can be 
raised to expanding frmge welfare, especially agaist 
benefits which supplement State provisions, 1t 1s suggested 
that there ıs a great opportunity for the Unions to adapt 
their practices and objectives The objections must be 
taken mto account, but workers in general are highly 
conscious of a need for more security and higher standards 
of welfare 

Next, the special srtuation and needs of women workers 
require attention, and here the Trades Union Congress is 
already taking a positive lead Agam the provision of 
fmendly benefits requires further study, and the Broad- 
sheet makes several imagmative suggestions here To 
many workers a Union could offer a valuable service, for 
example, 1f ıt undertook to keep in touch with them after 
retirement, arranging home visits and providing social 
and holiday facilities This sphere of great and manifest 
need among old people has been comparatively neglected 
m contemporary society, the Broadsheet pomts to an 
opportunity which the Unions might well develop even 
if only among their own members 

There are also opportunities for leure work among 
the younger age groups, though these are perhaps over- 
shadowed by the possibilities for Union provision m the 
field of education This is a subject m itself to which 
many people already consider the Trade Unions should 
give high priority, and devote fresh and original thought 
There is the question of special trammg for lay officers 
of the Union to eqmp them for the efficient execution of 
their duties In particular, the trammg of shop stewards 
18 an issue of major rmportance and urgency, to which the 
Trades Union Congress and the British Employers’ 
Federation have lately been paying close attention Plans 
for a jont campaign to stimulate co-operation between 
employers, Trade Unions and educational institutions to 
provide more courses for which stewards might be released 
from work with pay were announced mn April 

No less smportant ıs the larger question of education 
for the ordinary members as well as for the full-time 
officers It should be obvious that unless Union members 
are well mformed regarding both the changing industrial 
and economic environments, positive attitudes and co- 
operation in planning and wage regulation, technological 
mnovation, the abandonment of restrictive practices and 
so on, cannot reasonably be expected from them Such 
factors will be seen sumply as a threat to ther security 
and the underlying economic umperatives and the ultimate 
benefits to Union members will not be understood While 
it 18 now essential for the Unions to seek to protect their 
members in a constructive manner and without blndly 
opposmg change, they must recognize that the only 
security of employment les in the efficiency and com- 
petitiveness of British mdustry 

Nor are these the only opportunities that confront the 
Unions They have responsibilities to mmorities which 
are often overlooked, and at the national level there are 
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economic objectives which can only be achieved with the 
co-operation of the Unions They could provide the 
institutional lnks between those who plan the policy and 
those who must ultimately work the pohcies, and harness 
the goodwill of the workmg community behind the 
objectives laid down as bemg m the national interest To 
do this they need not abandon any principles, though it 
would mean a change in the traditional conception of the 
role of Trade Unions and willingness to help promote, 
even to take tho muitiative m promoting, efficiency and 
economic growth 

Tf the Unions are to do this, however, ıt 18 incumbent 
on the other parties, and especially the Government and 
the employers, to help by ther own actions and examples 
in creat:ng the conditions within which Trade Union reform 
can be facilitated Many people within the Trade Union 
movement recogmze that changes in its structure and 
organization are desirable. It ıs mportant to strengthen 
ther hand, to confront the movement with the fact that 
the reasons for change are related to its own future 
purpose and well-bemg and so to rally behind the reformers 
the large body of Trade Union members who are moderate 
and sensible but at present are sensitive to criticism, 
on the defensive and uncertam of what to do 

Much of the analysis of the Broadsheet 1s supported by 
a section on the Trade Unions in & recent book, Britan 
1984 Unilever’s Forecast, n which Mr R Brech attempts 
to forecast the economic shape of the next twenty years 
He predicts a break-down. of the big Unions into a number 
of small ones and the loss by the movement of much of 
the industrial and pohtical power ıt has acquired over the 
past two generations Moreover, ıt is hkely to be m- 
creasingly affected by the professionalization of the labour 
force and the growth of strong professional societies, 
covering engmeers, scientists, mathematicians, statist- 
icians and others While these may start as purely 
professional bodies they will increasingly take on pro- 
tective functions 

If Mr Brech’s forecast 1s even approxumately correct, 
it provides sufficient reason for the scientist and other 
professional workers to take a closer terest m the Trade 
Union movement in general Apart from the possibility 
just indicated of mfluencmg that movement from within 
for the public good, the professional worker may some- 
times be able to further that climate of opmion which 
the Broadsheet desiderates as essential for strengthenmg 
the progressive element within the Unions Nevertheless, 
the overriding reason for concern with the future of the 
Unions lias with the ordinary citizen 


MASERS AND LASERS 


Masers and Lasers 

Molecular Amplification and Oscillation by Stimulated 
Emission By Gordon Troup Secondedition (Methuen’s 
Monographs on Physical Subjects) Pp vin+192 
(London: Methuen and Co , Ltd ; New York John Wiley 
and Sons, Inc , 1963) 18s net 


Gi Rese investigation of the interaction of radiation and 
matter received a significant stumulus about ten. years 
ago with the practical demonstration of the first maser, a 
device which relies on the amplification of radiation by 
the process of stimulated emission, For some years the 
use of tho maser principle was confined to the microwave 
region of the spectrum, where 1t has an important applica- 
tion m an amplifier with a very low noise temperature 
Recently the optical maser, or laser, has provided a 
source of radiation m the infra-red and visible regions 
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with a degree of spectral purity, spatial coherence and 
power hitherto unachievable Apart from its numerous 
applications which are now being explored, tho laser 
shows promise of giving a source of high power and narrow 
frequency range in the sub-millimetre or far infra-red where 
no such source at present exists 

The first edition of Dr Troup’s book was published in 
1959 under tho title Masers, and dealt exclusively with the 
microwave device The author was faced with the 
difficulty of writing on a rapidly developing subject, and 
with the necossity of keeping his treatment of the subject 
brief enough to fall within the compass of one of Messrs 
Methuen’s well-established sores of monographs The 
sccond edition, Masers and Lasers, contains essentially 
all the material of the first edition, ın slightly revised and 
corrected form, together with additions describing the 
laser and its development up to January 1962 Apart 
from one chapter, which deals with principles common to 
all regions of the electromagnetice spectrum, only 16 pages 
are concerned with lasers 

The theory of stimulated emission and related effects 
is approached both thermodynamucally, following Ean- 
stem, and through quantum mechanics, maser action 
requires an inversion of population between two energy- 
levels, and the feasibility of produemg such an mversion 
islater discussed The rest of the book ıs concerned mainly 
with a review of experimental methods and progress 

As a treatment of the microwave maser, the book forms 
a most useful summary, which has benefited from the 
1evision, Although it was clearly the author’s intention 
to cover both the microwave and optical regions of the 
spectrum he has confined himself largely to adding 
material to the first edition and has provided a work which 
is not so balanced a treatment as the title suggests 
Relaxation processes, for example, are discussed only m 
terms of crystalline solids, and there 1s no mention of 
equivalent effects in the gas discharge laser The only 
example of the 1elative magnitude of lne broadening 
processes 18, as 1n the first edition, tho microwave tranai- 
tion ın the ammonia molecule There are a number of 
other cases in which the original material has been retained 
unchanged in spite of the necessity for a broader treat- 
ment to include points relevant to lasers 

The monograph 1s one of a series widely used by students 
who on meeting the subject for the first tume might not 
detect some of the erroneous or misleading points which 
appear in this edition Among these are the use of the 
term ‘Q-factor per umit length of waveguide”, an energy- 
level diagram of ruby, without further qualification, which 
1s in fact only that of ruby at room temperature contain- 
ing 0 05 per cent molar of chromium oxide, and the state- 
ment that the diameter of the discharge tube of the first 
helium-—neon laser was 17 cm, instead of 17 mm There 
are also a few cases of confusing notation and incon- 
sistencies which have arisen as a result of the revision of 
the first edition 

The book can be thoroughly recommended as an intro- 
duction to maser principles and as a review of microwave 
achievements in this field The prospective reader should 
not, however, expect an equally full or lucid treatment 
of lasers J H SANDERS 


THE STATE OF PHYSICS 


Physics in the Sixties 
Edited by Prof S K Runcorn Pp vu+112  (Edin- 
burgh and London Oliver and Boyd, Ltd, 1963) 21s 


O mark the completion of the new physics block 

at Kmg’s College, Newcastle upon Tyne, opened by 

Prof P M § Blackett, a series of lectures on aspects of 

physics was given Prof Blackett’s speech touched on 
the development of physies in British universities 

“Consider a moderately large physics department with 

an average of 100 undergraduates taking honours physics 


NATURE 


in each of three years, giving an undergraduate department 
of 300 Taking the present staff/student ratio as 1 . 7 or 
8, as seems accepted as reasonable, there will be about 40 
staff in the department Accepting further that 1 in 5 of 
the staff is a professor, there will be 8 professors. What 
should be the relation of these professors to each other 
and what part should they play in the three main functions 
of the staff—undergraduate teachmg, postgraduate teach- 
ing and direction of research ? 

“My own preference az present is on one hand for a 
completely unitary undergraduate teaching for a single 
unspecialized BSc degree m which every member of the 
staff, mcluding professors, takes part m the teaching 
And, on the other hand, for a number of research units 
with the maximum autonomy at postgraduate level 
In general, I think that every professor, if he wants to, 
should direct such a unit m our mmagmary department 
there will then be about eight such independent research 
units with an average total of five academic staff each ” 

Each of the other chapters in the hitle book is the senpt 
of a lecture mtended to be understood by the layman with 
some scientific knowledge or by scientists working m other 
fields The book should appeal to good sixth-form students 
who wish to obtam a background to their scholarship work 
in physies Prof L Rosenfeld, ın a beautifully written 
chapter, traces the development of matter-force relation- 
ships rom the days of the mythical Hermann Stoffkraft, 
a scientist less up to date, but as real as the mathematician 
N Bourbakı! Sır John Cockcroft discourses on controlled 
thermonuclear fission, and gives warning of the tremend- 
ous difficulties, not realized, m @ premature over-optimism, 
which attend research work on this matter 

Prof F Hoyle has a lecture on the origin of the solar 
system, m terms of récent work on nucleosynthesis, the 
1olatrve abundance of a group of elements and modern 
knowledge of the origm of deuterons A D Garland 
writes on research on the Earth’s interior, known as the 
‘Upper Mantle Project’, C J Gorter gives an excellent 
short history of superconductivity and some possible 
future applications of low-temperature physics, and Prof 
R E Peierls rounds off the seres with an essay on the 
state of physics, in which he deals, in particular, with the 
fundamental particles, the number of which increases in 
a manner which challenges the use of the word funda- 
mental 

The book, a readable and exerting httle work, has been 
edited by S K Runcorn, professor and director of the 
Department of Physics, University of Newcastle upon 
Tyne W L SUMNER 


ELECTRONS AND ENGINEERS 


An Introduction to Advanced Electrical Engineering 
By C Jones (The Higher Technical Series) Pp x+ 452 
(London The Enghsh Universities Press, Ltd, 1962 ) 
35s net 


HE number of books providing a lnk between 
elementary text-books on electrical engmeermg and 
advanced books on specialist subjects 1s somewhat limited, 
and this book is to be welcomed as an addition at a very 
modest price to the range avaiable No claim is made 
for originahty of material and no references are given to 
original papers There is, however, a hst of books from 
which, 1¢ 18 to be presumed, most of the material for the 
present work was drawn 
The book 1s mainly mathematical ın its approach, and 
the standard 1s clarmed to be that of a final-year for a 
first-degree course <A student who had mastered tts 
contents would compare favourably with the average 
student at the time of graduation The book can be 
safely recommended for the advanced student and ıs also 
likely to be of value to many lecturers for reference 
purposes The absence of numerical calculations and 
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problems 18 a disadvantage which the author hopes to 
remove by the issue of a companion volume 

The first chapter contams a useful summary of the 
mathematics required extendmng from elementary trigo- 
nometry to differential equations, Laplace transforms, 
conformal transformations and matrices It 1s too brief 
for any purpose other than to serve as a remunder of work 
learnt elsewhere Electrostatics, magnetism and electro- 
magnetism occupy about one quarter of the book, and there 
follow separate chapters on electron ballistics, circuit 
theory, transients, symmetrical components, measure- 
ments and control systems The last chapter occupies 
more space than the three chapters given to electro- 
dynamics and includes a useful section on magnetic 
amplifiers 

Tho material ıs thus somewhat selective Machmes are 
only mentioned meidentally m the treatment of servo- 
mechanisms ‘Transformers are treated as a creut element, 
and power transmission and distribution are treated as 
problems for circuit theory and symmetrical components 
Measurements are allotted only 40 pages, while valves are 
treated as a component for servo-mechanisms Transis- 
tors and rectifiers are not considered and although contact 
EMF is discussed there appears to be no reference to 
Hall, Seebeck, Peltier and Thomson effects 

Selection 1s, however, essential in order to keop the size 
of the book within reasonable limits, and 1t might well be 
considered better to omit the chapter on “Measurements” 
altogether, since ıb 1s too short to do justice to the subject, 
in order to amphfy the other sections A more serious 
criticism of the book 1s that the fundamental starting 
pomts of the subjects are too heavily condensed, some- 
times to the pomt of maccuracy For example, im 
paragraph (2) of Chapter 2 it 1s stated that a charge q 
produces an imfluence ın space which can be observed 
experimentally This is not true Experimental observa- 
tion can only be made of the reactions between charges 
Electric intensity 1s a mathematical conception which 1s 
convenient, but 1s not subject to observation The use 
of a unit charge for exploring the field 1s also unsound 
There 1s a similar confusion between experimental obsorva- 
tion and mathematical conception m discussing magnetic 
fields The student would be well advised to obtam his 
ideas about the expermmental basis of his subject from other 
books Maxwell ıs unbeatable m this respect, but for those 
who cannot bring themselves to look back earler than 
this century, Jeans 1s to be recommended 

One further omission must be referred to and that 1s 
the lack of a list of symbols or of adequate definitions of 
symbols Thus the symbol Z 1s introduced on p 188 for 
impedance without any definition Impedance 1s such a 
fundamental concept for circuit theory that this omission 
18 difficult to understand 

Once past the start, however the autbor’s treatment 1s 
entirely sound and some of his mathematical solutions 
have an elegance which 1s not always found elsewhere 

A H M ARNOLD 


SKIN FRICTION AND HEAT 
TRANSFER FOR ROTARY FLOW 


Hydrodynamic Resistance and the Heat Loss of Rotating 
Solids 

By L A Dorfman Translated by N Kemmer Pp 

ix-+244 (Edinbuigh and London Ohver and Boyd, 

Ltd , 1963) 638s. 


HE engmeer or scientist concerned with fluid mech- 
anics and its applications is on the whole well served 
by existing text-books and monographs if his problems are 
those in which the motion of any sohd boundaries can be 
regarded as rectilmear and the flow does not contain a 
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major rotary component about an axis. However, for 
problems involving rotary velocity components and where 
the effects of viscosity are important the available books 
have generally provided little more guidance than a few 
references to scattered articles and research reports This 
18 surprising, for these problems are not always particu- 
larly difficult and they can be of great practical importance 
They arise, for example, at various stages in the design and 
performance estimation of compressors and turbines, n 
the flow over propellers, in the cooling of electric motors 
and ın the flight of rotating bodies To the theoretician 
they offer a mch field in which to find those rare gold 
nuggets of fluid dynamics—exact solutions of the Navier— 
Stokes equations 

It ıs, therefore, fortunate and timely that Dr Dorfman 
has prepared this monograph on such topics (stimulated 
1 seems by Prof Loitsyansku), and ths Enghsh transla- 
tion by Prof Kemmer ıs particularly welcome 

The book begins with a presentation without proofs of 
the basic Navier-Stokes equations and equation of energy 
for axially-symmetric flow of an incompressible, viscous 
fwd in lammar and turbulent motion ‘The discussion 
contmues with exact and approximate solutions for the 
lammar flow over an infinite rotating disk and imeludes 
the effects of a flow normal to the surface of the disk, of 
suction over the disk and some non-steady problems such 
as arise when the rotation of the disk 1s suddenly started 
or stopped A bref chapter follows on transition from 
laminar to turbulent flow on the rotatmg disk, this 1s 
based on the work of Gregory, Stuart and Walker, 
but the discussion of the theory ıs too scanty to be very 
helpful to the reader unfamuliaf with this work. The disk 
with turbulent flow in its boundary layer, includmg the 
effects of surface roughness, 1s next considered, and this 18 
followed by a discussion of the heat transfer at the disk 
surface with both laminar and turbulent boundary layers 
It 1s with these topics that the author’s own research has 
been largely concerned Then follows a long chapter 
dealng with various problems of the flow around a disk 
rotating in a confined space, and it includes such topics 
as the effects of a parallel stationary disk, the effects of a 
cylindrical caging, the influence of roughness, leak effects 
and the flow between two rotating disks For such prob- 
lems, the theories are almost always approximate (always 
so with turbulent boundary layers) and the comparisons 
with experiment that are presented are very welcome The 
following chapter 1s concerned with the flow and tempera- 
ture distribution between rotatmg coaxial cylinders with 
the fluid both compressible and mcompressible, and here 
in addition to the classical work of Taylor we find the 
results of some Russian work The final chapter deals 
with a rotatmg body of revolution m amal flow with 
particular reference to a rotating sphere 

It will be seen that the author has confined himself to 
the basic topics that can be readily culled from existing 
sources and he has not attempted to make the book 
exhaustive It 1s largely but not entiroly concerned with 
incompressible flow, and the rotating bodies considered 
are always simple such as disks, cylmders and sohds of 
revolution This has given the author the opportunity to 
assemble his material in a logical sequence and the develop- 
ment 1s sensible and pleasing He has primarily amed at 
presenting the essentials of the theories involved and he 
has not unduly stressed pomts of mathematical nicety 
and rigour The physical assumptions are generally clearly 
stated and he has presented comparisons of theory with 
experiment wherever the expermmental data are available 
Any graduate who has already had a full undergraduate 
course in, fwd mechanics or aerodynamics should have an 
adequate background for studymg this monograph 

Inevitably in a book of ths kmd with its emphasis on 
what the engineer calls ‘workmg methods’, the theories 
for turbulent boundary layers are semi-empirical and 
based on the simplest mrxmg-length concepts, however, a 
criticism which can be made 1s that these concepts are 
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presented with no attempt at a critical assessment of 
ther validity There are very few misprints and no obvious 
errors apart from a brief confused and confusing reference 
to the way ın which the ‘china-clay’ method for observing 
transition works (p 43) A welcome feature of the book 
is the fact that the author has made use of and acknow- 
ledged the available important literature on his subject 
respective of the country of origin The printing, lay-out 
and diagrams are all very good, and Prof Kemmer is to 
be congratulated on the clarity and readability of the text, 
which betrays no evidence of being a translation This 1s 
a book that the engmeer, scientist or research worker 
concerned with fluid mechanics and heat transfer will be 
glad to have ready to hand A D Youne 


WAVES AND SHOCKS IN PLASMAS 


Waves tn Anisotropic Plasmas 

By Prof Wilham P Alls, Dr Solomon J. Buchsbaum, 
and Prof Abrabam Bers Pp x1+280 (Cambridge, 
Mass The Massachusetts Institute of Technology Press, 
1963) 57s 


Magnetohydrodynamic Shock Waves 


By Dr J Edward Anderson Pp xiv+226 (Cambnidge,. 


Mass. The Massachusetts Institute of Technology Press, 
1963 ) 650 dollars, 49s 


HESE two books are respectively the seventeenth 

and sixteenth publications m the series of the 
Massachusetts Institute of Technology Press Research 
Monographs mr each the many different types of wave 
possible within the framework of the analysis are investi- 
gated ın detail, so that m one we find a two-dimensional 
diagram, divided into 13 regions and, ın the other, reference 
1s made to a division mto 52 regions of a five-dimensional 
space Both books are lberally Wustrated with helpful 
diagrams and make excellent reference volumes 

Waves in Anmsoti opic Plasmas 1s divided into two parts 

Part 1 on “Free Waves’, by W. P Allis and S J 
Buchsbaum, and Part 2 on “Energy Power Theorems and 
Guided Waves”, by A Bers Wave propagation is assumed 
to be of the form exp 2 (wt—k r) m the presence of a 
static magnetic field, and lmear equations are used 
throughout with the collision terms neglected soon after 
ther mtroduction For much of the analysis the 
plasma ıs assumed to be temperate (thermal pressure 
gradients are neglected) so that waves of acoustic type are 
excluded, acoustic waves are, however, treated for the 
case of a scalar pressure in & separate chapter The most 
distinctive feature of Part 1 hes ın the use made of 
(a2, 8?) diagrams to discuss the different forms of propaga- 
tion In these diagrams « 1s the ratio of the plasma 
frequency to the appled frequency, w, and B 1s the ratio of 
the cyclotron frequency to œ, so that there are two values 
of B, one for the 1ons and one for the electrons If the 
product of these two values of B 1s now plotted against 
a*, a diagram results m which various limiting conditions 
of resonance (where the phase velocity of the waves tends 
to zero) and cut-off (where the phase velocity of the waves 
tends to infinity) can be plotted as single distinct cui ves 
Thus the cyclotron resonances occur at two constant 
values of the ordinate and the plasma cut-off at a constant 
value of the abscissa («?=1), while the cyclotron cut-offs 
and the plasma resonance occur as two smooth curves 
The set of hmiting curves obtained by this means divide 
the diagram into 13 regions throughout each of which the 
propagation characteristics are broadly the same, and 
these the authors lustrate by means of small phase 
velocity diagrams mserted in each of the regions For 
further clarity coloured hnes are used m some of these 
sub-diagrams A tribute to the informative nature of 
these diagrams is that Spitzer uses very similar Ilustra- 
tions (which he refers to as Allis diagrams) in the latest 
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ne of his well-known Physics of Fully Ionized 
ases 

Part 2 deals with the propagation of power and gives a 
dotauled field analysis of plasma wave-guides for the special 
cases of a static magnetic field umposed along and normal 
to the direction. of the wave-guide The relations needed 
to transform the equations from the longitudinally 
magnetized to the transversely magnetized wave-guide 
are conveniently given in tabular form, and the rather 
compheated equations themselves are given by means of 
clearly laid out matrices This 1s in fact typical of the 
whole book in that emphasis 1s everywhere laid on the 
physics of the situation, and cumbersome algebra ıs 
avoided so far as possible 

In Magnetohydrodynamec Shock Waves the author 
restricts himself to plane shocks which are collision 
dominated such that Hall currents are negligible and that 
the Navier-Stokes approxmmations are vahd, relativistic 
effects are also neglected An mvestigation of possible 
discontinuities consistent with the relevant conservation 
laws (that ıs, the modified Rankine—Hugoniot relations) 
leads quickly to a set of equations connecting upstream and 
downstream parameters These are very effectively illus- 
trated by means of three-dimensional plots for the three 
parameters, temperature, component of magnetic field 
parallel to the shock. and specific volume which by 
continuity 18 directly related to flow velocity In terms of 
these vanables the equations are reduced to three m 
number which can be represented by surfaces of constant 
normal momentum flux, constant transverse momentum 
fux and constant stagnation enthalpy. two of these 
surfaces intersect in a curve which cuts the third surface 
in up to four pomts, any two of which (givimg sıx possi- 
bilities ın all) could represent conditions on either side of 
a shock These three-dimensional intersections can 
surprisingly be visualized quite easily with the help of the 
diagrams, perhaps this 1s just as well, because the reader 
has to accomplish a good deal of visualization before 
coming to the end of the book, and ıt comes as a relief at 
one pomt, much later ın the book, to read “Because of 
the fact that this problem 1s five-dimensional, and hence 
umpossible to visualize ın toto, the discussion of slow 
shocks will be dropped at this pomt ý 

The prme:pal aim of this monograph 1s at discovermg 
whether magnetohydrodynamic shocks can be expected to 
occur m Nature, and this possibility 1s explored ın detail 
by two methods The first of these, followmg Russian 
workers, 1s to investigate the stability of shocks with 
respect to small disturbances In this section a small 
amplitude wave is supposed to disturb the shock, and the 
resulting reflected and transmitted waves are investigated 
with regard to their energy content Boundary conditions 
are available at the shock for determmmg the strengths of 
the diverging waves, but for some types of shock they are 
msufficient in number so that infinitely many solutions to 
the small-wave problem are posstble The interesting 
conclusion 1s drawn that these shocks are non-evolutionary, 
and if they were to exist at any mstant they would 
rapidly break up by spontaneous emission of waves 
Switch-on and switch-off shocks (where the magnetic field 
component parallel to the shock ıs zero before and behind 
the shock respectively) do not belong to this category but 
are nevertheless found to be Lmuiting cases where the 
energy carried away by the divergmg waves tends to 
infinity, so that 1t ıs concluded that these shocks are 
unstable to certam wave disturbances This conclusion 
wil no doubt lead to much controversy as mdicated m 
the short appendix by W H Heiser, which deseribes an 
apparently successful attempt to observe switch-on shocks 
in the laboratory, although this of itself does not contra- 
dict Dr Anderson’s conclusion since there 1s no reason to 
suppose that the shock would meet the required destabil- 
wing disturbance durmg its short hfe-tume m a shock 
tube In later chapters of the book, the shock layer 1s 
mvestigated directly from the differential equations of 
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flow through the shock, and agam the treatment 1s of 
great interest, although rather involved, with results that 
support those of the stability vestigations Apart from 
the existence mvestigations which occupy much of this 
part of the book, close attention 1s grven to the order of 
magnitude of the terms im the differential equations and ıt 
1s shown that some terms, such as the electron pressure 
terms, which have been neglected by previous authors, 
can in fact be important 

Dr Anderson keeps the physics of the problem well to 
the fore, and for the most part the mathematics 1s clearly 
presented E G BROADBENT 
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NATURAL FIBRES 


Vegetable Fibres 

Botany, Cultivation and Utihzation By R H Kirby 
(World Crops Books) Pp xvi+464+ 54 plates (Lon- 
don Leonard Hill (Books) Ltd , New York Interscience 
Pubhshers, Inc , 1963) 84s 


ESPITE the fact that vegetable fibres have been, and 

undoubtedly will continue to be, of the utmost 
importance to mankmd, few comprehensive general 
reference books have been published on their botany, 
cultivation, and production Apart from Matthews 
(Mauersberger), srxth edition, 1956, which deals, neces- 
sarily briefly, with this subject as one section of texte 
fibres, ın general, one has either had to search the litera- 
ture, or else to consult more narrow specialist texts 
(such as Haarer, 1952) or older publications (for example, 
Goulding, 1919) 

The appearance of Dr Kurby’s excellent book comes 
at a time when, large masses of the world’s population are 
arriving at self-government and must realize, mevitably, 
the umportance of husbanding the:rr natural resources 
in the production of wealth Among these, vegetable 
fibres of all types can play a valuable part Not only 
does this book provide an easy means of acquiring tech- 
nical information its recognition of the importance of 
economic factors ıs also most commendable Apart, 
therefore, from students of textiles and agriculture, etc , 
it wil be consulted by textile mterests at executive 
policy-level and also by those entrusted by Governments 
with the economic development of this aspect of agri- 
culture 

The subject-mattor ıs well classified mto botanical 
famihes and deals mamly with plant cultavation and 
fibre production, and to a lesser extent with botanical 
matters In addition to flax, hemp, jute, Hibiscus sp, 
ramie, sunn and Mauritius hemp, sisal, New Zealand flax, 
manila, coir, ete , a large number of lesser-known fibres 
are discussed in detail The chapter on the mechanical 
production of stem fibres ıs a stimulating imtroduction 
to modern practices which may have to play a vital pat 
m the future The very great difficulties of handling, 
expeditiously and economically, large masses of fibre- 
bearmg material, m which the valuable fibre content 
may only be small, the difficulties of umuitating, mechani- 
cally, actions which appear to be so easily, albert labor- 
i0usly, done by hand, and the delicate economic balance 
between mechanization on one hand, and peasant produc- 
tion on the other, are all realistically assessed It is 
obvious that the author, who has visited fibre-producing 
areas all over the world, writes very much from first-hand 
knowledge 

It is to be expected, however, that a pubhecation of this 
type, ın which one author deals with so large a field, 1s 
unlikely to be free from criticism, more especially in those 
sections where information 1s probably second hand 
The comparatively scant attention paid to ‘utihzation’ 
suggests that this term might have been mferred rather 
than meritmg melusion m the title Why, for example, 
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1g jute, second only m bulk importance to cotton, and 
also flax, given only a few lies compared with two pages 
for rame, a comparatively unimportant fibre ? 

It is unfortunate also that clear lme-drawmgs could 
not have been meluded of the bast fibre lattice work 
and its positioning within the stem and also drawings 
or clear photomicrographs of the ultimates withm the 
fibre bundles of most of the fibres mstead of only one or 
two In general, also, the many photographs of decorticat- 
ing, ribbonmg and other machmery are not good, except 
possibly m a pictorial sense, for unhke line drawings 
they do not clearly illustrate how the machines work 
In a reference book, clear tabular presentation of statistics 
is to be expected It ıs to be regretted that many useful 
data are scattered, not very systematically, throughout 
the text, a drawback which will not appeal to the business 
executive It would have been helpful if the admirable 
costing flow-sheets, presented on p 189 for sunn hemp and 
on p 214 for kenaf, could have been repeated for some 
other fibres 

In Chapter 1, and elsewhere, some erroneous generalza- 
tions exist Thus, tensile strength 1s not necessarily the 
most common test to which fibres are submitted {p 8), 
not all fibres are affected by moisture ın thew physical 
properties (p 8), the cementing matter holding the 
ultmmates together m the fibre bundle is by no means 
always pectinous (p 11), nor are all fibres sprayed with 
lubricants or oul durmg processmg (p 13) It 18 not 
necessarily true, ın all aspects of vegetable fibre usage, to 
clam that the higher the cellulose content the more 
valuable the fibre {p 10) Rettmg is not the most mmpor- 
tant operation for all fibres (p 21), many are won from 
their natural setting by mechanical means only During 
the Second Warld War, so-called natural or mechanically 
decorticated-unretted flax was used without de-gumming 
by the dry-spmning industry, which did not find 1t stronger 
or superior to retted fibre (p 35) What are ‘strong’ 
chemicals (p 10) ? 

Greater reference might also have been expected to 
be made to the considerable experience gamed and 
research done by the UK Flax Advisory Committee 
m all phases of flax cultivation, retting and production 
ete , durmg the Second World War, some of which was 
published in Quality ın Flax by A J Turner (1954) 

Apart from these mmor criticisms, however, this book 
1s of undoubted merit well prmted, well-bound, and 
carefully mdexed, with an extensive bibliography, ıb 1s 
assured of wide demand H L Parsons 


A HAND-BOOK OF THE LARGER 
FUNGI 


Collins Guide to Mushrooms and Toadstools 

By Morten Lange and F Bayard Hora Pp 257 (96 
plates) (London Wm Collms, Sons and Co, Ltd 
1963) 30s 


AKOB LANGE’S magnificent coloured plates of 
toadstools im his Flora Agaricona Damea have long 
been among those most valued by specialists in European 
Agaricales It was, therefore, a happy thought on the 
part of his son to make a selection of them available on a 
reduced secale, two-thnuds the size of the origmals, to a 
much wider audience, m the form of a cheap popular 
hand-book dealmg with the larger fungi: A few plates of 
the more conspicuous Ascomycetes, Gasteromycetes, 
Boletes and Aphyllophorales have been supplied by other 
hands, but ıt must be admitted that some of those 
depicting polypores are much less successful than those of 
agarics by J Lange Sometimes, even with the latter and 
with Boletes the colours as reproduced scarcely bear out 
the brief descriptions prmted opposite each plate Oddly 
enough, the figure of Laccaria provima, duly shown with 
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elliptical spores ın the Flora, ıs here reproduced as L 
laccata and sad to have globose spores In the Flora, 
essential microscopic details, especially of spores and 
cystidia, were indicated on the plates by line-drawimgs 
beside the coloured illustrations One wonders why these 
have been omitted from the present work The authors 
must know that a considerable proportion of the species 
depicted cannot be identified with certamty by macro- 
scopic characters alone, even the generic key provided 
cannot be worked without reference to some microscopic 
details To overcome this difficulty spore dimensions and 
other microscopic features are quoted briefly after the 
entry of each specific epithet m the mdex. Some charac- 
teristic basidiospore shapes are drawn mm Figs 11 and 12 
on p 230, while some rather crude sketches of cystidia 
appear m Fig 9onp 228 This appears to be a valiant 
effort by the English editor to overcome a radical defect 
of the original Danish edition 

Because there was no such cheap and rehable hand-book 
covering the same field available m/English, one must be 
grateful to the authors and publishers for their enterprise 
The colour reproduction 1s reasonably faithful on the whole, 
and such blemishes as do occur have probably to be 
accepted a8 mevitable if so many coloured plates are to 
be offered so cheaply m these days of expensive book 
production Anyone tempted to use the book for identifi- 
cation of species in serious ecological or floristic mvesti- 
gations should remember, however, that ıb figures scarcely 
a quarter of the species of Basidiomycetes known to occur 
m the British Isles and that many of the omitted species 
are superficially not so very different from some of those 
iulustrated Identifications to be placed on record should, 
therefore, be checked by reference to the more critical 
works lsted m the bibhography or be verified by a 
specialist while the collections are in a fresh condition 

R W G DENNIS 


LEECHES 


Leeches (Hirudinea) 

Their Structure, Physiology, Ecology and Embryology 
By K H Mann With an appendix on the Systematics of 
Marine Leeches by Prof E W Knight-Jones (Inter- 
national Series of Monographs on Pure and Applied 
Biology Drvision Zoology, Vol 11) Pp vui+201 
(London and New York Pergamon Press, 1962) 45s ; 
7 50 dollars 


DF? K H MANN ıs to be congratulated on this 
excellent book The leeches or Hirudinea are not a 
well-known group of animals indeed, biology students 
normally come out of university knowmg very little 
about them This regrettable state of affairs can now be 
remedied for here is presented, for the first time, a 
comprehensive survey of this small, though important, 
order of the phylum Annelida designed for use by students, 
teachers and 1esearch workers 

The medicinal leech Hirudo medicinalis, 18 taken as a 
type and, with meaningful text and a selection of first- 
class diagrams, its morphology and histology explained 
with exceptional clarity Then the latest knowledge of 
leeches ıs analysed to delight the physiologist, behaviour- 
ist, ecologist, and systematist alike A survey of the group 
introduces the reader to the wide range of form encom- 
passed in the Huirudinea, and chapters on nutrition, 
excretion and water balance, circulation and respiration; 
muscle, nerve and locomotion; sense organs and behav- 
our, reproduction and development, and ecology, 
continue a delightful zoological story 

Finally, there are two appendixes on the systematics of 
the group The first of these, by K H Mann, on fresh- 
water and terrestrial leeches meludes diagnoses from 
sub-orders to familhes and illustrated keys to species from 
Central Europe, Britain and North America The second, 
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by E W Kmght-Jones, provides a key to marine genera 
of the world, diagnoses of North Atlantic genera and 
species, with a host hst 

Extensive use will be made of this gem of a book by all 
zoologists interested in the mvertebrates It ıs especially 
recommended to teachers as & source for new adventures 
by their pupils, for “leeches are fascmating animals, full 
of strange zoological paradoxes” Norman TEsBLE 


TAXONOMY OF TIMBER BEETLE 
LARVA 


A Monograph of the Immature Stages of Australasian 
Timber Beetles (Cerambycidae) 

By E A J Duffy Pp vu+235+11 plates (London: 

Printed by order of the Trustees of the British Museum 

(Natural History), 1963) 105s 


WO major difficulties beset workers m the field of 
larval taxonomy, especially those who, like the author 

of A Monograph of the Immature Stages of Australasian 
Lumber Beetles, deal with large groups on a regional basis. 
First, museum collections of identified larve are usually 
poor or non-existent, and the worker must depend 
heavily on the assistance of resident entomologists m 
those countries which he himself often cannot visit 
Secondly, few such mvestigations are hkely to be complete, 
and taxa must be defined on the basis of less-extensive 
material than 1s available of the adult stage The mdustry 
of Mr Duffy—and his abihty to ehet co-operation—are 
made evident by the excellent coverage of this first review 
of the rmmatue stages of the Australasian Cerambyeidaé. 
All sub-famuhes represented ın the region are character- 
ized in terms of both larval and pupal structures Descrip- 
tions of, and keys to, the late-stage larvæ of 100 species 
are provided, these are representative of 77 genera 
contained ın 43 tribes, more than half the tribes known. to 
occur in the region The pupe of 44 species are similarly 
treated Records of host plant are given for some 250 
species ‘There are also excellent summaries of bionomic 
data (including much previously unpublished), and of the 
control methods used against species of known economic 
significance in forestry The stated aum of the monograph 


-18 to provide a means of identifying the rmmature stages 


of these msects The lucid keys and descriptions, supple- 
mented by very good drawings and photographs, should 
fulfil this purpose adnurably 

In his earlier monographs of the immature Cerambycidae 
of the Palearctic and Ethiopian Regions, Duffy was able 
to select “single fundamental characters”? that defined the 
higher taxa, and to arrange keys that placed these taxa m 
“the generally-accepted sequence of adult classification”. 
In his review of the Neotropical fauna, and in the present 
work, neither of these arms was realized fully Some taxa 
could be defined only m terms of different combinations 
of the same or similar characters Larve often exhibited 
such morphological heterogeneity that portions of the 
same taxon had to be brought out m remote parts of the 
key Such results mevitably place ın question the validity 
of phylogenies deduced from morphological characters 
of the adult stage alone It is mteresting to note that, 
due to divergences of larval characters, Duffy found ıb 
appropriate to elevate to sub-family rank three taxa that 
are traditionally given tribal status 

The Monograph will prove of very great practical 
value to forest entomologists in Australasia, and represents 
a notable addition to Duffy’s series of pubheations m 
this field His next volume, on the Cerambyeid fauna of 
the oriental region, will be awaited with interest 

The printing, format and bmding are of that most 
pleasing quahty one has come to associate with the 
British Museum (Natural History) monograph series 

P. B CARNE 
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The Annual of the British School at Athens 
No 57, 1962 Pp xn+242+53 plates (London 
The British School at Athens, 1963) 105s net 


HE 1962 Annual of the British School at Athens 
is dedicated to the great British eprgraphist, Marcus 

Neibuhr Tod, thus ıb 1s that of twelve articles on Greek 
archeology five are concerned with inscriptions The most 
substantial, by L H Jeffery, 1s on “The inseribed gravo- 
stones of archaic Attica” Miss Jeffery provides a detailed 
catalogue of these inscriptions, establishes between six 
and ten masons operatimg m the sixth century Bo and 
briefly puts together what is known of the named sculp- 
tors of this period Of the other epigraphical contri- 
butions, Daphne Hereward publishes ten Greek inscrip- 
tions from the Khersonese and P M Fraser “Two Dedica- 
tions from Cyrenaica”, the first showing religious links 
between Cyrenaica and Crete, the second between Cyren- 
aica and Samothrace The other two articles use inscrip- 
tions to demonstrate historical theses, that by D M Lewis 
to show that the Island of Keos possessed a federal con- 
stitution ın the first part of the fourth century BC, 
that by A M Woodward to show connexions between the 
famous oracle of Ammon m the Libyan desert and the 
establishment of a sanctuary of Ammon at Athens, also 
in the fourth century BC 

There are two site publications Jones, Sackett and 
Graham publish their excavation of the Classical house 
lyimg near the Aigaleos-Parnes wall, north-west of Athens 
and used for a very short period, about 420-4108 6o The 
article contaims much meticulous information on Classical 
Greek houses, and relates this house to the standard 
publications of those at Olynthus and Athens The other 
site 1s the Byzantine basilica church at Knossos in Crete, 
built early ın the sıxth century a D on top of an earher 
Christian cemetery extending back perhaps as far as 
2004 D This excellent publication of Frend and Johnston 
{with fine photographs of the mosaics) throws hght on a 
little-known period of Cretan history and relates the 
Knossos basilica church to others in the Island 

Of the other contributions, D M Metcalf gives a study 
of Byzantine history in the Aegean from coin hoards of 
Heraclius I (610-641), J Boardman publishes miscellaneous 
finds of the seventh and sixth centuries B c from Knossos, 
and D M Bailey the Greek and Punic Lamps from Tharros 
in Sardinia The only prehistoric articles this year are by 
John Chadwick with “Further Linear B tablets from 
Knossos” and by Hope Simpson and Lazenby with 
another of their topographical studies, this time of 
various islands m the Dodecanese PETER WARREN 


Neutron Diffraction 

By G E Bacon Second edition. (Monographs on the 
Physics and Chemistry of Materials) Pp xu+426 
(Oxford- Clarendon Press, London Oxford University 
Press, 1962) 55s net 


HE use m research m solid-state physics of the 
powerful method of neutron diffraction dates from 
about 1950, when, with the advent of nuclear reactors, 
intense beams of neutrons became available Neutron 
diffraction complements and supplements X-ray diffrac- 
tion, and has particular appheations m the study of 
magnetic and molecular structures and the lattice 
dynamics of crystals 
Prof Bacon ranks as a pioneer and as a leading authority 
in the construction and use of neutron diffraction appara- 
tus When the first edition of his monograph appeared, 
m 1955 it was the first comprehensive text-book on the 
subject The wealth of umque practical experience 
described m it and the important mformation that the 
use of the method had obtaimed or was capable of obtaming 
soon spurred others to make use of the techmique, and 
it is therefore not surprising that the second edition 
quotes some 500 instead of 300 references to published 
work 
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The mam structure of the first edition has not been 
altered. The monograph 1s still divided mto two parts 
The first chapters—now with the addition of a chapter 
on inelastic scattermg—deal as before with the physical 
principles of neutron, diffraction, the experumental methods, 
and the determmation of fundamental data for structural 
investigations The remaimimg nme of the sixteen chapters 
in the second edition discuss the icreasmg number of 
appheations of neutron diffraction, m the determination 
of the atomic positions of light elements, the study of 
molecular structure, the investigation of magnetic 
materials, and the exammation of diffraction by gases, 
liquids and amorphous solids The sections ın the first 
part have been revised and brought up-to-date, and 
much of the second part has been re-written to conform 
with the great mcrease m application of neutron diffrac- 
tion durmg the seven years between the two editions 

The monograph 1s excellently produced, and the text 
and diagrams are easy to read It 1s the standard and 
authoritative text-book on the subject of neutron 
diffraction, and ıt 1s warmly recommended to the honours 
physics undergraduate and to the research worker who 
are interested ım the atomic architecture of materials, 
whether physicist, chemist or metallurgist. 

S WEINTROUB 
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Encyclopedia of Chemical Technology 

Vol 1 Ato Alummium By Kirk-Othmer Pp xx+ 
990 (London and New York John Wiley and Sons, Ltd , 
1963, second edition, completely revised) 260s per 
volume for subscribers to the complete set of 18 volumes. 


T first edition of “Kiırk-Othmeəer” in fifteen volumes 
published botween 1947 and 1956 has won inter- 
national acclaim for the authority of its information and 
amply fulfilled the original editors’ intention of presenting 
the entire field. of chemical technology for professional 
chemusts and chemical engineers who wish to know about 
specialized practices and materials, particularly outside 
ther own unmediate experience The editonal board 
has now embarked on the publication of the second 
edition, which, they claim, 1s more than a mere revision 
of the first All the technological articles have been 
rewritten, some by the same, some by a different, author 
Each author ıs a specialist and each article has been 
reviewed by one or more other specialists 

The first edition concentrated on presentmg United 
States technology, the second ıs to contam contributions 
from other countries This is most welcome, particularly 
if 1t leads to the melusion of European trade names and 
chemical specifications, the lack of which was a drawback 
to British readers seeking comparisons between American 
and European products 

The new volume contains forty-six articles | They 
range from ‘‘Abherents’’, a more sophisticated term for 
release agents used m moulding, casting and baking, 
through “Ablation”, which 1s concerned with the re-entry 
problems of missiles, to ‘“‘Aluminium’’, where mention 1s 
made of the new carbothermic and reduction-distillation 
processes now being studied in France and Canada The 
article on “Alkyd resins” reflects the changes ın the 
meaning of the term smece the first edition was written. 
“Acetate and triacetate fibres” have been separated from 
“Rayon”, and a useful, though not over-extensive, survey 
of the aerosol industry is included He who seeks informa- 
tion on mdustrial alcohol must now wait for “Ethanol” 
to appear 

Changes ın format are mnor An mdex 1s not provided, 
but those readers fortunate enough to have access to and 
experience of the first edition should be able, by judicious 
comparison of the two editions, to overcome this draw- 
back to a large extent 

The first edition appeared, over a ten-year period Tho 
editors propose a similar schedule for this enlarged 
edition W D Mantince 
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INKS Wood Experimental Station of the Nature 
Conservancy was officially opened by Lord 
sham, Minister for Science, on October 28 [see follow- 

rticle]. It is the first research station- in England 
ially built by the Conservancy for scientific research. 

buildings cover some 25,000 sq. ft. They are mostly 
n laboratories, but there are also a library, 


., canteen and hostel block. The tower, which, 





ily about. 50 ft. high, dominates the rather flat 
‘Huntingdonshire countryside, is essentially a water tower 
(needed to ensure adequate pressure in the laboratories), the 








space below the tanks being used to produce fourteen study - 
> bedrooms for postgraduate students working at the Station. 
7 © Thè architect, Mr. K. A. Poole, of Messrs Cowper, 
Poole and Partners, has endeavoured to design a building 
which is functional and yet fits into the traditional pattern 

of the area. The brickwork is similar in colour—a pale 
yellow—to that found in many eighteenth- and nine- 
tecnth-century buildings in Cambridgeshire and Hunting- 

* donshire. The laboratories are constructed from & series of 
units, 11 ft. x 22 ft., which has allowed flexibility in 
design and economy of construction. Unlike many 
recent buildings, the rooms have their main windows at the 
‘narrow end, and the benches are all at right angles to the 
windows. Additional illumination at what would have 
been. the dark end of tho room is obtained by a clerestory 
window, made possible by the lower level of the roof of 

the central corridor. The services run in the corridor roof 

and in the vertical members between the 11-ft. units. 
Laboratories of one or two units are provided, and 
folding doors in the library/lecture room allow meeting - 
rooms of various sizes, up to one which can seat nearly 
three hundred, to be made. Although the standard of the 
_- ‘building work and of the laboratory fittings is good, this 


has proved to be, for to-day,an economical building, costing 


aby. 


ae se ` 


‘not more than about £4 per square foot of floor space. 
‘The Station houses three research sections. They are 
all engaged in work concerned with the Conservancy’s 
~ function of controlling and preserving the flora and fauna 
of Britain, and in giving scientific advice on conservation. 
Monks Wood is called an “Experimental Station” because 
it will tend to concentrate on research in applied ecology 
.. Yather than on the long-term fundamental research carried 
out in other Conservancy stations, and is thus intended 
to serve as a link between the Research and Conservation 
Branches. However, rigid demarcation is not always 
le or desirable, and fundamental aspects of con- 
rvation will obviously be tackled where necessary. 
ion has some 70 acres of arable land attached 
h will be used for experiments. Already some miles 
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Fig. 1, Monks Wood Experimental Station, Huntingdonshire — 


of hedges have been or are being planted, and some 
for.work on soil fauna have been laid down 
meteorological station which keeps record, 
perature, including that at several depths in 
to 4 ft., rainfall, ete., and a ‘potential evapo 
fits into the series maintained by the Conser' 
parts of Britain, to contribute to the study o 
water balance. ce et 
Work will be done where most appropri: 
of Britain; but when possible travelling wi 
minimum. The Station is now responsible for the ma 
ment of the National Nature Reserves of Mon 
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(387 acres of mixed woodland actually adjacent to the 
laboratories) and Woodwalton Fen (514 acres of fen snd 
marshland, about three miles away as the crow flies). Not 
all experiments can be performed on National Nature 
Reserves, where conservation interests must be para- 
mount; but the programme should help rather than 
hinder the preservation and diversity of the flora and 
fauna. f 

The Conservation Research Section is under Dr. EB. 
Duffey, who was previously regional officer for East- 
Anglia, and is thus very familiar with the practical work = 
of the Conservancy. This Section hopes to do research > 
into Nature reserve management, and to build up a store. - 
of ecological knowledge which will be available to organ- 
izations responsible for wildlife conservation. Field work 
at present consists of investigations of the invertebrate. 
fauna of open-ground habitats, mainly grass heaths on 
sand which include many important Nature reserves; the 
management of chalk grassland to preserve floristic rich- 
ness, and a study of fen problems, particularly aquatic 
fauna, at Woodwalton Fen. 

Dr. J. D. Ovington is head of the Woodland Research 
Section. He was formerly at the Conservancy’s Station at 
Grange-over-Sands, where he investigated woodland pro- 
ductivity, work he also developed in the United States. 
This Section carries out research on the productivity of 
the woodland ecosystem, and is responsible for giving 
advice to the Conservancy regional staff on the manage- 
ment of the woodlands in some 56 National Nature 
Reserves. They produce working plans for the reserves 
when this is necessary. Woodland is the natural plant 
cover over most of the land surface of Britain, so wood- 
land research has an important part to play in all reserves, 
even in those where trees have to be discouraged. 

The Toxic Chemicals and Wildlife Section is under Dr. 

N. W. Moore, formerly regional officer in South-west. 
England and a lecturer in the University of Bristol. This 
Section was set up to examine the effects of pesticides 
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e Section, like the rest of the 


a oisonous- substances) may affect conservation. It is 


ag out background investigations on wildlife habitats 


flora and fauna of hedges. 
persistent insecticidal residues in wild populations are in 


progress. These investigations are showing that residues 


‘of organie chlorine insecticides are widely distributed in 
_ terrestrial, freshwater and marine habitats, and that 
predators contain higher residues than other animals. 


>. Field experiments on the effects of pesticides on the flora 
and the invertebrate fauna have 

larly dealing with 
also includes an‘information service which acts for the 

Committee on Ecological Effects of Chemical Controls of 


been started, particu- 
soil inhabiting species. The Section 


the International Union for the Conservation of N ature 
and Natural Resources. 
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EFFECT OF TOXIC SUBSTANCES ON WILD LIFE’ 
By THe Richt Hon. VISCOUNT HAILSHAM, Q.C.+ 


Lord President of the Council and Minister for Science 


FIND that most people are still unaware of what the 
Nature Conservancy is; rather vaguely they seem to 
associate jt with the National Parks and seem to think that 
the Nature reserves we have established are primarily 
there for the purpose of recreation. 
_. The Nature Conservancy is a scientific organization 
“concerned with the scientific study of our environment— 
ecology, to use a more technical term. It can achieve its 
purpose only by acquiring and retaining the goodwill of 

_ all those who own, work in, enjoy, and otherwise use the 
| countryside. 

_ Monks Wood will be the centre for applied ecological 

_ research undertaken by the Conservancy. It will help to 

bridge the gap between the long-term fundamental work 
carried on at other establishments by the Conservancy 
. and its practical application in land use problems. Monks 

-Wood will also be used for the training of postgraduate 

students in ecological subjects. I have always attached 

-great importance to close working contacts between 
and university 

departments. The staff and excellent facilities at Monks 

Wood enable it to provide systematic and properly 
. supervised courses for postgraduates. Development of 
-postgraduate studies along these lines is fully consistent 
_ with the Robbins Report. 

-. Of the three scientific activities going on at Monks 
Vood-—conservation research, woodlands research, and 
research into the effect of toxic chemicals on wild life— 
all refer to the third only, not necessarily because it 
most important, but because it is the most topical, 
ecause there are things about it which the public 
rst is that this is a particular aspect of a general 
. which concerns me as Minister for Science at 
different points, and concerns several different 



















` -> Ministries in three or four different ways. 


. The second is that it tends to be @ subject which arouses 
strong emotion, and strong emotion is bad for scientific 
judgement. The scientific evidence, which is voluminous, 
justifies almost any opinion other than extreme ones, and 


* Substance of an address delivered at the official opening of Monks Wood. 


Experimental Station, Huntingdonshire, on. October. 28 (see. Nature, 190, 
8; 1961; and preceding article). g ee a 
T Now the Right Hon. Mr, Quintin Hogg, Q.C. 


Jem is a continuous and changing problem. This is w 
IT have. Prof. A. C. Frazer's Committee keeping resea 


those who hold extreme positions on either side must get 
used to the view that they are not supported by the ~ 
scientific evidence, although they may seek to ‘express 
their opinions in scientific, or pseudoscientific, language. 

The third is that, quite apart from the scientific evidence, 
the practical judgement in favour or against the use of 
toxic chemicals in agriculture must be one of balance and 
caution. I am not prepared to back scientific farming 
absolutely if it results in the widespread destruction OF E 
wild life, particularly if it threatens whole species. Tam. 
not prepared to favour the conservation of wild life 
absolutely against scientific farming. | easels 

There are also two particular facts to be borne in mind. 
The first is that people are apt to forget how much recent 
effects on the destruction of bird life were the result of 
the indiscriminate use of a particular group of chemicals, 
the dangers of which are now appreciated and which are 
now more effectively controlled. The second is that the 
defences mounted by the Government in that particular — 2r 
case aro as much an example of the effectiveness of our ~ Ls 
defences—of which an important element is the Nature 
Conservancy——as of the dangers of the chemicals, 

On one thing we can all agree and that is the importance 
of continuous research. This is the value of Monks Wood, 
and of various other stations and units of the Nature 
Conservancy, the Agricultural Research Council, the. 
Medical Research Council, the Department of Scientific = 





and Industrial Research and the Departments of Agric 
ture. It is not a question whether enough researc: 
being done. The point is that the research will have t 


continuous and ever changing precisely because the pro! 


















in this field under continuous review and advising me 
that the Government can ensure that our research effor 
meeting changing needs. The use of chemicals. in agr 
ture is only a special case of a much wider ques 
the use by mankind in almost every field of his 
in this technological age of increasingly powerful su è 
dramatic and often undesired. ae oe o 

This is a question which cannot fail to attract the atten- > 

i riety of different ways, and itis 


tion of Governme | ar 
ile admitting at the outset that no Government 
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pat, i : aid that. ashe 6 opinion. is ‘cons 


continually Pe e with the aoe in 


he most ‘dramatic. and tragic recent case of this 
! as the Fido -oblogta of cai oe mendes om the 





Ey greatest possible care ie been ilion; after thoy have been ae : oe 
applied over a long period of time and ¢ over a wide popula- e ae 


tion or considerable area. | 
This means, so far as wild life is concerned. the’ Nature 


Conservancy; so far as the interests of agriculture: OPO o 
concerned, the Agricultural Research Council; so far as | 





human life is concerned, the Medical Research Council y 
and- so far as industry is concerned, the Depart rt ©; 
Scientific ond of publio adr Research and: 7 


nent : biological consequences of a techn op 







; ainst which asc 
“learn to erect substantial defences: 







running some of these risks; but in applying new know- 
ues ledge we cannot do so responsibly unless we make some 
Insurance against the risks. What we cannot hope to do, 
cae however, if we are to accept the benefits of a scientific 
and technological society—which I believe it is the over- 
_ whelming desire of the people of Britain and, indeed, of 
-tho whole modern world to do—is to guarantee that there 
will never be any unexpected or evil side-effects on wild 
life, human beings, and domestic animals and crops. 
“In some cases these results will appear only after the 


if ifle and technological pead i 
| We cannot 
ave the benefits of scienco and technology without 


I wish to pay my own, trib 
Wood Experimental Station, who pus 
ahead with the aid of a certain: amount: o improvizati 
before the building was completed, and to. the peopl: 
and organizations who have shown their wi e 
help. I must also thank, on behalf of the Nature Conser- 
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vancy and my own behalf, the University of Cambridge, - - 
Lord Iveagh, Lord de Ramsey and other landowners who 


have generously provided facilities for research. A number - 


of private firms have also helped with information and — | 


facilities. The work of Monks Wood, and indeed of many 
research establishments, depends for its success on good 
relations and close links with universities, landowners: 
and industry. ee 


NEW PERSPECTIVES IN BIOLOGY 
By Pror. JOHN T. EDSALL 


Biological Laboratories, Harvard University, Cambridge, Mass. 


NOTABLE symposium on new perspectives in 
me biology was held at the Weizmann Institute of 
: Sclenes, Rehovoth, Israel, during June 10-17, to celebrate 
-the inauguration of the Ullmann Institute of Life Sciences 
(Fig. 1). A distinguished group. of biologists, biochemists 
and biophysicists, from Europe, from the United States, 

and from Israel, presented papers on the present state 
and future prospects of many fundamental problems in 
na biology, and carried on informal discussions together for 
a week. 
We may recall briefly the history of the Weizmann 
Institute. Its forerunner, the Daniel Sieff Research 
Institute, was dedicated in 1934, and formally opened by 
Dr. Chaim Weizmann, who. played an active part in its 
development. Expansion. of the Sieff Institute was con- 
d in 1944, when a group of Dr. Weizmann’s friends, 
0 honour his seventioth birthday, and the Weiz- 
ritute was formally dedicated by Dr. Weizmann 
1949, “It. has since grown. to comprise 
units, covering a wide range from applied 
etical chemical physics. to genetics 
cludes a graduate school, with 
king for the Ph.D. degree. Its 
in many areas. have exerted a profound 
and visiting scientists have gone to work there 
ver the world. 
The ‘Ullmann Institute of Life Sciences, which was 
edicated at the beginning of the symposium, on June 10, 
fills an urgent need of the Weizmann Institute. Workers 
in biochemistry and in many aspects of biology have been 
carrying on distinguished research in increasingly cramped 
oundings, as numbers and activity grew. The Ul- 
m Institute, given by Siegfried and Irma Ullmann, of 
ew York, will comprise research units of biochemistry, 





























‘ters and with. exceptionally fine research facilities. 
he dedication of the new Institute, - 161d in the open 
y close: by ‘the cue itself, in the late afternoon 





these mechanisms is clear; 


ophysics, virology, and- ‘genetics, in much ampler F 


light, was an impressive and moving ceremony. David 
Ben Gurion was there to offer greetings on behalf of the 
Government of Israel; it was one of his last official acts 
before his unexpected resignation a week later. Amos de 
Shalit, director of the Weizmann Institute, and Ephraim — 
Katchalski, who will play a leading part in the Ullmann ’. 
Institute, spoke briefly of what this new development : 
will mean. Mr. Ullmann warmly replied, and Mrs. UL- 
mann. then formally opened the new laboratories. An air 
of genuine dedication, not usually felt in such coremonios, 
pervaded the whole event. Israel is a country where men — 
have achieved much in a few years, against great: odds. 
The growth of the Weizmann Institute into one of the 
world’s great research eentres, within so short a period, 
was one manifestation of this. Here was one further 
achievement, leading to still greater activity in the future. 

Immediately thereafter, Jacques Monod (Pasteur In- 
stitute) delivered the opening lecture of the symposium — 
on the role of allosteric effects in the control of cellular _ 
metabolism. These involve the transmission of inhibiting, oe 
or sometimes of activating, effects from one region of: an” 
enzyme molecule to another, the inhibiting agent repro- 
senting generally the final product of a metabolic pathway, i 
whereas the enzyme catalyses the initial reaction in that 
same pathway. The profound biological significance of | 
| Monod and his colleagues, — 
J.-P. Changeux and F. J acob, have recently provided an 
admirable review (J. Mol. Biol., 6, 306; 1963). 

The following morning session was devoted to proteins, 
beginning with a survey of important current trends in 
present-day protein research by J. T. Edsall (Harvard), 
followed by a discussion by J. C. Kendrew (Cambridge) « of fa 
the detailed structural features of myoglobin: and hemo- 9 
globin, their implications for protein structure in gon 3 
and the prospects and difficulties of further expli 
of protein structure by X-ray crystallography. H. 
(University of Washington) dealt with the str 
function of proteolytic enzymes, and Eee 































| 828 : 





Fig, 1. The Ulmann Institute of Life Sclences, Welzmann institute of Science, Rehovoth, Israel 


the recent remarkable findings in his laboratory involving 
the activation of pancreatic procarboxypeptidase to give 
at least two distinct active enzymes. 

In the afternoon session E. Katchalski (Weizmann 
Institute) surveyed his work on synthetic polyamino-acids 
and their many applications in biology, including the 
induction, in ‘prolineless’ mutants of E. coli, of an enzyme, 
proline imino-peptidase, which digests polyproline; the 
growing of ‘whiskers’ of polyamino-acid side-chains on 
the amino groups of natural proteins; the stabilization 
of enzymes by binding them to water-insoluble carriers; 
and the use of polypeptidyl derivatives of aminoacyl 
compounds of soluble ribonucleic acids to pick out the 
molecules of S-RNA that are specific for particular amino- 
acids. F. A. Lipmann (Rockefeller Institute) gave a 
thoughtful and searching discussion of the problems of 
. protein biosynthesis. F. Lynen (Munich) considered the 
co-ordination of metabolic processes by multi-enzyme 
complexes, with definite morphological structure, but at 
& far simpler level than that of the mitochondrion. The 
protein components possess both catalytic sites and 
binding sites that hold the components of the complex 
together. The pyruvate dehydrogenase system (Koike, 
Reed and Carroll, J. Biol. Chem., 238, 30; 1963) and the 
multi-enzyme complex concerned with converting malonyl 
coenzyme A to higher fatty acids—the latter has been 
investigated intensively in Lynen’s laboratory—are out- 
standing examples of such systems. 

On the following day all participants in the symposium 
journeyed to Jerusalem, where a morning session was 
held at the Hebrew University, in one of the buildings of 
the beautiful new campus on Givat Ram. Paul Doty 
(Harvard) discussed his work, and that of others, on 
hybrid molecule formation in nucleic acids, and George 
Klein (Stockholm) considered fundamental problems in 
the genetic aspects of neoplasia. The afternoon was spent 
in visiting Jerusalem and its surroundings in Israel, and 
in the evening the President of Israel gave a delightful 
and most informal reception for the whole group. 

In Rehovoth again, the symposium continued the next 
day with discussion of nucleic acids. Erwin Chargaff 
(Columbia University) presented, with clarity and ele- 
gance, the problem of nucleotide sequences in nucleic 
acids, and his own approach to the problem by the use of 
reagents that selectively attack the purine or the pyri- 


midine rings—the latter offering far the more difficult 
chemical problem. David Elson (Weizmann Institute) 
considered the structure of ribosomes, with particular 
reference to certain enzymes found in ribosomes. When 
70 S ribosomes dissociate into 50 and 30 S components, 
at very low Mg++ ion concentration, ribonuclease is found 
exclusively in the 30 S component. Deoxyribonuclease is 
found in neither, but passes into solution, the process 
being reversible; whereas 8-galactosidase is found in both 
components, and does not leave the ribosomes when they 
dissociate. He described how transfer (soluble) ribonucleic 
acid can be obtained from ribosomes exposed to high salt 
concentration. Alfred Gierer (Tübingen) discussed the 
mechanism of protein synthesis in reticulocytes, with 
particular emphasis on the role of polyribosomes, the 
great importance of which has become manifest only 
during the past year or so, as a result of work in his and 
several other laboratories. Severo Ochoa (New York 
University) discussed the present state of work on the 
genetic coding problem—-a subject so widely known that 
I omit further comment on it here, in spite of its supreme 
importance. C. B. Anfinsen (National Institutes of Health, 
Bethesda) considered the problems involved in predicting 
three-dimensional structure of proteins from the amino- 
acid sequence. There is strong experimental evidence 
from his work on ribonuclease and other proteins that, 
given the sequence, the peptide chain will fold spon- 
taneously into the correct steric structure, but the prob- 
lems of predicting this structure are formidable. 
That evening, in Tel Aviv, E. B. Chain (Rome, and, — 
eventually, Imperial College of Science and Technology, — 
London) gave a dramatic and very interesting lecture on 
the newly developed penicillins, which have so sig- 
nificantly enlarged the therapeutic uses of penicillin, 
The symposium then turned to problems of develop- 
ment and differentiation. E. Kellenberger (Geneva) 
reported on the use of facultative lethal mutants for the — 
investigations on the assembly (morphogenesis) of phage | 
particles. These mutants are distributed all over the. 
genetic map, so that they affect numerous genes: 8 genes 
affect the formation of the phage head. Mutants in some- 


genes produce abnormal assembly of sub-units, as, for 


example, into long tubes, the ‘polyheads’. The sub-units 


are not self-assembling, but need supplementary informa- 
tion (morphogenetic principles) to be shaped correctly. 
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The micrographs of ‘polysheath’, however, suggest that 
the sub-units of the tailsheath are of the self-assembling 
type Leo Sachs (Weizmann Institute) considered prob- 
lems of cell differentiation and the immune mechanism 
Lymphoid cell precursors, m tissue culture, can form 
essentially pure cultures of either mast cells or antibody- 
producing cells, provided a suitable layer of other cell 
types ıs present m the medium Lymphoid precursors 
from lymph nodes of a rat, exposed to mouse cells, 
differentiate to give cells releasing antibodies, which 
destroy the mouse cells, that 1s, this ıs a heterograft 
1eaction n vitro Both Sachs, and independently Dul- 
becco, have examined the transformation of normal nto 
tumour cells by the polyoma virus, the virus acts directly 
on the cells to mduce the change Michael Feldman 
(Weizmann Institute) considered the role of the thymus 
in promoting antibody formation ın the adult organism, 
making use of the histocompatibility antigens which are 
determined by the Y-chromosome of male animals 
Transfer of such antigens from a male to a female of the 
same species, in a tissue graft, leads to rejection of the 
graft by the female, due to an anti-Y immune response 
Some tumours induced in males cannot giow when trans- 
planted mto females, because they evoke a similar 
response However, animals previously radiated with 
X-1ays fail to develop the 1mmune response until after 
several weeks, and the tumour ın the female continues to 
grow Ifthe animal has been thymectomized, the immune 
mechanism does not recover at all after X-radiation, 
grafting a thymus back mto such animals, however, does 
lead to recovery of the immune response This recovery 18 an 
inductive effect of the thymus, 1b 1s not due to production 
of immunologically competent cells by the thymus itself 

H H Webe: (Heidelberg) discussed the role of ATP 
in. the active transport of ions, with especial reference to 
the work of W Hasselbach m his institute on the vesicles 
of the sarcoplasmic reticulum, which accumulate calcium 
ions There is a very close correlation between the Catt 
ions transported and the ATP hydrolysed (2 Ca*+ per 
ATP) He concludes that the ATP donates an energy- 
rich bond to phosphorylate a carrier in the membrane, 
and that the phosphorylated carrer has an affinity for 
Cat+ several hundred times as great as the unphos- 
phorylated carrier David Nachmansohn (Columbia 
University) considered chemical control of movements of 
ions across conductmg membranes, with special reference 
to nerve and electric organs Hugo Theorell (Stockholm) 
set forth, with beautiful clarity, his recent work on com- 
plexes of liver aleohol dehydrogenase with coenzymes and 
mhubitors or substrates 

The last session was devoted to ummunochemistry 
Michael Heidelberger (Rutgers University) described his 
recent work on the immunological properties of the cap- 
sular matenal of pneumococe: of various types The 
structure of the carbohydrates ın these capsules 1s now 
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becommg known in far more detail than ever before—m 
type SV, for example, recont work of Barker m Buming- 
ham, on material supplied by Heidelberger, has identified 
N-acetyl-t-fucosamme and N-acetyl-6-deoxytalosamine, 
among other constituents These two sugars were never 
before known in natural products The chemical ideniifi- 
cation of antigens by immunochemical techniques 1s now 
being refined, and ın many cases furnishes a short cut 
to determination of the structure of the antigen Michael 
Sela (Weizmann Institute) described his research work on 
the development of polyamino-acids and ther derivatives 
as synthetic antigens One good antigen can be made 
hom polylysine, by first growmg alanyl chains on the 
amino groups of the lysyl side-chains, and then attaching 
tyrosyl chams to the alanyl chains If the attachments 
are made in reverse order—first tyrosme, then alanine— 
the resulting product is not antigenic The tyrosyl groups 
must be on the outside to make a good antigen The 
optical specificity of the amino-acids is mmportant—com- 
pounds made from combmations of D-ammo-acids are 
generally non-antigenic, even when the corresponding 
L-compounds are strongly antigenic, as recent work of 
Gill and Doty has shown (Nature, 197, 746, 1963) Di 
Sela’s recent work has shown that electric charge is not 
necessary for antigemeity, they have recently synthesized 
a water-soluble uncharged polymer that ıs strongly anti- 
genic (Sela, M, and Fuchs, 8, Beochim Biophys Acta, 
74, 797, 1963) When galactose 1s attached to a synthetic 
polymer, the galactose grouping becomes a powerful 
antigenic determinant Immunological tolerance may be 
established to synthetic antigens, as shown by experi- 
ments on new-born rabbıts Theamofall thisresearch work 
is to throw light on the nature of the immune mechanisms 
found m living organisms, the synthetic chemicals are 
merely a means to this end 

J C Kendrew concluded the final session with bref, 
graceful and humorous comments on some of the major 
points of the symposium 

One non-scientific mterlude deserves mention Midway 
in the week we left Rehovoth for a two-day trp along 
the coast, to Caesarea, Haifa and Acre, then to the 
Gahlee mountains and the Lake of Gallee We stopped 
overnight at a kibbutz which, ın addition to the usual 
farming and other community activities, ran a small and 
very pleasant hotel for visitors That evenmeg all of us 
had the opportunity to talk with members of the kibbutz 
and learn directly about their way of life, 1ts values and 
its problems We returned with renewed zest to the 
scientific conference after this fasematimg mterlude In 
addition to this thoughtfully arranged pause m the sym- 
posium, all of us will remember the warm and generous 
hospitality of our Israel hosts, durmg and after the 
conference, which combined) with the high level of the 
scientific discourse at the meetings to make this a most 
memorable occasion 
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Pror A. H. BARRETT 


Research Laboratory of Electronics, Massachusetts Institute of Technology, Cambridge, Mass 


AND 
Dr, M. L MEEKS and J. C. HENRY 


Lincoln Laboratory, Massachusetts Institute of Technology, Lexington, Mass 


N this article we wish to report the detection of 18-cm 
absorption limes of the hydroxyl (OH) radical in the 
radio absorption spectrum of Cassiopeia A, thereby 
roviding positive evidence for the existence of OH m 
the interstellar medium The microwave transitions of 
OH in the ground-state, °x3,., J = 3/2, arise from two 


A-type doublet-levels, each of which 1s split by hyperfine 
interactions with the hydrogen nucleus, so that four 
transitions result The two strongest lnes have been 
previously measured ın the laboratory at 1,667-34 + 
003 Mc/s (F = 2 — 2) and 1,66546 + 010 Me/s 
(F = 1 — 1) with relative intensities of 9 and 5, respec- 
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tively', these results are m agreement with theory The 
suggestion that these hnes might be detected m the radio 
spectrum of the mterstellar medium has been made by 
Shklovsky? and Townes? <A previous search by Barrett 
and Lilley*, in 1956, was unsuccessful, primarily because 
the laboratory measurements of tho frequencies had not 
been made A recent search for OH emission also yielded 
negative results® 

Our observations were conducted on 10 days between 
October 15 and October 29, 1963, using the 84-ft parabolic 
antenna of the Millstone Hill Observatory of Lincoln 
Laboratory, Massachusetts Institute of Technology, and 
the spectral-lme autocorrelation radiometer designed by 
Weimreb® The receiver uses digital techniques to determ- 
me the autocorrelation function of the received signal. 
The resulting autocorrelation function 1s then coupled 
directly into a digital computer that performs a Fourier 
transformation and displays the resulting spectrum on a 
cathode-ray tube or a precision 2-y plotter Durmg one 
integration tiume-interval of 2,000 sec, a 100-ke/s portion of 
the spectrum 1s determmed with a frequency resolution 
of 75 kejs The ability to see immediately a calibrated 
visual display of the measured spectrum and average 
this result with others greatly facilitated the conduct of 
the experiment and elrmmated almost all post-observation 
data handling The system noise temperature was 420° K, 
of which 110° K was due to Cassiopeia A System tests 
were performed by observing the hydrogen line 

Tho results obtamed during the first evening of our 
observations showed strong evidence of the 1,667 Mc/s 
lne in Cassiopeia A, the signal is visible after 2,000 see of 
integration We decided that positive identification of 
OH absorption lines of Cassiopeia A would be secured 
before proceeding to observations of other regions Our 
results indicate that two of the three clouds showmg 
strong H absorption’, namely, those at radial velocities of 
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Fig 1 Observed 1,667 Mc/s OH absorption spectrum ip Cassiopeia 4 The heavy line 
shows 8,000 sec of data taken with the antenna beam directed at Cassiopeia .4, and the 
light lime shows 6,000 sec of data taken with the beam displaced slightly from Cassiopeia A 

The frequencv scaleig specified in kejs with respect to the local standard of rest assummg 


the lime iest frequency to be 1,667,857 kejs 
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—08 km/sec and —48 2 km/sec, also give rise to OH 
absorption lines that we have detected at both 1,667 
Me/s and 1,665 Mejs The strong H absorption hne 
at — 38 1 km/sec appears to be composed of two lines at 
— 374 km/sec and — 42 1 km/sec when observed at the 
OH frequency It ıs to be expected that a one-to-one 
correspondence between OH absorption and H absorption” 
will not be observed because of (a) greater thermal 
broadening of H lines, (b) larger optical depth of the H 
lines, (c) possible OH/H abundance variations from cloud 
to cloud A typical record showmg the 1,667-Me/s 
lne in the — 08 km/see cloud ıs shown in Fig 1 A 
summary of all of our observations ıs presented m Table 1 


Table 1 SUMMARY OF OH LINE ABSORPTION MEASUREMENTS IN THE 


CASSIOPEIA A RADIO SOURCE 


1,420 405 Me/s 1,667 357 Mc/s Observed Number Abundance 
Radial H-line OH-line line of OH ratio 
velocity optical optical width radicals relative 
{kmjsec) depth (ref 7) depth (kejs) per cm? to H 
--0 8 1 85 9 016-40 005* 13 ~2x10" ~15x107 
—37 2 — © 010 +0 005 13 ~1 5x10" — 
—42 1 — 0 0124-0 005 20 ~3 x10" oe 
—48 2 4Q 0 016+0 008 25 ~ x10 ~1 «10-7 


* An opticaldepth of 0 010 4-0 008 with line width of 16 ke/s was observed 
for the 1,665 402 Me/s line 


The evidence that we are mdeed detectimg imterstellar 
OH. in these observations may be summarized as follows 

(1) Lines at both 1,667 Mc/s and 1,665 Me/s have 
been detected with frequencies and intensity ratios that 
are in good agreement with the expected values 

(2) The OH absorption spectra at both frequencies 
show general agreement with the H absorption spectra 

(3) The absorption lines disappear when the antenna 1s 
positioned off Cassiopeia A by one degree in both azimuth 
and elevation. 

(4) The Imes shifted 20 ke/s between October 17 
and October 29, this 1s the shift expected from the orbital 
velocity of the Earth during this tame-interval 

A quantity of immediate astrophysical 
mterest which follows from our observations 
18 the abundance ratio of OH to H This 
can be obtamed m the followmg way the 
spectral change ın antenna temperature 
AT'on owing to the OH absorption 1s given 
by 

ATou = touTac 


where toH 18 the OH optical depth ın the 
direction of Cassiopeia A and Tac 18 the 
antenna temperatuie attributable only to 
Cassiopeia A The maximum optical depth 
is given by 


m he ANoun Ge 
H= BnkT mAy Sg 


where A 1s the spontaneous transition pro- 
bability, Ts 1s the excitation temperature 
analogous to the H spin temperature, vo 18 
the line frequency, Av is the lme width, 
g. 18 the statistical weight of level 2, and Noy 
is the total number of OH radicals per unit 
cross-section The statistical weight g, of 
the upper level of the 1,667-Mc/s transition 
is 5, and for the 1,665-Me/s transition 1b 1s 
3, the sum of the statistical weights for all 
levels is 16 The spontaneous transition 
probabihty A must be evaluated by using 
2° the matrix element derived from a quantum- 
mechanical treatment of A-type doubling’, 
and has the value 2 86 x 10-11 see~! for the 
1,667-Mc/s transition The OH dipole 
moment used in these calculations? 1s 
(160 + 012) x 10-8 ESU 

The excitation temperature Ts 1s the 
subject of considerable uncertainty be- 
- cause it cannot be assumed that ıt will be 
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the same as that for H The excitation temperature 
18 defined by the relation 
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no Yo 

where ni and n aro the densities of radicals in the upper 
and lower states of the transition, respectively For H 
1t has been shown that T, equals the kmetie temperature 
in & typical galactic gas cloud! because radiative transi- 
tions are relatively rare as compared with collisional 
transitions For OH, however, the spontaneous transition 
probability is 104 times larger than for H, so radiative 
transitions play a more dommant part in establishing the 
equhbrium population distribution <A detailed evalua- 
tion of the processes that will be important in determnmg 
the OH excitation temperature has not been made, but a 
preliminary investigation shows that slow-moving positive 
ions may be very effective ın inducing transitions between 
the two states, ın spite of ther low abundance m a H 
cloud! This situation arises because the OH transition 
is of an eléctric dipole type, and therefore can be induced 
by the Coulomb field of electrons and 10ns which leads to 
large interaction radu A similar result has been obtamed 
by Purcell when considering the population of the fine- 
structure states of the n = 2 level of H m the sola: atmo- 
sphere! An upper limit on T, can be set by our observa- 
tions off Cassiopeia A from which one would expect to 
detect OH emission From the prelimimary observations 
we conclude that any OH emission adjacent to Cassiopeia. 
A 18 less than 1° K, this result umples a T, less than 50° K 
for an optical depth of 002 For purposes of computing 
the total number of OH radicals from the foregomg 
equations we have assumed a T, of 10° K More 
extensive observations for OH emussion will enable a 
better estimate of this quantity to be made 

The values of the number of OH radicals per em? m 
the direction of Cassiopeia A are shown ın Table 1 The 
OH/H abundance ratio can be calculated from the results 
of the H absorption on Cassiopeia A’, and gives typical 
ratios of 1 x 10-7 (see Table 1) This ratio can be com- 
pared with estimates of the CH/H abundance ratio 10-6 
by Stromgren' and 2 x 10 by Bates and Spitzer™. 
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Our observations have enabled a more accurate determ- 
ination of the frequencies of the two strongest A-type 
doublet hnes of OH The laboratory and astronomucal 
values are shown in Table 2 It ıs possible that these 
values will be of interest to the molecular spectroscopist 


for a more accurate evaluation of the hyperfine couphng 
constants. 


Table 2 REST FREQUENCY OF OBSERVED LINES 


Transition Laboratory Astronomical 
measurement measurement 
P=242 1,667,340 +30 kejs 1,667,357 +7 kejs 
E=] >i 1,665,460 +100 kejs 1,665,402 +7 kejs 


We thank many people for their co-operation in this 
experrment We also thank R E Gay, P J Conrad, 
C Blake, R H Enckson, J F MacLeod, and the entire 
personnel of the Millstone Hull Observatory for their 
assistance 

The work of one of us (A H B ) was supported m part 
by the US Army, the Aw Force Office of Scientific 
Research, and the Office of Naval Research, and in part 
by the National Aeronautics and Space Admmustration 
(Grant NeG-419) Lincoln Laboratory is a centre for 
research and development operated by Massachusetts 
Institute of Technology with the support of the US Aur 
Force 
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OBITUARIES 


Dr. A. A. Griffith, C B E., F.R.S. 


ALTHOUGH the name of Dr A A Griffith, who died on 
October 11, was not well known by the general pubhe, 
he was a creative and origmal thinker who had consider- 
able mfluence on the development of jet propulsion 
systems A champion of the high-efficiency axal com- 
pressor while Whittle was experimenting with the more 
robust centrifugal engines, Dr Griffith contmued to be 
ahead of his time in urging, m turn, the by-pass system, 
small engines for jet hft, the use of hydrogen as a fuel, and 
had still other novel projects under consideration at the 
tıme of lus death 

Dr Gnffith was born on June 13, 1893, and attended 
secondary school at Douglas ın the Isle of Man A Tate 
technical science scholarship took him to the University 
of Liverpool in 1911, where he obtamed successively a 
BEng (first-class honours in mechanical engineering), 
M Eng (1917) and D Eng (1921) 

Fis first mterest was m mechanics, and his jomt paper 
with G I Taylor on the use of soap films in sclvmg 
torsion problems gained the Hawksley Gold Medal from 
the Institution of Mechanical Engmeers in 1917 His 
famous paper on “Theory of Rupture”, m which he used 
surface energy considerations to determime the stress 
conditions under which a crack will propagate and lead 


to faslure of a materal, was published in 1920, and the 
concept of the ‘Griffith Crack’ was discussed at the first 
International Congress on Apphed Mechanics at Delft ın 
1924 

He had no regular apprenticeship, but received general 
workshop training between July 1915 and November 1916 
at the Royal Aircraft Factory Followmg this trammg, 
he was successively draughtsman, technical assistant and 
senior technical assistant m the Physics and Instrument 
Department at the Royal Aircraft Establishment Durmng 
April 1920-April 1928 he was a senior scientific officer m 
the Physics and Instrument Department, Royal Aureraft 
Establishment, and then princrpal scientific officer in 
charge of the Air Mimstry Laboratory, South Kensington, 
until April 1931, dealing chiefly with engime and mstru- 
ment work 

Durmg this period he became a firm advocate of the 
gas turbine for aircraft propulsion, and m 1926 wrote a 
Royal Aircraft Estabhshment report entitled “An Aero- 
dynamic Theory of Turbine Design”, m which he 
formulated a number of new ideas Under hus super- 
vision, work on a turbo-compressor test rig was started 
at the Establishment in 1927 

In 1931, Dr Griffith was made principal scientific 
officer ın charge of engine research, Engine Department, 
Royal Aircraft Establishment, ım November 1938, the 
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acting head of the Department, and later head of the 
Department at the Royal Aircraft Establishment until 
May 1939 

During 1921-31, he was an official member of the 
Elasticity and Fatigue Sub-Committee of the Aeronautical 
Research Council and then official member of the Engine 
Sub-Committee, Aeronautical Research Council, until 
1939 His connexion with the Council contmued until 
his retirement in 1960 ‘Indeed, ın his later years he used 
the Committee as his maim vehicle of communication with 
the technical world, he published httle elsewhere, largely 
because of the relevance of his work to defence projects 

He was a founder member of the Gas Turbme Col- 
laboration Committee 

On June 1. 1939, Dr Griffith took up the position of 
research engmeer of Rolls-Royce, Ltd , at Derby, workmg 
on the initiation and prosecution of aero engine research, 
responsible to Mr E W Hives, general manager (later 
Lord Hives chairman) He was given a pleasant room at 
Duffield Bank House, a quet haven on the banks of the 
Derwent, five miles fiom Derby 

Griffith’s first work, completed in 1941, was an axial 
flow jet engine including twenty contra-rotating com- 
piessor stages, each drivon independently by turbine 
blades at the tips of the compressor blades, ducted fan 
propulsion, centrifugal fuel supply and other 1tems that 
were far ın advance of contemporary practice Tho high- 
pressure part of the system was, in fact, built and tested 
Throughout his work on jet propulsion, Dr Griffith 
believed ın the superior efficiency of the axial type com- 
pressor, and the contra-flow engme was followed by a 
series of design mvestigations of axial types, parallel with 
work on many component rig test investigations of com- 
bustion, blade form and rotor design 

A technical memorandum prepared by Dı Griffith in 
1945, together with a prelmmary design scheme created 
under his supervision, were the basis of the Rolls-Royce 
Avon engine, ths was followed in 1946 by his proposals 
for a by-pass engme Prehmmary design schemes for the 
latter type were completed early in 1947 and led to the 
Rolls-Royce Conway engine 

Early ın 1941, Dr Griffith realized that the thrust 
potential of a turbime engme, combined with its low 
weight, provided a basis for the design of an aircraft 
which could take off and land vertically by virtue of 
engine thrust alone and thus only need sufficient wing 


area for 1ts cruise condition He made a detailed imnvesti-- 


gation of engine weight relative to size and showed that 
the ‘Square-Cube’ law, by which an engme’s weight 
decreases as the cube of its lmear dimensions, whereas 
the thrust only decreases as the square, would hold 
good down to quite small unit sizes This convinced 
him of the advisability of using a number of small 
engmes in order to obtam tho optimum I:ft/weight 
ratio for vertical take-off applications Has first design 
studies of vertical take-off aircraft mcorporated a multi- 
pherty of small engmes with means for deflecting ther 
thrust downwards for takmg-off and landmg, control 
of the aircraft m the jet-borne phase bemg by vanation 
of the thrust of engmes situated fore and aft for pitch 
and separated laterally for roll The possibility, with this 
. scheme, of difficulty due to msufficiently rapid thrust- 
response rate led Dr Griffith to the idea of usmg com- 
pressed-air jets fed from engme compressor air bleed 
He conceived the scheme for testing this system, now 
well known as the ‘Flying Bedstead’, and supervised the 
prelumimary design scheme, which meorporated two Rolls- 
Royce Nene turbme engines arranged back to back with 
their thrust deflected downwards m a central position 
Control air was tapped from the engme compressors and 
fed to control nozzles positioned fore and aft and on 
outriggers laterally On August 3 1954, this jet-hft test 
rig achieved its first free fight for 84 mim Many sub- 
sequent flights clearly demonstrated the success of Dr 
Griffith’s vertical take-off proposals Parallel with these 
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tests and until his retirement un 1960, Dr Gnffith mrtiated 
many aircraft design studies using specially designed 
hghtweight lift engmes and separate enginos for forward 
thrust Late m 1953 he commenced a detailed investi- 
gation of a supersonic jet-lift transport designed for a 
Mach No of 26 at 60,000-ft altitude 

Di Griffith’s work was recognized by fellowship of the 
Royal Society ın 1941,a CBE ın 1948, the award of the 
Silver Medal of the Royal Aeronautical Society in 1955 
and, ın 1962, the Bleriot Medal 

Although Dr Griffith was very litle known to most 
people within Rolls-Royce, due partly to the secluded 
location of his office, I was privileged to be his personal 
assistant and designer for twenty-one years, sharmg his 
office for sixteen years at Duffield Bank House and later 
having an adjommg design office at Littleover Old Hall 
for the tive years prior to his retirement 

Alan Arnold Griffith was truly a man of vision, quiet 
and ietirng, resisting publicity yet fascinating to know 
intimately by daily contact His brain provided new 
lines of thought for development m a continuous flow 
and our discussions were often enlivened by his ready wit 
and good humour DONALD Eyre 


Prof E P. Sharpey-Schafer 


EDWARD PETER SHARPEY-SCHAFER, professor of medi- 
cine in the University of London at St Thomas’s Hospital 
Medical School, died on October 23 at the age of fifty-five 

His father was kiuled in the First World War and con- 
sequentiy he was brought up in the house of his famous 
grandfasher, Sır Edward Sharpey-Schafer He went to 
school at Winchester and entered King’s College, Cam- 
bridge, as an exhibitioner and Kitchener Scholar His 
chmeal studies were completed at University College 
Hospital where he obtamed the Fellowes Gold and Silver 
Medals After qualifymg, he held the post of house 
physician to Sir Thomas Lewis, a position which he spoke 
of with great pride in later years Aftor serving as resident 
medical officer at the National Heart Hospital, he jomed 
Sux Francis Fraser as first assistant m the Department of 
Medicine m the early days of the Postgraduate Medical 
School He was appomted professor of medicine at St 
Thomas’s Hospital Medical School in 1948 

It 1s rmpossible to assess the enormity of the loss which 
St Thornas’s Hospital has suffered in the death of Prof 
Sharpey-Schafer Ho ıs the thud member of their con- 
sultant staff to die m recent months, and though they 
were all mon of high intellect and profound wisdom, he 
was undoubtedly the greatest of the three Only those 
who wera close to him had the opportunity to know him 
He was assentially a shy man, which led people to think 
his manner brusque and off-hand, but his great human 
qualities showed themselves when he considered that 
someono was bemg treated unjustly The same con- 
sideration for others was manifest in his vestigations on 
patients if ever ıt became apparent that one was suffermg 
discomfcrt he immediately abandoned the procedure 

Prof Sharpey-Schafer was an outstanding research 
worker who 1s known throughout the world for his work 
on the circulation However, he entered the field of 
original work in endocrmology and made important con- 
tributions m investigations of the thyroid, acromegaly 
and ovarian function Although he forsook this sphere 
during the War, he still taught the younger endocrmo- 
logist some fundamental facts years later 

With Prof J McMichael he mtroduced cardiac catheter- 
ization 4s a method of examination. of the cardiovascular 
system From then onwards he continued to be fascmated 
by the control mechanisms m this system in health and 
disease Every week he continued to make simple but 
fundamental observations on his patients, and a steady 
stream cf original work flowed from his pen He invesii- 
gated hemorrhage and heart-failure and remarked on the 
aspects of sumularity ın these two conditions One of his 
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particular achievements was the demonstration of vaso- 
dilatation, in fainting subjects and the part played by 
complete immobilhty when soldiers fainted on parade 
He demonstrated the vascular reflex abnormalities im 
patients with tabes dorsalis, diabetes and barbiturate 
intoxication This led to the simple treatment of the 
latter group of patients by blood volume expansion when 
they lapsed into a hypotensive state Of recent years his 
domimant interest has been ın the control of venous tone, 
and this led him on to tho vascular changes during 
exercise For months on end he would talk to all and 
sundry about this problem until he found at least a 
partial answer in the realm of chemistry This was rather 
unfamiliar territory to him and he soon enlisted the 
assistance of one of his staff m a series of conclusive 
investigations 

When Prof Sharpey-Schafer first arrived at St 
Thomas’s Hospital he and his staff were thought of as 
experimentalists He had an uphill task ın earning the 
esteem and respect of the clinically orientated members 
of the nursing and medical staff As the years passed he 
became more and more valued for his judgement both of 
mdividuals and of problems Of the many people who 
sought his help and advice, not one was let down The 
references he wrote for the junior members of the hospital 
staff sparkled with wit and impressed themselves on the 
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reader by their originality No idle clichés were ever 
found m these or any other of his writings 

Perhaps one of the most striking aspects of the per- 
sonahty of Prof Sharpey-Schafer was his attitude to 
orthodoxy He declared that he had an abhorrence for 
the whole of the pharmacopceia, and on one occasion to 
stress the point he ciossed off all the drugs on his patients’ 
treatment cards He delighted ın pokmg fun at the 
Estabhshment and m Who’s Who stated that his recrea- 
tion was “‘childish pursuits” In fact, he was a keen and 
accomplished naturalist and photographer, and when he 
produced a new batch of his colour photographs of birds 
or msects he was armed also with all the fasematmg 
details of their life-habits, such as the speed of their wmg 
beats, time and place of emergence, etc 

Those who knew “Sharpey”? well appreciated the 
warmth of his character, his unfailmg loyalty and the 
high standards which he demanded of everyone engaged ın 
research He was a man who always kept to ns word 
and who could be relied on to help anyone who was 
m nsed He will be an msprration to all those who worked 
with him, but few will reach the standards which he 
achieved, 

Prof Sharpey-Schafer leaves a son and daughter by 
his first marriage He married Dr Sheila Howarth and 
they had two daughters Ivor H Mrs 


NEWS and VIEWS 


School of Science: Massachusetts Institute of Technology 


Dr JEROME B Wiessner has been appointed Dean of 
the School of Science in the Massachusetts Institute of 
Technology Dr Whesner, now special assistant for 
science and technology and director of the US Office of 
Science and Technology, will succeed Dr George R 
Harrison, who will retire at the end of this year 


Dr. G. R. Harrison 


Dr Harrison graduated from Stanford University 
and received his PhD degree there in 1922 while an 
instructor in physics After two years as a National 
Research Fellow at Harvard University he returned to 
the Stanford faculty and remained there until his appoint- 
ment at the Massachusetts Institute of Technology mm 
1930 He was director of the Research Laboratory of 
Expermental Physics ‘for twelve years before becommg 
dean of the School of Science ın 1942 In spectroscopy, 
his field of speciahzation, Dr Harrmson mvented several 
instruments of great value and compiled the MIT 
Wavelength Tables, an encyclopedic work used by 
spectroscopists throughout the world He was editor of 
the Journal of the Optical Society of America, co-author 
of Practical Spectroscopy and author of Atoms In Acton, 
What Man May Be, end other books During the Second 
World War, Dr Harrison was chairman of the Instruments 
Section, and later chief of the Optics Division of the 
National Defense Research Committee, Office of Scientific 
Research and Development, and, for a time, chief of the 
Research Division at General MacArthur’s headquarters 
in the south-west Pacific He received the War Depart- 
ment Medal of Freedom and Presidential Medal for 
Merit He was awarded the Rumford Medal of the 
American Academy of Arts and Sciences, the Frederic 
Ives Medal of the Optical Society of America, the Elliott 
Cresson Medal of the Franklin Institute and the Medal of 
the Society of Apphed Spectroscopy 


Dr. J B. Wiesner 


Dr Wiesner received bachelor of science, master of 
science and doctor of philosophy degrees from the Univer- 
sity of Michigan In 1940 he was appointed chief engineer 


of the Acoustical and Record Laboratory of the Library 
of Congress and in 1942 went to the Radiation Laboratory 
at Massachusetts Institute of Technology, where he was 
a member of the Microwave Components Division and then 
group leader of ‘Project Cadillac’, assigned to devise an 
airborne radar system After the War, Dr Wiesner spent 
a year at Los Alamos, returnmg to the Institute as 
assistant professor of electrical engmeermg He was 
made an associate professor in 1947, professor in 1950 
and Institute professor in 1962 In 1947 he became 
assistant director of the Research Laboratory of Elec- 
tronies, m 1949, associate director, and in 1952, director 
He was appomted actmg head of the Department 
of Electrical Engmeermg m 1959 Dr. Whesner’s 
serentific contributions, particularly im the field of 
microwave theory, have been notable He was echar- 
man of the Institute’s steering committee for a Center 
for Communication Sciences established m 1958 Dr 
Wiesner was staff director of the American delegation to 
the Geneva Conference for the Prevention of a Surprise 
Attack ın 1958, and for a number of years he has devoted 
much effort to the search for methods of arms control 
Already a member of the President’s Science Advisory 
Committee, he went on leave from the Institute in 1960 
to become special assistant for science and technology 
to President Kennedy He was also made director 
of the Office of Science and Technology when that agency 
was established ın 1962 He has received the President’s 
Certificate of Merit and ıs a member of the National 
Academy of Sciences 


“Isotopes” * the Fiftieth Anniversary 


On December 4 the Chemical Society (president, Prof J 
Monteath Robertson) will meet m the Department of 
Chemistry, University of Glasgow, to commemorate 
Frederick Soddy’s communication m Nature of exactly 
fifty vears ago (92, 399, December 4, 1913) Soddy was 
then working ın the Physical Chemistry Laboratory of 
the Umversity of Glasgow This was a time of intense 
research and rapid advance m all fields of radioactivity 
Although pmniority issues are mevitably debatable, it 
remains evident that the University of Glasgow made an 
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important contribution by creating a lectureshp in 
“Physical Chemistry mcludmg Radio-activity”’ (1904) and 
appomting the youthful Soddy His work there on 180- 
topes resulted in the communication in Nature, where, 
from the various explanations of “chemically mseparable” 
substances, he came down firmly for ‘“‘isotopes’~—for 
which he there first adopted the name—and also provided 
a valid mterpretation of atomic number m terms of 
nuclear charges This work on isotopes 1s referred to mn 
his Nobel prize citation (1921) Soddy’s Glasgow col- 
leagues, Lord Fleck and John A Cranston, will speak on 
these researches, H J Emeleus will review the present 
field of radiochemistry, and Dr Andiew Kent will present 
& historic note 


Basic Research at the Royal Armament Research and 
Development Establishment : Dr J W Maccoll 


‘ON September 30, Dr. J W Maccoll retired from the 
post of prmeipal supermtendent of the Basic Research 
Division of the Royal Armament Research and Develop- 
ment Establishment, Fort Halstead Dr Maccoll, who was 
born ın Aberdeenshire, graduated B Se at the University 
of Glasgow ın 1924, where he studied mechanical 
engineering and pure science, and afterwards pursued 
aerodynamic researches under Thom at Glasgow, Bairstow 
at the Imperial College of Science and Technology, where 
he took his Ph D m 1927, Prandtl at Gottingen, and von 
Kármán at Aachen He jomed the Ordnance Board as 
balhstic research officer in 1929, to apply the prmezples of 
aerodynamics to ballistics, and 16 was ın the 1930’s that 
his fruitful collaboration with Sir Geoffrey Taylor led to 
ther classic paper on ‘“Taylor—Maccoll’ flow, and other 
papers Following the report of the Guy Committee m 
1942, and the creation of the Armament Research Depart- 
ment with Prof (later Sir) John Lennard-Jones as its first 
chief supermtendent, Dr Maccoll was first appointed 
deputy superintendent and, later, supermtendent of the 
newly formed branch for theoretical research - Since 
1945 he has been in charge of basic 1esearch at Fort 
Halstead and has built up, over the years, a substantial 
group, with extensive experimental facilities for work on 
hypersonic flow, hypervelocity projection and flow in the 
upper atmosphere, and with up-to-date facilities for high- 
speed computation (see Nature, 185, 346, 1960) Dr 
Maccoll, who has always been a well-known figure at 
scientific meetings, will be remembered, particularly ın. the 
Scientific Cıvıl Service, for the mportance he has always 
attached to sound fundamental research, for his scientific 
foresight and his shrewd judgment Although officially 
retired, he has not severed his connexion with the Royal 
Armament Research and Development Establishment, 
but 1s maimtamuing his interest ın the work of the Establish- 
ment by acting as a part-time consultant 


Genetics in the University of Leicester: 
Prof R. H. Pritchard 


Dr R H Prrrcearp, who has been appointed to the 
newly established chair of genetics m the University of 
Leicester, has distinguished himself especially by his 
studies on the properties of the genetic material of micro- 
organisms Using a selective technique which permitted 
a high degree of resolution, he showed that the processes 
of recombination between sites very close to each other on 
the chromosome of Aspergillus nidulans obeyed rules 
different from those govermng recombinations between 
more distant sites His present work, with Escherichia cols, 
is contributing greatly to the elucidation of the factors 
underlying thymine-less death and mduction in lysogenic 
bacteria Dr Pritchard, who was born m 1930, gamed 
the Carter Gold Medal and first-class honows m botany 
from King’s College, London, prior to joming the Depart- 
ment of Geneties in the University of Glasgow ın 1951 
After completmg his PhD work, he spent a year as 
Rask-Ørsted Fellow m the Unrversity of Copenhagen 


NATURE 


November 30, 1963 vou 200 


He returned to Glasgow ın 1955 and remained there as, 
successively, Nuffield research assistant and lecturer until 
his appointment to the staff of the Medical Research 
Counceil’s Microbial Genetics Research Unit at the Ham- 
mersmith Hospitel m 1959 The selection of Dr Pritchard 
to head a new Department m the University augurs well 
for the contmued development of biological studies at 
Leicester 


New Department of Microbiology in the Queen's 

University of Belfast 

Loro HARDING or PETHERTON, chairman of the 
National Fund for Research mto Pohomyelitis and other 
Crippling Diseases, laid a plaque to mark the foundation 
of a new building for the Department of Microbiology, 
Queen’s University of Belfast, on November 12 The 
National Poho Fund made a grant of £70,000 towards 
the cost, the Northern Ireland Hospitals Authority 1s 
contributmg £50,000 and the balance of cost of approx- 
imately £350,000 1s to be met by the Government of 
Northern Ireland Su Hugh Casson is the architect of the 
new building, which is being erected near the Institutes 
of Pathology and of Chnical Science on the hospitals site 
at Grosvenor Road It ıs linked to these Institutes and 
to the Royal Victoria Hospital It provides m a podium 
extensive animal houses and ın five floors teaching and 
research laboratories and a virus reference laboratory 
for the Hospitals Authority The bwuldmg 1s expected 
to be completed by October 1964 


Science and Adult Education 


A REPORT entitled Science and Adult Hducation, issued 
by the Association of Scientific Workers, recommends 
that ın view of the rmportance of science and technology 
to the nation, the number of science classes m adult 
education should be increased to 20 per cent of the total 
within the present quinquennium, and especially in the 
longer courses (Pp 11 London Association of Scientific 
Workers, 1963 2s) This extension should be directed 
particularly at students with httle or no previous educa- 
tion in science, and additional funds for this extension 
should be made available by the Mimstry of Education. 
Some additional full-tıme appomtments of science tutors 
with responsibility for both teaching and expanding the 
provision of science classes should be made by extra- 
mural departments and by the Workers’ Educational 
Association An mmediate and substantial merease in 
the fees of part-time tutors 1s proposed as well as funds 
for extending special experimental schemes Special 
attention should be directed to including scrence courses 
m summer schools and week-end schools to create an 
atmosphere in which selence is regarded as a normal 
feature of adult education, to ways of integrating science 
into courses m social studies and the arts, and to ways 
of adapting science courses for the needs of special groups 
More books suited for adult teachmg are required and 
the publication of such books by successful tutors should 
be encouraged Branches of the Workers’ Educational 
Association should be encouraged to discuss ways of 
recruiting students for science classes and of conducting 
publicity for such classes 


Shortage of Science Teachers 


THe report of a recent survey carmed out by the 
National Union of Teachers, by means of a questionnaire, 
to which 22,000 schools responded, throws further hght 
on the shortage of speciahst teachers m England and 
Wales (The State of Our Schools a Report of the Findings 
of the National Survey of Schools, 1962 Part 3 An 
Analysis of the Findings Relateng to Grammar Schools, 
Comprehenswe Schools and Special Schools Pp 19 
London National Union of Teachers, 1963 2s 6d) In 
grammar schools, among all subjects, the greatest short- 
ages are m mathematics, in which 28 additional teachers 
are required per 100 schools, and m science, for which 
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the deficiency ıs 24 After these, the next most serious 
shortages are in English and foreign languages In com- 
prehensive schools, which as a whole are of more recent 
construction, the shortages are still greater, the figures 
being 68 for mathematics, and 59 for science—along with 
32 for Enghsh, 27 for geography, 23 for foreign languages 
and 22 for history Once again this survey brings out the 
meagre provision in both types of school for the teaching 
of engineering, mechanical and geometrical drawing, and 
rural science Most of the larger grammar schools and 
three-quarters of the smaller ones obtain some assistance 
with laboratory work Among other deficiencies of various 
kinds which the survey reveals, one stmking fact is the 
acute shortage ın comprehensive schools of teachers 
specially tramed to teach backward children These 
deficiencies are not merely matters of school administra- 
tion, for 1t 1s clear that, to a certain extent, among young 
people, a scientific attitude can be fostered by appropriate 
upbringing and traimmg, while in varying degree there 
1s scope for scientific ability at all levels and m all sectors 
of society The deficiencies, therefore, are symptomatic 
of weaknesses m Britam’s national culture 


Research in South African National Parks 


THE varied, subjects of the papers published in Koedoe, 
the journal for scientific research in the national parks of 
the Republic of South Africa (No 6, 1963), show the 
scale of the work being carried out under the auspices 
of the National Parks Board of Trustees A number of 
systematic and distributional mvestigations of both 
vertebrates and mvertebrates is included as well as 
several very interesting contributions on the use of 
different 1mmmobilizing drugs ın the capture of large 
mammals The use of such drugs ıs rapidly becoming 
widespread not only for brmgmg wild animals into 
captivity, but also m the scientific study of their biology, 
for ıt enables close examination to be made and marking 
by ear-tags or other means to be carried out An mter- 
esting collection of photographs ulustrates the technique 
by which a syringe contammeg the drug is incorporated 
in & dart fired from a special gun or crossbow <A drug for 
use with all species of mammals has not yet been made, 
but excellent results are bemg obtained by combining 
the rmmobihzmg and tranqulhzmg drugs m varymg doses 
according to species A paper by Pienaar and Van Niekerk 
describes the use of a tranquilizer on a number of oribi 
captured by driving them into nets ın order to mtroduce 
them into the Kruger National Park, where the species 
became extinct in 1943 f 


The National Art Gallery and Dominion Museum, 
New Zealand 


As with so many museums and art galleries, both m 
Britain and abroad, the real bottleneck at the National 
Art Gallery and Dommion Museum, New Zealand, 1s 
not finance but space for exhibits, for storage and for 
working While plans under consideration for the transfer 
of the Art Gallery to a new buldmg may provide an 
ultimate solution, the Museum must seek some immediate 
relef withm a much shorter time than 1t will take to 
buld a new Art Gallery The annual report for the year 
ended March 31, 1963, states that efforts have been made 
to persuade the Police Department to vacate the building 
on the Board’s property which 1s still used as a clothing 
store (Pp 26 Wellmgton, New Zealand Government 
Printer, 1963 1s 6d) Public relations are given con- 
stant attention, and m recognition of a considerable 
degree of municipal support the Museum tries to make 
its contribution as & civic community 


The Yale Peabody Museum of Natural History, New 
Haven, Connecticut 


ANNUAL Report No 4-1963 of the Yale Peabody 
Museum of Natural History, New Haven, Connecticut, 1s 
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the record of a progressive institution with a relatively 
large staff engaged on research and teaching as well as 
normal museum activities (Pp 60413 photographs New 
Haven, Conn Yale Peabody Museum of Natural History, 
1963) Dr 8S Duillon Ripley, the duector, stresses the 
fact that research leads to the development and refine- 
ment of the exhibits Sarawak Museum in Borneo pre- 
sented four specimens of Lanthanotus borneensis, one of 
the rarest and most primitive of hving reptiles It 1s an 
eailess animal, of which only eighteen specimens aie 
known in the world, and figures significantly ın the hypo- 
thesis that snakes were derived from some monitor-hke 
lizard in that ıt possesses many of the structures to be 
expected in an ancestor It was discovered m 1878, and 
so little is known of rts habits that the first observation 
of its feeding occurred ın New Haven in 1963 


The Smithsonian Institution, Washington 


THe annual report of the Smithsoman Institution for 
1962 ıs, as usual, a large volume of several hundred pages 
recording the strengthening of the academic staff, and 
progress in the renovation of the exhibits (Pp x+610+ 
106 plates Washington, DC Government Printing 
Office, 1963 475 dollars) Attendances reached the high 
figure of 8,923,131—an indication of the popularity of the 
Smithsoman Institution The great study collections are 
utilized by hundreds of research workers from other 
Government bureaux and from universities all over the 
United States The total number of catalogued objects 
now mn the Smithsoman 1s nearly 56 milion When the 
east and west wings of the Natural History Building are 
completed and opened for use and when the great new 
Museum of History and Technology is open, the effective- 
ness of the whole pattern of public display and of the use 
of study collections will be greatly appreciated. 


Register of Research in the Human Sciences (1960-63) 


THE second edition of the Register of Research wm the 
Human Sciences (1960-63), compiled by the Warren 
Spring Laboratory of the Department of Scientific and 
Industrial Research, has recently been published (Pp. 
vit 226 London HMSO, 1963 20s net) The new 
edition presents @ much more comprehensive account of 
research m ths field and m fact contams twice as many 
entries as 1ts predecessor Included within this title of 
“Human Sciences” are abnormal psychology, demo- 
graphy, developmental psychology, experimental psy- 
chology, imdustmal psychology, mdustrial sociology, 
physiological psychology, public admumustration, rural 
sociology, social anthropology, social disorganization, 
social economics, social geography, social history, social 
medicine social psychology, social stratification, and urban 
sociology The entries are arranged m broad subject 
headmgs and underneath are grouped in alphabetical 
order the names of the research stitutions Throughout, 
the research projects are numbered Then follows a brief 
deseription of the projects, the person (or committee) 
responsibie for the research, research workers, approximate 
starting date, approximate date of completion, mterim 
results, final results, parties concerned with enquiries and 
other information Two indexes are provided, the first 
deals with institutions giving address, telephone number, 
name of person in charge, ete , the second 1s a subject ndox 
covering all fields from “absenteeism” through “crime”, 
“housing”, “management”, “rural communities’, smok- 
mg”, “under-developed countries”, to “youth groups”, 
ete 


Family Planning 


Facep with a world population which could possibly be 
double that of the present 3,000,000,000 withm forty 
years, the Family Planning Association has decided to 
launch a massive international campaign The fact that 
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the Association 18 embarkmg on this campaign does not 
mean. that ıt wants to urge developing nations to adopt 
birth control or population lumtation as such Countries 
must decide their own population policies, but en increas- 
ig number are adopting family planning some because 
they have a serious abortion problem, others because thei 
economic development is greatly hampered—indeed 
sometimes preventod—by population increases which 
rapidly absorb the results of all attempts to raise the 
standard of hving Lord McCorquodale of Newton has 
agreed to become chairman of the Campaign Committee, 
which 18 composed of ə number of prominent social, 
industrial and scientific workers Details of its work are 
set out in the thnty-second annual report, which also 
describes the remarkable increase m chnics and services 
which the Association 1s providing throughout Brita. 
(Pp 22 London ‘The Family Planning Association, 
1968) At the end of April, 1963, 163 clinics were prescrib- 
ing oral contraceptives, 51 climes are able to offer 
facilities for taking cervical smears 


Prehistoric Cultures of North-east Angola 


Prehistorie Cultures of North-east Angola and ther Sig- 
nificance ın Tropical Africa, by Prof J Desmond Clark, 
is the title of a monograph published through the Dundo 
Museum by the Companhia de Diamantes de Angola 
(Diemang) (Publecacoes Culturais, No 62 Part 1 Pp 
222, Part 2 Pp 225-385 (80 plates) Lisboa Com- 
pana de Diamantes de Angola, 1963). It 1s a serious 
study of the prehistory of North-east Angola by one of 
our foremost prehistorians For many years, Prof Clark 
was the curator of the Museum at Livingstone and is 
now professor at Berkeley University in Cahfornia The 
volumes start with an mteresting table giving the radio- 
carbon dates and pollen analyses for the various cultures 
and the chmatic stages durmg which they occur Thus, 
the Sangoan of the early Gamblan is dated as far back 
as 38,000 years, while the Makahan (Tshitohan culture) 
can be fixed at about 6,830 years ago In the preface, 
Prof Clark pays tmbute to the late J Janmart, formerly 
head of the prospecting department, whose mtense 
mterest in the cultures of the area largely started these 
cultural studies He also mentions, among other col- 
leagues, Mrs Clark, who has made the excellent lme 
drawings of the implements which illustrate the work 
A short outhne of the relevant geology is given, and 
this 1s followed by a note on the raw materials used by 
prehistoric man The various chmates then come under 
review Chapter 3 describes the stratigraphical and cul- 
tural succession in Lunda. the termmology m general use 
in the Congo being used There are numerous maps and 
sections given, which illustrate the sequence Chapter 4 
contimues the story given in Chapter 3, but 1s concerned 
with more recent times There follow chapters describmg 
in greater detail the mdustries produced by the various 
cultures present These are, of course, of very great 
interest to the specialist Angola has from time to time 
been a refuge area when chmate changes elsewhere have 
become such that human existence became difficult As 
a result, the typological studies of the various industries 
compared, with those from other localities are a matter of 
great mterest Volume 2 1s devoted to illustrations of 
tools and photographs of a number of sites havmg a 
separate volume for these illustrations makes close study 
of the different cultures very much easier ‘The two 
volumes will be of great value to anyone wishmg to know 
about the prehistory of this mteresting region of Afneca 
Piof and Mrs Clark are to be congratulated on the 
result, and the Companhia de Diamantes de Angola for 
financing these pubhcations 


Barnard’s Star 


BARNARD’S STAR is the second nearest known stellar 
system, with apparent visual magnitude 9 5, a parallax of 
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0” 55 and a proper motion of 10” 3 per annum It has 
been mvestigated at the Sproul Observatory of Swarth- 
more College by P van de Kamp (Astronomical J , 68, 515; 
1963) on photographs taken over a period of forty-five 
years, 2,413 plates with 8,260 exposures obtamed on 
609 mghts by many observers Barnard’s Star has the 
largest known secular perspective acceleration in proper 
motion This was determmed (—0” 00014 m RA, 
+0” 00118 m dechnation) The residuals of the observa- 
tions from the predicted positions allowmg for proper 
motion, secular acceleration and parallax were investi- 
gated The residuals showed a periodicity of about 24 
years, and mdicate the presence of a companion A 
somi-axıs major of 0” 0245 and an eccentricity of 0 6 for 
the main star fit the observations Ifthe mass of Barnard’s 
Star ıs 0 15 solar mass, the companion has an orbit with 
semi-axis major of 2” 4, or 4 4 astronomical units, and from 
the displacements of the main star ıt can be shown that 
the mass of the companion ıs 0 0015 solar masses, or I 6 
times the mass of Jupiter Its apparent visual magnitude 
would be perhaps 30, far below the reach of existing 
telescopes 


Modern Instrumentation in Science and Industry 


On January 17, 1964, the London Sections of the 
Institute of Biology, the Institute of Physics and Physical 
Society, and the Royal Institute of Chemistry will hold a 
one-day symposium on “Modern Instrumentation im 
Scrence and Industry” at the Institution of Electrical 
Engmeers, Savoy Place This ıs the latest of a series of 
successful jomt symposia held by the London members of 
three Institutes, and will deal with some general (morning 
session) and some specific (afternoon session) aspects of 
the use of instruments and automated plant in biology, 
chemistry and physics The chauman of the symposium 
will be Sur John Cockeroft Of special common interest 
will be a lecture by G Malcolm Dyson, research director 
of the Chemical Abstracts Service, on “Fhe Correlation 
of Chemical, Physical and Biological Properties of Sub- 
stances by Mechamzed Programmes” Other speakers 
are W Grey Walter (Burden Neurological Institute, 
Bristol) on “Some Aspects of Instrumentation m Experi-’ 
mental Physiology”, R S Medlock (George Kent, Ltd , 
Luton) on “Automatie Control in Chemical Industries”, 
P H Hammond (Autonomes Division, National Physical 
Laboratory) on “Self-Optumizing Control Systems”, J M 
Hirst (Rothamsted Experimental Station) on ‘“Measure- 
ments of Foliage Infection by Fungal Pathogens”, V § 
Griffiths (Battersea College of Technology) on ‘‘Auto- 
matic Control in the Chemical Laboratory”, and S Arnott 
(Medical Research Council Unit, King’s College, London) 
on “Recent Developments m Molecular Biology’ The 
lectures will be followed by discussion There 1s a regis- 
tration fee of £1 for members of the participating 
societies and £3 for non-members, which will include 
refreshments and pre-prmts Tickets can be obtamed 
from the Finance Officer, Royal Institute of Chemistry, 
30 Russell Square, London, WC 1 


The American Geographical Society . Elections 


THE followmg have been elected Honorary Fellows of 
the American Geographical Society- Dr George Wust 
directo. of the Kiel Oceanographic Institute, Kiel, Ger- 
many, now visitng professor of oceanography at Lamont 
Geological Observatory, Columbia University, Dr John 
Qumey Stewart, associate professor emeritus of astro- 
physical sciences at Prmceton University, and Dr 
Gilbert F White, former president of Haverford College, 
now professor of geography at the University of Chicago 


Gairdner Foundation Awards 


THis year’s Gardner Foundation awards have recently 
been announced The Foundation was established m 1957 
by J A Gairdner, the Toronto mdustrialst Annual 
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Awards of 5,000 dollars and Awards of Merit of 25,000 
dollars are bestowed on those who ‘‘have made contribu- 
tions to the conquest of disease and the relief of human 
suffermg’’ The followmg are the most recently an- 
nounced. í 

Award of Mert to Dr Murray L Barr, head of the 
Department of Anatomy, Univeisity of Western Ontario, 
for his discovery of the fundamental difference between 
male and female cells, thus contributing to greater know- 
ledge of factors governmg heredity 

Annual Awards to Dr Jacques Genest, director of 
chnical research, Hotel Dieu Hospital, Montreal, for his 
work on high blood-pressure, Prof C Walton Lallehen, 
professor of surgery, University of Mmnesota, Minne- 
apohs, for development of several pioneering techniques m 
open heart surgery, Dr Irvme H Page, director of 
research, Cleveland Chnic Foundation, Cleveland, Ohio, 
for discoveries lnkmg the kidney to high blood-pressure, 
Prof E G L Bywaters, professor of rheumatology, 
University of London, for his work on the clinical features of 
rheumatoid arthritis which have delmeated the special 
features of the course of the disease, Dr Pierre Grabar, 
director of the French National Cancer Research Institute, 
Paris, for contributions to the knowledge of the identity 
of proteins which have aided research in immunology and 
leukemia, 


NATO Advanced Study Institutes Grants 


THe North Atlantic Treaty Organization 1s offermg 
grants towards the organization of Advanced Study 
Institutes during 1964 The meetings, which may cover 
any scientific topic, should last for two weeks or longer 
and may take the form of practical experimental courses 
as well as the more usual type with lectures and discussions 
Grants may be used to cover, m whole or m part, the 
travelling and living expenses of visitors, costs of pubhica- 
tion, ete Applications, which must be made before 
December 15, should be addressed to the Scientific Affairs 
Division, North Atlantic Treaty Organization, Place du 
Maréchal de Lattre de Tassigny, Paris 16, from which 
further nnformation can also be obtamed 


University News Aberdeen 


N M Levy and Dr M A Lappin have been appointed 
to lectureships ın electrical engmeermg and geology, 
respectively Dr W L Cunningham has been appointed 
to a research. fellowship ım biologieal chemistry 


Bristol 


Dr P J RANDLE, lecture: in biochemistry in the 
University of Cambridge, has been appointed to the newly 
established chair of biochemistry, and Mr J C Shepherd- 
son has been appointed to a chair of pure matherhatics m 
respect of his post as reader ın mathematics in the 


University Both appomtments will take effect as from 


April 1, 1964 The following appointments have also been 
made. Lectureships, Mr G A. Battersby (electrical 
enginseermg), Dr G I Fray (organic chemistry), Mr 
P M Keen (pharmacology), Dr J S Littler (organic 
chemistry), Dr T M Sutherland (chemical physiology) 
Research fellowships, Dr R R Holler (physics), Dr J 
Malos (physics) 


East Anglia 


Mr M B GLAUERT, at present senior lecturer in the 
Department of Appled Mathematics in the University of 
Manchester, has beon appointed professor of mathematics 
in the School of Mathematical and Physical Sciences 
Dr. N Sheppard, assistant director of research m spectro- 
scopy and lecturer m chemistry ın the University of 
Cambridge, has been appomted professor of chemistry m 
the School of Chemical Sciences Dr I Gibson has been 
appointed lecturer in biology m the School of Biological 
Sciences 
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London 


Pror. © A FISHER, professor of geography m the 
University of Sheffield, has been appomted to the chair 
of geography (with reference to Asia), tenable at the 
School of Oriental and African Studies, from October 1, 
1964 Tho title of professor of industrial and management 
engimeering has been conferred on Prof S Eilon, m 
respect of his post at Imperial College of Science and 
Technology 


Announcements 


Me E W Mapas, of the Dunlop Rubber Co, Ltd, 
has been awarded the Colwyn Medal for 1963 of tho 
Institution of the Rubber Industry, for his scientific and 
technological services to the mdustry Dr F H Cotton, 
head of the National College of Rubber Technology, 
London, has been awarded the Hancock Medal, for his 
services to the Institution and the rubber mdustry 


Tue Year Book of the Royal Society of Edinburgh, 1963, 
covermg the session 1961-62, includes, besides the 
obituary notices of Fellows, the proceedings of ordinary 
meetings, lists of recent awards, the accounts of the 
Society and the hst of Fellows at October 22, 1962 (Pp. 
144 Edinburgh Royal Society of Edmburgh, 1963 


- 20s , 3 50 dollars) 


Mr G L'E TURNER, Museum of the History of Scioncs, 
Broad Street, Oxford, writes “I am mvestigating the 
development of British microscopes in the nmeteenth 
century For the mvestigation of the resolving power of 
some historical mstruments I wish to have the use of a 
Nobert test plate and a Grayson rulimgs Jam wondering 
if there is a reader in possession of one or other of these 
probe plates who would be prepared to lend tt to me for 
this work If unable to lend such a plate, I should never- 
theless be glad to hear of 1ts whereabouts and any details 
of its construction and history ”’ 


A SYMPOSIUM on “Productavity in Research”, arranged 
by the Institution of Chemical Engineers, will be held in 
London duwing December 11-12 The programme will 
include sessions on* the policy of higher mdustrial 
management, organization and mteraction xn research 
success, the effect of environment Further mformation 
can be obtaimed from the Institution of Chemical Engin- 
eers, 16 Belgrave Square, London, SW 1. 


Tue third international congress on catalysis will be 
held ın Amsterdam durmg July 20-25, 1964 The congress 
will be devoted to a discussion of the mechanism of 
heterogeneous catalysis, and papers will be presented on 
molecular description of the catalytic reaction and its 
intermediate states and selectivity ın heterogeneous 
catalysis Further mformation can be obtained from the 
secretary of the congress, Dr D M Brouwer, PO 
Box 3003, Amsterdam 


A SYMPOSIUM on “Treatment of Pam m Incurable 
Disease’ will be held at Addenbrooke’s Hospital, Cam- 
bridge on January 18 The programme will include 
researches on the action of phenol on nerve fibres, films 
of the treatment of spastic conditions with phenol, recent 
advances in the treatment of cancer pain, analgesic and 
other drugs m the treatment of chrome pam; the surgery 
of pam The fee for the symposium will be I gumea 
Further mformation can be obtained from the Secretary 
of the Medical School, Tennis Court Road, Cambridge 


Erratom In an advertisement (Nature, 199, dui, 
1963) of books pubhshed by the International Society of 
Plant Morphologists, Department of Botany, University 
of Delhi, Delhi 6, one title was erroneously given as Plant 
Tissue and Organic Culture—A Symposium For Organre 
read Organ 
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PARTICLE SIZE ANALYSIS AND FLOW OF POWDERS 


HE second regional meeting on “Particle Size 

E was held on October 2 at the University of 
Sheffield under the auspices of the Whiting and Industrial 
Powders Research Council Lake the first meeting at 
Hatfield, ıt attracted an audience of about 200 people 
from all parts of the country, and on this occasion one 
person from as far away as Norway There was also an 
opportunity of visiting a specially arranged exhibition of 
particle size analysis equipment, at which sixteen ex- 
hibitors displayed twenty-fom instruments The day was 
divided into two sessions, particle size analysis being 
discussed ın the morning and the flow of powders in the 
afternoon 

The chairman of the morning session was Mr D C 
Soul, director of research of the Whiting and Industrial 
Powders Research Council The first lecture, by Dr 
B H Kaye, also of the Whiting and Industrial Powders 
Research Council, entitled “A Random Number Technique 
for Investigating the Accuracy of Microscope Methods of 
Particle Size Analysis’, gave, as he himself said, the 
mathematically less-expert particle size analyst a ‘do-1t- 
yourself kit’ for establishing the confidence limits to be 
placed in a given microscope particle count, or to compute 
the number of counts necessary to give a definite con- 
fidence The method depends on assigning numbers cor- 
responding to those in the size classes of particles found 
or anticipated, then to obtam random numbers from 
tables or otherwise, and interpret each number as 4 
particle Repetition of this process, involving no mathe- 
matics at all, allows & number of curves to be drawn, 
which wiil be enclosed by a ‘scatterband’ mdicative of the 
purely statistical variations to be anticipated, but stripped 
of all experimental or operators’ errors The technique 
was illustrated by discussions of several typical analyses 
A technique of ‘stratified’ sampling, in which the particles 
under test are divided into overlappmg gioups, which are 
counted separately and late: recombined, was shown to 
give narrower confidence limits at no extia effort The 
questions dealt with the need for preliminary counts of 
unknown samples, ‘homogenizing the results of the 
stratified groups to a unified whole, and the fact that the 
confidence limits of the whole, the average size, will be 
better than that of any particular group, which might be 
of interest, for example, for unwanted coarse material 

The second lecture on “The Use of the Optical Micro- 
scope n Particle Size Analysis’, by Dr V Timbrell, was 
read im his absence by three of his co-workers at the 
Pneumoconiosis Research Unit of the Medical Research 
Council and the Welsh School of Pharmacy Mr Reynolds 
described the electro-optical arrangements of the ‘double 
image’ microscope designed by Dr Timbrel}, ın which two 
images of the same particle ae produced by a vibrating 
mirror The amphtude of vibration is adjusted until the 
images are just contiguous, when the particle diameter in 
the direction of vibration can be 1ead from a calibrated 
meter Mr Cook discussed the advantages to be gamed 
by this method, which lends itself to a certain degree of 
automation by comparison with the graticule method 
Dr Barnett amplified this theme and supported ıt with 
figures showing the vastly me1eased 1eproducrbility ın 
mter- and intra-operator comparisons, because the 
operator has only to find the position when two mages 
precisely join, rather than estumate the sizes of megular 
areas Up to 400 particles can be counted in 10 mm 
The questions were concerned with the price and avail- 
ability of the microscope, the need or otherwise to make 
sure of random orientation of the particles, the possibility 
of using & projection method or exammmg photomicro- 
graphs rather than shdes, and methods of dispersing 


certain particles for mounting on slides Interesting 
answers to these latter questions suggested thixotropic 
hquids and, for completely thiee-dimensional random 
distribution, dispersmg the particles in a thermosetting 
resin and eventually prepaimg a section 

Dr J A Kitchener, of the Royal School of Mires, took 
the chair for the afternoon session During the first 
lecture, “The Flow of Powders”, Dr J C Whuilams, 
pimeipal lecturer in powder technology at the Bradford 
Institute of Technology, gave a seres of demonstrations 
to show the segregation of powders by size when being 
filled into a hopper Fertilizer fractions differmg 5° 1 
in diameter, the smaller particles bemg dyed green or 
black, segregated distinctly ın the ‘Perspex’ contamers 
and hoppers The effect ıs caused by the fact that the 
smaller paiticles cannot flow down the slope of the heap, 
which 18 dotted with excessively large ‘potholes’. 
Hoppers with more nearly vertical walls exhibit this 
phenomenon less Sumilar demonstrations and slides 
showed the absence of flow at or near the hopper walls as 
they were emptied This means that all except mono- 
disperse powders will unmix when being charged mto or 
discharged from a hopper, a phenomenon serious enough 
to merit close attention The questions elicited a number 
of interesting facts—to name but one, that density and 
shape factors may also promote segregation, but in a 
conflict of factors, size ıs always predommant Some 
desegregation becomes noticeable at particle diameter 
ratios 1 1 2. 

Mr R L Brown, deputy duector of the British Coal 
Utihzation Research Association, discussed “Angles of 
Friction and Shding of Non-Cohesive Powders’? The 
angle of repose 1s the steepest angle against the horizontal 
of a heap of material at rest, the angle of sliding 1s the 
angle to the horizontal of the interface between stationary 
and moving material of a bed of powder discharging 
through an aperture These angles depend not only on 
the material itself, but also on the geometry of the con- 
tamer and the manner of forming the heap, stress dis- 
tributions are all-important, so that reproducible but 
mutually exclusive results may be obtained Departure 
of the particles from sphericity and the presence of fines 
tend to increase the angles In order to relate them to a 
more fundamental property, the angle of internal friction 
observed when a powder 1s sheared, 1s introduced; except 
against very rough surfaces, the angle of external friction 
is usually smaller Internal friction and shding as shown 
by the crate: above the circular discharge aperture appear 
to be related There are considerable differences ın results 
derived from two- and three-drimensional surfaces, for 
example, ın long, 1ectangular hoppers as against circular 
ones Questions concerned the coating of powders, which 
may aid flow by destroying aggregates, different forms of 
‘bridging’ in hoppers, and the advantages (startng a 
movement) and disadvantages (compaction) of vibrators 
in hoppers 

The last speaker of the day, Dr L Cohen, of Sumon- 
Carves, Ltd, discussed “The Flow of Cohesive Bulk 
Solids” Rather than see how particle properties can be 
made to explain bulk properties, the lecturer described 
Prof Jemke’s approach of considermg the heap as a 
homogenous, isotropic, plastic material developing 
strength under its own compacting weight, a conception 
that has also been found fruitful im sol mechanics The 
principles of the Jenike shear cell, in which a compacted 
powder 1s sheared (a) across its bulk and (b) against a solid 
surface were explaaned The powder breaks down and 
begins to flow when 1ts cohesive shear strength 1s exceeded 
The practical history of the powder (dampness, tem- 
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perature, residence ın the hopper) ıs of crucial import- 
ance, but given the mght conditions of flow function can 
be derived which 1s an invaluable aid to hopper design, 
and which is capable of forecastimg differences in flow 
behaviour of otherwise seemingly identical powders The 
questions dealt with the design of bunkers, the degree of 
standardization of Jenike’s procedure and its apple- 
ability to damp and wet materials, the treatment of 
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powders of very low bulk density (magnesium carbonate 
at 8-9 lb /ft °), mechanical aids to hopper discharge and 
the effects of flow-promoters 

The meeting was closed with a vote of thanks to 
speakers, audience and organizers by Dr Kitchener, who 
also announced that preparations for a third regional 
meeting on powder technology topics in the spring were 
under way 


TRANSPORT AND TRAFFIC NOISE 


A SYMPOSIUM on ‘Transport and Traffic Noe” 
was held m the University of Southampton during 
September 27-28 The symposium, which was sponsored 
by the Society of Acoustic Technology and the Institute 
of Sound and Vibiation Research of the University of 
Southampton, was attended by about 130 people repre- 
senting various firms related to the motor mdustry, local 
government authorities, universities and colleges of 
advanced technology 

The symposium was opened with a lecture by Prof 
E J Richards, the director of the Institute of Sound 
and Vibration, on the impact of the report of the Com- 
mittee on the Problem of Noise, headed by Sir Alan 
Wilson Prof Richards, who was a member of the Com- 
mittee, directed attention to the startlng increase, which 
occurred between the 1948 and 1961 noise surveys, m the 
number of people who notice noise outside then homes— 
42 per cent in 1948 and 91 per centin 1961 The statistics 
given in the report suggest that road traffic noise 1s largely 
to blame for this increase In fact, of the various external 
noises, 36 per cent of people questioned m 1961 found 
road traffic noise disturbing, compared with 9 per cent 
who were disturbed by aircraft noise Prof Richards 
discussed the findings of the Wilson Committee in general 
terms and described some of the recommendations which 
it had made 

The second lecture was given by Dr B W Robmson 
(National Physical Laboratory) on the measurement of 
noise Dr Robmson outlined the various umts which 
have been introduced for the measurement of noise and 
discussed the relation between the objective (db), the 
frequency weighted decibel (dbA), the unit of subjective 
assessment (phon), and the attempts which had been 
made by Stevens, Zwicker and others, to compute a 
single loudness figme which agrees closely with the phon 
Dr Robmson also discussed the standard practices which 
have been suggested for rating the noismess of motor 
vehicles and which may soon be implemented by law 

The afternoon session was devoted to two technical 
lectures, by Dr T Priede (CAV, Ltd, Warple Way, 
London, W 3) and Dr P O A L Davies (Institute of 
Sound and Vibration Research) Dr Priede discussed the 
subject of engine noise, with particular reference to Diesel 
engine no1se, illustrating his talk not only with shdes, but 
also with tape recordings, which proved to be a much 
more efficient means of showing the result of decreasing @ 
noise by a few decibels Dr Prede discussed the mechanics 
by which noise was created ın a Diesel engine and desenibed 
some of the extensive mvestigations which have been 
carried out at CA V, Ltd, to reduce it Special mention 
was made of aur-intake noise, the reduction in noise which 
may be obtained by smoothmg the cylinder pressure, and 
the noise produced by resonance of the engine casing 

In his lecture on silencer design, Dr Davies compared 
the results which may be obtained from the traditional 
acoustic theory of silencers, and the new shock wave 
theory which has been mvestigated by him and his 
co-workers at Southampton Simgle-pulse shock wave 
theory can be used m discussmg an exhaust system, 
because for a typical four-stroke engine runnimg at 3,000 
rpm the primary pulses travel down the exhaust pipe 
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at intervals of about 18 ft Dr Davies showed that the 
single pulse theory may be used to give a picture of the 
gas flow through the exhaust system, to calculate the 
back pressure, and to determime the attenuation which 
will be produced by the system The acoustic filter theory 
still has its place ın the field of harmonic response, but 
the single pulse theory describes the transient response in 
a way the older theory could never do i 

The evening session of the conference consisted of an 
open lecture by Mr H Purkis, of the Building Research 
Station, on the subject of transport noise and town planning. 
Mr Purkis first directed attention to the way m which 
noise nuisance has been growing and ıs likely to grow in 
the future, owing to the tremendous mcrease in vehicle 
ownership and industnahzation He then discussed some 
of the proposals which had been suggested for combating 
the nwsance m new towns Motor-vehicles could not be 
prohibited from a town without killmg all commerce, and 
it could not be expected that the noise-levels which were 
to be laid down for cars would be able to counteract the 
increase im. overall noise-level which would be produced 
by the mereasmg number of vehicles | 

Since overall noise-level must be expected to increase. 
means must be found to prevent the noise reaching 
houses, shops and offices Mr Purkis discussed sunken 
roads, smooth flowing motor-ways lmed with specially 
insulated buildings to prevent the noise permeating to 
other dwellings, as well as some of the unsuccessful (that 
is, noise-producing) devices which were bemg used by 
traffic engineers to-day—one-way streets, which lead to 
faster, more noisy, traffic, and the use of side streets 
which distributes the noise to parts of the town which 
were previously qwet 

On the Saturday morning, consideration was given to 
the problem of noise as ıb affects the passengers m & car 
The first lecturer was Dr G M L Gladwell (Institute of 
Sound and Vibration Researth), who presented a review 
of the literature on the subject Hoe paid particular 
attention to the noise caused by the passage of the tyres 
over the road, to the way m which this was transmitted 
through the car structure, and to the mechanical/acoustic 
properties of the passenger cabm He also stressed the 
need for more fundamental investigation mto the vibra- 
tion characteristics of a ear, and the use of electronic 
analogue computers to make the mvestigation of the 
vibration characteristics of a projected design more logical 
and less a matter of guesswork In the extended dis- 
cussion period followmg this review, representatives from 
Peugeot, Ford, Humber, Purelh and Dunlop contributed 
from their own experience The discussion centred on the 
road noise problem M J Genestier, director of the 
Peugeot Research Laboratory, explamed how they had 
devised the suspension system of their 404 model specrfic- 
ally for the Michehn X tyre, a tyre which excites vibration 
in a frequency- range much narrower than others, and 
had managed so to tune the suspension system that the 
vibrations that were exerted were not transmitted to the 
car Other representatives stressed the need for car and 
tyre manufacturers to co-operate, and consider when 
designing a car the charactemstics of the tyres which were 
to be fitted 
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Dr A Chiesa, from the Pirelli rubber laboratory m 
Milan, gave the next lecture on some experimental 
investigations which they had undertaken on the noise 
inside ‘cars After a general discussion on the various 
origins of the noise, Dr Chiesa described the basic experi- 
mental method which 1s used The noise produced m a 
running car varies in intensity and m frequency content 
It must therefore be mvestigated by using statistical 
methods Most of the mportant mformation about the 
noise could be obtamed from its frequency spectrum, and 
Dr Chesa discussed the mstruments which were used m 
the Pireli laboratories to obtain this spectrum com- 
pletely automatically He then showed how the various 
kinds of vibration. could be distinguished by an mspection 
of the spectrum, wWlustrating his remarks with shdes of 
. typical spectra obtamed by driving over various kinds of 
road Dr Chiesa agam emphasized the ımportance of 
co-operation between car and tyre manufacturers, and 
described the kind of research programme they carry out 
when a certam manufacturer considers fitting one of 
their tyres 

The final lecture of the symposium, was on the subject 
of hovercraft noise and was given by Prof Richards 
He began by pomting out that hovercraft present an 
extremely difficult noise problem, much greater than that 
of conventional aircraft or hehcopters They operate at 
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ground-level, very often near to dwellings, them most 
likely means of propulsion ıs an auscrew, which 1s basically 
noisy, and at present they develop very high horse-power 
in a relatively flimsy stiucture Prof Richards went on 
to define the various noise sources—engines, propellers, 
fans, air jets, ete All these sources can generate noise, 
which im turn ean produce resonances in the aircraft 
structure He then stressed that a fair estimate of the 
likely noise production of a hovercraft could not be 
obtained from prototypes, which mevitably were con- 
structed from components already im use m æreraft, 
motor -cars, ete , and which were not designed specifically 
for hovercraft Provided that proper attention was 
directed to the components, the design of the hovercraft 
could undoubtedly be modified to minimize the noise that 
was generated Prof Richards directed attention to the 
fact that the noise problem for conventional aircraft was 
realized only when they had been in use for many years, 
but that, provided sufficient pressure was exerted on 
designers, 1t could and should be dealt with at an early 
stage of the development of hovercraft 

Reports on the research work on which some of the 
lectures were based are to be published in forthcoming 
issues of the new Journal of Sound and Vibration 
(Academic Press, Ine, London, Ltd ) 

- G M L GLADWELL 
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FUNDAMENTAL ASPECTS OF COMBUSTION 


HE annual Coal Science Lecture of the British Coal 

Utilization Research Association was established 
m 1951 ın the belef—to use the words of Sir Charles Elis, 
then its president—‘‘that a Research Association should 
m its own particular field play a part analogous to that 
of the great learned societies and should, m addition to 
applying knowledge and attempting to produce immediate 
results, also take 1ts share of responsibility in the progress 
of the fundamental work of 1ts subject” The previous 
Lectures, which have proved eminently successful, were 
given by eight leading British scientists and three from 
overseas Prof D. W van Krevelen (University of Delft), 
Monsieur R Cheradame (Contre d’Etudes et Recherches 
des Charbonnages de France), and m 1962, Mr H Seidl 
(Deutsche Babcock and Wilcox Dampfkesselwerke) 

The twelfth of the series was delivered by Dr D T A, 
Townend at the Institution of Civil Engmeers on October 
16 Dr Townend, who was until 1946 Livesey professor of 
coal gas and fuel mdustries in the University of Leeds, 
retired as director general of the British Coal Utilization 
Research Association in September 1962 and, when imvit- 
ing him to give the lecture, the Association’s Counen 
suggested that he should speak on a subject to which his 
earher work on the fundamental aspects of combustion 
was relevant hence his title “Some Reflexions on Com- 
bustion” 

Dr Townend said that, on reflecting on a suitable theme, 
he had been led more and more to appreciate how dominat- 
ing an influence the combustion of the elementary com- 
bustibles, hydrogen and carbon monoxide, must play 
in the overall combustion and gasification of all solid fuels 
For coal was first pyrolysed to yield combustible gases, 
volatile hydrocarbons and coke, the primary combustible 
gases bemg hydrogen and methane, and at temperatures 
above 700° ©, hydrogen was almost the sole product. 
Carbon monoxide was the primary product of the oxidation 
of coke and the volatile hydrocarbons yielded on pyrolysis 
ultimately hydrogen and carbon Finally, even hydro- 
carbons were first transformed essentially mto carbon 
monoxide and hydrogén before ther overall combustion 
was completed Some 30 per cent of the potential heat 
m coal was released durmg the production of carbon 


monoxide by the direct oxidation of carbonaceous mater- 
1al, and the remainder was released from the combustion 
of carbon monoxide and hydrogen The presence of 
hydrogen and carbon monoxide in the combustion gases 
within a pulverized-fuel-fired furnace was iJlustrated from 
the present work of the International Flame Foundation 
at Iymuiden 

Dr Townend next directed attention to the important 
part played by hydrogen and oxygen atoms m the chain 
mechanisms inherent m the combustion of hydrogen and 
carbon monoxide, m flames ther concentrations were 
greater than would be expected from theoretical considera- 
tions The presence of hydrogen atoms was readily 
demonstrated by the phenomenon of candoluminescence 
whereby certain activators (for example, oxides of bismuth, 
manganese and lead) added to the oxides of host materials 
(for example, calcium, strontium and barium) cause a 
characteristic ght emission (fluorescent spectra} when 
brought m close proximity to the flames of hydrogen- 
containing combustibles The hydrogen atoms recombine, 
however, in the presence of diluent gases and at eritical 
diluent concentrations the light emission 1s repressed 
Moreover, at the pomt of the repression (a) the flames 
of hydrocarbons are rendered non-lumimous, and (b) in 
the presence of sodium salts the yellow D-lne emission 1s 
also quenched In futher illustration of the part played 
by hydrogen atoms and their recombination by molecular 
collisions or on surfaces, ıt was shown how the heat 
conduction from a hydrogen flame to a surface was 
20 per cent greater than that from a fairly dry carbon 
monoxide flame, although the calorific values are much 
the same 

The presence of oxygen atoms im carbon monoxide 
flames had been established some years ago in connexion 
with work on boiler avadabilty, and there was httle 
doubs that they were mamly responsible for the oxidation 
of sulphur dioxide to sulphur trioxide with the ultimate 
formation of sulphuric acid 

Another rmportant problem concerned with the com- 
bustion of carbonaceous fuels was the presence of chemi- 
sorbed layers on the fuel surface At low temperatures, 
an unstable carbon—oxygen—water-complex (peroxygen) 
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controlled the oxidation of the coal substance, at about 
70°-80° C its breakdown could lead to rapid oxidation 
and with certain fuels to spontaneous igmition At com- 
bustion temperatures the presence of a layer, defined as 
oxycarbon, was an important factor m the combustion 
process 

Reviewing the overall picture, Dı Townend pointed 
out that ın the practical field a matter of importance was 
the control of the ae:odynamics of a combustion system 
to provide adequate mixing of sohd particles with the 
reactant gases, mcluding hydrogen, carbon dioxide, 
water and atoms and radicals, for gasification and oxida- 
tion were mutually mvolved He also considered the 
hkely advantages to be gained by combustion under 
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pressure, having regard to the chemical and physical 
factors mvolved 

In conclusion, Dr Townend emphasized that many 
combustion phenomena accepted to-day as commonplace 
would not have been predicted forty years ago, and as an 
wWustration he mentioned the manner of his discovery of 
the two-stage process of the ignition of hydrocarbons 
which had proved the key to the elucidation of the 
problem of ‘knock’ m mtornal combustion engines 

After the lecture a diner m honour of Dr Townend 
was held at the Savoy Hotel, at this function the Coal 
Science Medal was presented to Dr Townend by Mr E H. 
Browne, president of the British Coal Utibzation Research 
Association 


A CHANNEL LINK 


th. 


ph eae tet the report of the working group of 
British and French officials on Proposals for a Fixed 
Channel Iunk* was published two months later than the 
Broadsheet Transport in the Common Market, issued by 
Political and Economic Planning mn July f, 1b 18 significant 
that ın the Broadsheet Mrs Trench makes no 1eference 
at all to either a tunnel or a bridge for the English 
Channel After mdicating the three objectives of a 
common. transport—remova] of obstacles which transport 
- would offer to the establishment of the general Common 
Market, creation of healthy competition of the widest 
possible scope, provision of means of transport meeting 
in quantity and im quality the requirements of the 
European Economic Community—the Broadsheet reviews 
the measures proposed These melude a tarıff poley for 
freight, and after considering the general proposals the 
Broadsheet considers international transport by road and 
the domestic road transport of goods 
The investigation finds that there 18 still no sign of an 
agreement between member States on the proposals or 
even of the policy being implemented ın 1963-65, and it 1s 
unlikely that there will be any substantial progress towards 
implementing a common policy until after this The 
proposals in the Action Programme for the Common 
Transport Policy presented to the Council of Musters m 
May 1963 are themselves the result of compromises 
between conflicting objectives of the pohey and also 
between existing practices ın the member States, they are 
so framed that they stand some chance of being” accept- 
able to all the countries ın spite of the differences between 
their present transport systems The objectives of the 
poley are much more ambitious and extensive than 
the minimum necessary to secure the free working of the 
Common Market, and the imstruments chosen, notably 
the system of forked tariffs, have far-reachmg tmplhea- 
tions Nevertheless, some of the major transport problems 
are left untouched Own-account transport of goods 1s 
left free to develop in a way which could well frustrate 
the objectives of the policy to secure an optimal use of 
transport facilities of the Community as a whole There 
are no proposals about private cars, although the growth 
in their numbers and the pattern of ther use affect road 
expenditure and traffic congestion, and thus the cost of 
operating goods vehicles, as well as the passenger revenue 
of the ralways, the size of the railway system and its 
costs of provision 
Any attempt to secure a real improvement in a com- 

munity’s use of transport resources should, the Broad- 
Sheet pomts out, rest on a full mvestigation of the social 
- benefits and costs of transport operations, and the Com- 
mission is at present studying ‘infra-structure costs’ m 

* Ministry of Transport Proposals for a Fired Channel Iank Pp 1v +60. 
{(Omnd 2147} {London HMS0O,1963) 69 6d net 

+ Planning. Vol 29, No 473 (8 July, 1963) Transport in the Common 


Market Pp 223-288 By Sylivia Trench (London Political and Economic 
Planning 1963) 6s 


order to reconstiuct the basis of taxation on different 
forms of transport to redistribute the burden of Govern- 
ment expenditure as between different users It is sug- 
gested that the Commussion should broaden these investi- 
gations to take mto account costs and benefits dispersed 
among the community as a whole as a result of the expan- 
gion or contraction of different kinds of transport Policy 
could then be based on a much better knowledge of what 
different developments are likely to cost the community 
in terms of lost amenities, increased congestion, reduced. 
scope and frequency of pubho services, ete 

This kind of consideration is lackmg ın the report on 
the proposals for a Channel tunnel and Channel bridge 
Unfortunately, the report ıs also markedly lackmg ın either 
imagimation or enthusiasm, and it appears to be pre- 
occupied with financial and economic considerations in 
the narrower sense to the exclusion of social and pohtical 
and even technical aspects whether short or long term 
Charged with considermg the project for a tunnel proposed 
in March 1960 by the Channel Tunnel Study Group and 
the project for a bridge proposed m October 1961 by the 
Channel Bridge Study Group, its findings are in favour 
of the rail tunnel project It finds this means satisfactory 
from the technical pomt of view and constitutmg from 
the economic point of view a preferable solution to the 
continued, use and development of established means of 
transport, while at the same time being free from the 
practical disadvantages of the bridge—which 1s hkely to 
have a capital cost almost double The working group 
foresees no increase in traffic or other advantage to offset 
this higher cost, and even the finanemg of the rail tunnel 
it regards as an uncertain msk and recommends that the 
two Governments should contemplate direct guarantee of 
loans, but also that the bounds of the privately owned 
undertakmg should be guaranteed This would be a 
new departure in United Kingdom practices and one that 
in France ıs only used on an extremely lmuited scale 

It 19 recognized that the bridge, which offers a con- 
tinuous road and ral Channel lnk in the open, 1s a more 
attractive proposal to road users than the tunnel project, 
im which vehicles are driven on and off special car ferry 
trains operating at mtervals of 5-30 mm according to 
demand, carrying erther 150 or 300 cars, and completing 
the journey m an average of-65 mm, of which 45 mm 
would be occupied by the journey proper The workmg 
party regards the bridge as, offermg a new and serious 
hazard and source of delay to shipping, also its construc- 
tion would mvolve mternational agreement as to safety 
regulations for sea traffic as well as to the bridge m pumn- 
erple It does not consider that these objections would be 
removed by foreseeable developments m navigational_eaids 
within the next few years However, ıt did not seriously 
consider a third proposal, for an immersed road-rail tunnel, 
which was submitted m March 1963 and for which the 
capital cost 1s estumated to be £236 milhon, compared 
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with £329 milhon for the bridge and £160 million for the 
rail tunnel 

The proposals for a bridge and for a road tunnel both 
rely largely on tax reliefs to umprove the financial pros- 
pects of their respective projects, but the msks do not 
appear to be excessively high, and while the means of 
Government assistance here proposed may be open to 
objection, the decision as to whether the project should be 
supported or not 1s one for Government Jevel The 
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decision, moreover, 18 urgent and ought not to be post- 
poned If the determming considerations are thoso that 
fall outside the scope of the working party itself, and even 
if the proposals represent httle that could not have been 
advanced half a century or more earher, to delay is only 
to increase the ultimate cost of a favourable decision—a 
cost that has multiphed many times since the proposal 
was first advanced in the last century (see, for example, 
Nature, 1, 160, 303, 631, 1869) 


EMPLOYMENT OF WOMEN IN INDUSTRY 


RECENT investigation of the mdustrial employ- 
ment of women throughout their middle working 
lives*, to which the Director of the Nuffield Foundation 
contributes a foreword, is essentially in continuation of 
the investigations which the Foundation has for some time 
been promoting on the employment prospects of older 
men Insisting that the basic unit of society is the indis- 
soluble complex of relationships that controls both men 
and women, Mr Le Gros Clark takes account of this subtle 
but changing element in dealing with the influx of women 
mto employment. Considering first the hfe rhythms of 
modern women he concludes that there will be far fewer 
single women, ın middle life and a diminishing number of 
widows, though this large :mpact of widowhood will not 
be felt until most married women are passing beyond 
thew employable age Of necessity, if employers still need 
female labour, they will have to depend on married 
women, and mostly on those of mature years Moreover, 
Mr Le Gros Clark insists also on the importance of the 
contribution which married women and mothers make 
outside the labour market, he regards as misleading the 
classification of many women by economists as merely 
‘dependants’ Women as a whole are not free to go out 
to work until they feel that they have among them 
accounted for their multifarious domestic and family 
commitments 
His analysis of available and relevant figures of part- 
time employment indicates that age makes remarkably 
little difference in the opportunities most women have of 
limiting the hours they work, and that the older women 
still have their domestic commitments as well as some 
impairment of health ın mind when they stipulate for a 
part-time job Most of them would also seem to take ıb 
for granted that at their age they may have to gravitate 
to a catermg. domestic or cleaning job Now that working 
hours per week are contracting m most imdustries, the 
stipulations made by many married women seem likely 
to appear more realistic It ıs not easy to say at what 
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ages and for what reasons women finally move out of the 
labour market, but, ın the present state of medical know- 
ledge, women seem more susceptible than men to the 
kinds of ailment which one might expect to hasten their 
withdrawal from work outside their homes 

Their rates of withdrawal from the manufacturing indus- 
tries are most noticeable, and while the possibility of 
moving the older married women to lighter or modified 
work requires examination, 1t can at least be said that, 
although most middle-aged women are not on such 
exacting work, the differential withdrawal rate among 
those who are could easily affect the average rate at 
which women leave employment At present they do so 
in substantial numbers in their early fifties, and probably 
nearly one in three has departed by the time they approach 
sixty Some leave by choice and some subject to retirement 
regulations, but a proportion which is not negligible 
complain of industrial stram or meipient ill-health, so- 
that women still at work m their late sixties represent 
only about a quarter of those who are at work ten years 
younger, and most are working on their own or managing 
the work of others, or in some ‘domestic’ form of employ- 
ment 

Mr Le Gros Clark suggests some of the female—male 
adjustments that are likely to be needed particularly if 
middle-aged married women are required in employment 
In large measure he predicts they will be able to make 
their own terms, particularly about their hours of work 
This 1s likely to be felt particularly m health, welfare and 
educational services, but he suggests too that the amenities, 
the codes of behaviour and the conventions habitual 
through industry are likely to be affected ultimately Ho 
points to the desirability, ın the general education of 
girls, of making an effort to break down the barrier 
between the sciences and the arts and of stressing the 
esthetic qualities of the former subjects Thuis 1s largely 
a matter of finding imaginative teachers, but ıt has a 
great bearing on equipping girls for life, especially as, 
ultimately, married women may have to show them- 
selves more prepared to take on posts of skill and 
responsibility 


SCIENTIFIC RESEARCH IN BELGIUM 


HE annual report for 1962 of the National Council 

for Scientific Pohey, Brussels*, 1s of special interest 
m view of the present discussions on scientific poley m 
Western Europe generally Moreover, ıt exemplifies the 
type of report which the Office of the Ministry for Science 
might be expected to provide regularly for the United 
Kingdom and which, on a lesser scale, the annual report 
of the Advisory Council on Serentific Policy has some- 
times supplied in part Folowmg an mtroduction, the 
report is in two parts the first outlmes the functions of 
the Council, mcluding the general structure of scientific 
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work in Belgium, the second records the activities of the 
Couneil durmg December 1, 1961—December 1, 1962, 
including those of its commuttees and mstitutions and 
Government measures affecting the work of the Council 
Among appendixes which list the membership of various 
committees, etc , 18 a note on the meetimg of the Mims- 
terial Committee for Scientific Poley and the Bureau of 
the Council last July at which the Budget for 1963 was 
fixed at 4,904 millon francs, a 20 per cent mcrease on the 
previous year, and including an 18 per cent merease for 
the universities 

The first part of ‘the report ıs of the most general 
interest The budget for 1962 was for 4,080 mhon franes, 
an increaso of 144 per cent over 1961 Of this, 2,316 
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million franes were for education, 1,156 million franes for 
economic interests, 179 mullon franes for agriculture, 
153 million frances for defence (a decrease of 9 per cent) 
and 77 milhon frances for pubhe health By institutions 
the distribution. of the budget ıs as follows (figures im 
brackets give the percentage merease on 1961) univer- 
sities and other Ingher educational institutions, 2,434 
mullion franes (11 2), State scientific establishments, 748 
milhon francs (11 7), public service institutions supported 
by the State, 627 millon frances (27), mdustrial enter- 
prises and co-operative centres, 170 milhon frances (16 4), 
and international organizations, 101 millon frances (— 6 5) 
By sciences, etc , the distribution 1s as follows funda- 
mental research, 533 milhon francs (16), of which 221 
milhon franes was for the exact sciences, 114 mullon 
francs for biology and other natural sciences, and 80 
mulhon frances for the medical sciences, 601 million francs 
for applied research (18), of which 276 milhon francs was 
for agriculture and vetermary medicme and 325 million 
francs for industrial research, 826 mullon frances for 


No 4909 


NATURE 


“ 


843 


nuclear science (19 7) and 120 million franes for economic 
and social science (33 3) 

The second chapter of this first part of the report 
analyses further the research effort as supported by the 
Foundation for Scientific Research, and m special fields 
such as nuclear energy and space research, for which 14 8 
mulhon francs was allocated among four groups Fifteen 
groups working on molecular biology received 26 milhon 
francs. six on medical enzymology, 3 millon frances, and 
seven on human geneties, 45 million francs Information 
regarding the univeisities, similar to, but less detailed 
than, that supphed m the annual returns from the 
University Grants Committee, 1s contained ın the folowmg 
chapter, which also includes figures for the support and 
staff of national scientific mstitutions Student numbers 
at the four universities of Ghent, Liége, Brussels and 
Louvain have risen by 23 7 per cont since 1958 to 28,346 
mm 1962, and other institutions of higher learning bring 
this total to 32,726 University grants have mereased in 
the same period from 646 to 1,336 5 millon francs 


STRYCHNINE-RESISTANT CENTRAL INHIBITION 


Strychnine-resistant Inhibition in the Brain 


N the spinal cord ıt has been shown that strychnine 

very offectively depresses the activity of the post- 
synaptic mhibitory synapses which are formed by a variety 
of pathways converging on motoneurones’-* Strychnine 
depresses the mbubitory action of the olivo-cochlear 
bundle on sensory fibre termmals and on the hair cells 
of the organ of Corti® Smee this alkaloid has this specific 
depressant action on so many types of inhibitory synapses 
it has been suggested that ıt acts competitively against 
the same inhibitory transmitter substance’ Large and 
prolonged inhibitory postsynaptic potentials (IPSPs) have 
been recorded from a variety of neurones in the higher 
centres of the brain pyramidal cells of the motor cortex?-™, 
of the sensory cortex!!-14 and of the hippocampus***, and 
also mitral cells of the olfactory bulb’, cerebellar Purkinje 
cells!?18 and thalamic neurones’*-*! If there ıs the same 
wnhibitory transmitter at all these synapses, ıb would be 
expected that strychnine would similarly be a very 
effective depressant 

However, Green, Mancia and Baumgarten” and Baum- 
garten, Green and Mancia*4 found that strychnine failed 
to block the inhibition of mitral cells and cells of the 
plexiform layer of the olfactory bulb in response to 
stunulation of the lateral olfactory tract and of the anterior 
commissure In the mvestigation reported here ıt 1s shown 
that strychnme is without any detectable effect on three 
examples of postsynaptic inhibition m the brain even when 
given ım doses that virtually eliminate postsynaptic 
inhibition in the spinal cord 

Adult cats were anesthetized by pentobarbital sodium 
and intracellular recordmgs made by glass microelectrodes 
filled with solutions of 3 M potassium chloride (5-40 MQ) 
or 2 M potassrum citrate (7-30 MQ) Mieroelectrodes 
filled with 4 M sodium chloride (1-4 MQ) were usually 
used for extracellular recording 

In Fig 14 are the intracellular and just extracellular 
records from a hippocampal pyramidal cell m response to 
stimulation of the fimbria hippocampi Subtraction of 
these two records reveals that the pyramidal cell had 
responded by a typical large and prolonged mubitory 
postsynaptic potential In Fig 1B ıt 1s seen that 10 mm 
after the mtravenous myection of 0 3 mg strychnine hydro- 
chloride per kg body-weight a sumlar mhibxtory potential 
was evoked in another pyramidal cell close to the first 
Postsynaptie unhibitory potentials of comparable ampli- 
tude and duration were observed in 174 out of 178 impaled 
hippocampal cells m strychnine-free preparations and 
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Fig 1 A, mhibitory postsynaptic potential from hippocampal pyramidal 
cell, produced by fimbra stimulation (FIM) B, simular inhibitory 
potential after intravenous injection of 0 3 mg strychnine hydrochloride 
per kg ntra, intracellular, eztra, extracellular recording In A and B 
positivity 1s upwards, im C-G positivity 18 downwards Q, responses 
evoked by stimulation of parallel fibres at 1 8 and five times threshold 
(upper and lower traces) and recorded from the layer of Purkinje cell 
bodies in the cerebellum A negative wave with spike discharges 13 
followed by a positive wave (P) which 1s associated with an inhibitory 
hyperpolarization of the cell-body membrane {ref 18) CON, control 
response before strychnine D and E are similar responses after intra- 
venous myection of 01 and 02 mg strychnine hydrochloride per kg, 
respectively F, responses recorded from the ventrobasal complex of 
the thalamus (TH) and the post-cruciate gyrus (CORT) m response to 
a combined volley in the contralateral superficial radial (SR) and 
ulnar (V7) nerves after mtravenous injection of 09 nig/kg strychnine 
hydrochloride Both the thalamic positive wave (P) m F and the 
repetitive P-waves m @ are associated with large imhibitory post- 
synaptic potentials (refs 20, 21) and are resistant to this large dose of 
strychnine 
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Fig 2 A, upper traces in inset records are surface hippocampal responses to stimulation of fimbria ‘The first deflexion 1s due to antidromic 
invasion of pyramidal cells, the second (arrow) to synaptic excitation ofthese cells The lower traces are the responses to the same test stimulus 
preceded 42 msec earlier bv a conditioning local volley (/ OC— FI 4/)—a 18 the control response, b and ¢ are tahen after intravenous strychnine 
injections Svmbols and doses tndiented on the right in the figure Tn the graph the sıze of the synaptically evoked pyramudal! cell response to 
test vollev 1s plotted against the conditioning-test interval The inhibition lasts for about 200 msec and 1s unaltered bv stry chnime in doses up 
to 0% mg/kg R, upper traces ın insets show inhibitory effect of parallel Abre stimulation on the response of cerebellar Purkinje cells toa second 
and similar stimulus (LOC-- LOC) Lower traces are test responses onlv d ıs the control response, e and f the responses after strychnine 
administration Symbols and doses indicated to the right In the graph, the size of the negative wave is plotted against conditioning-test 


interval 


Inhibition lasts more than 100 msec and is unaffected bv 0 2 mg/kg strychnine hydrochloride CON, control value, vertical bars 


indicating the scatter 


— 


m every one of the 25 cells mmpaled after mtravenous 
strychnine administration ın doses of 0 8 mg/kg or higher 

In the cerebellum strychnine ıs likewise without action 
on the large extracellular positive potentials (Fig 1C, D, 
E) which are produced by postsynaptic mnhibitory action 
on Purkinje cells and recorded just outside the cell bod1es!® 
Sumiuarly, in the thalamus the large nmbitory postsynaptic 
potentials ın the relay cells of the ventrobasal complex 
have as thew counterparts large positive waves (P-waves) 
extracellularly?*?4_ Fig 12 shows that the mitial part 
of the P-wave set up by a large cutaneous volley was 
present and of normal size after a total dose of 0 9 mg/kg 
of strychnine, and in Fig IG there was sill the normal 
series of rhythmic P-waves with associated burst responses 
The intracellularly recorded counterpart of this response 
pattern 1s a series of large IPSPs 

In the hippocampus and the cerebellum strychnine 
also does not depress mbhibitory actions such as those 


displayedin Fig 2 In Fig 2A tho upper row of the insets 
show hippocampal surface records of responses to fimbrial 
stimulation The first deflexion is a sign of the antidromic 
invasion into pyramidal cells, whereas the second wave 
denotes the synaptic activation of the same neurones 
The lower row illustrates the effect of a local shock pre- 
ceding the fimbrial stimulation by 42 msec, a gives the 
results before, and b and c after, the intravenous myjection 
of 015 and 03 mg/kg strychnine hydrochloride, respec- 
tively. The graph ın Fig 2A 18 a plottmg of the sizes 
of the synaptically evoked deflexion to fimbria stimulation 
against the time after a local stimulus, measured ın -per 
cent of the control value The filled circles show the 
results before the strychnine administration, the open 
triangles after 0:15 mg/kg, and the open squares give the 
results after 03 mg/kg strychnine hydrochloride Fig 
2B 1s a sumuar plotting for the cerebellar inhibition The 
response here is the second of two potentials evoked by 
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local stimulation of the parallel fibres about 2 mm from 
the recording electrode The latter was situated at the 
Purkinje coll body layer and picked up the P-wave 
associated with the mbhibitory postsynaptic potontial 
(ef Fig 1C,D,#) Filled circles give the control responses, 
open trianglos the responses after 01 mg/kg and open 
squares tho responses after 0 2 mg/kg strychnine hydro- 
chloride The insots d, e and f show the mhibition of the 
second response after tho same doses rospoctively The 
upper traces show the inhibition of the test rosponsó, the 
lower traces are the test responses alone Neither ın the 
hippocampus nor m the cerebellum inhibitory curvos 18 
there any trace of a depressant action by strychnine 
Crawford, Curtis, Voorhoeve and Wilson (following com- 
munication) have also found that strychnine has no 
depressant action on mhibition of spontaneous or drug- 
induced repetitive firmg of Purkinje cells, nor on the 
imhibition of sensimotor pyramidal cells following anti- 
dromic stimulation of the pyramidal tract 

Our conclusion 18 that the powerful mhibitory action on 
hippocampal pyramidal colls, cerebellar Purkinje cells 
and ventrobasal thalamie relay colls is resistant even to 
large doses_of strychnine. 

It does not seem possible that this failure of strychnine 
action can be due to blockage by the blood-brain barrier 
There ıs amplo evidence that the strychnine admunistra- 
tion 18 having a convulsant action at the higher levels of 
the brain For example, in our experiments there was an 
increased rate of spontaneous discharge of cells, an 
augmented background noise and a large increase in the 
potential waves recorded from the surface of the cerebellum 
and hippocampus 

Thus, there soom to be just two possible explanations 
for the failure of strychnine action on the inhibitions 
investigated One 1s that the transmitter or transmitters 
responsible for the inhibition exammed m these higher 
centres are differont from that which produces strychnime- 
sensitive postsynaptic mhibition m the spmal cord and 
the cochlea) The other possibility is that the mhibitory 
transmitter may be the same in all areas mentioned, but 
receptor sitos of the subsynaptic membrane may differ 
between the various parts of the nervous system Conso- 
quently, strychnme may differ m its effect on account of 
the effectiveness of its competitive attachment to the 
receptor of the mhıbıtory synapses on various nerve 
cells 

The strychnine-resistant postsynaptic mhibitions are 
remarkable for the long duration of the unitary IPSPs 
and also for the potency of the IPSP Possibly these 
features are related to the strychnine-resistant proporty 
For example, they may arise either because there 1s a 
different intuibitory transmitter that is much more 
efficient or because the transmitter receptor sites react 
much more effectively Furthermore, the large size of the 
hyperpolarization suggests that conductance for K+ ions 
plays a much larger part than with mhibitory actions on 
motoneurones** However, with all these IPSPs there is 
also an mecreased Cl- 10n permeability It will be appreci- 
ated that many of the strychnime-resistant mhrbitions 
reported in the literature are due to pre-synaptie mhibi- 
tion? 
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Strychnine and Cortical Inhibition 


Is view of the potent depressant action of strychnine 
on the postsynaptic hyperpolarizmg mhibitory potentials 
of spinal motoneurones', 1+ has been assumed that tho 
enhancement of evoked potentials of the cerebral cortex 
which is produced ‘by topically admumuistered strychnine 
1s associated with the depression of simular mhibitory 
potentials of cortical neurones? Howover, strychnine, 
which also augments the evoked potentials of the cerebellar 
cortex’, has been shown not to block the prolonged hyper- 
polarizmg potentials of Purkinje cells which result from 
local stimulation of this cortex‘ An mvestigation has 
therefore been carried out to determme the effect of this 
alkaloid on the mbibitions of Betz cells m the pericruciate 
cortex and of Purkmye cells ın the vermis of the feline 
cerebellum 

All experiments were performed on artificially respired 
cats which were anesthetized with either ‘Dial’ or pento- 
barbital sodium, and paralysed with gallamine trieth- 
iodide Extracellular spike potentials of single neurones 
were recorded by means of the central barrel of five- 
barrelled muicropipettes’ and were photographed from an 
oscilloscope The cells were excited by the electrophoretic 
ejection of pL-homocysteic acid from one barrel of the 
multi-barrelled micropipette’, and the duration of mnhibition 
which resulted from an appropriate stimulus was measured 
as the period of suppression of this amino-acid-induced, 
or the spontaneous, firing The duration of this suppres- 
sion of firmg of both Purkinje and Betz cells was usually 
inversely related to the pre-stumulus rate of firmg, which 
was varied by suitable adjustment of the electrophoretic 
current used to eject pu-homocysteie acid 

Purkmyje cells were identified by the position beneath 
the surface of the vermis the response to stimulation near 
the ipsilateral fastigial nucleus and the depression of 
spontaneous or mduced firmg which followed electrical 
stimulation of the surface of the cerebellar cortex within 
1-2 mm of the recording site’ This depression has been 
shown to be associated with an mtracellularly recorded 
hyperpolarizing inhibitory postsynaptic potential Betz 
cells were identified by the depth beneath the cortical 
surface (pre- and post-cruciate) and by the responses 
evoked by single and 'tetanie stumulation of the exposed 
pyramids® The spontancous and ammo-acid-mduced. 
firmg of these cells was suppressed by repetitive stimula- 
tion of the pyramids (6 :mmpulses, frequency 100/sec) 
which produces a hyperpolarizing inhibitory postsynaptic 
potential of Betz cells® (‘recurrent’? mbibition), and by 
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stumulation of the cortical surface 3—4 mm. from the site of 
recording’ 

Fig 3 (upper) Jlustrates results from a Purkmjecell which 
was discharging spontaneously at a rate of approximately 
55 spikes/sec The control pomts (@) demonstrate that 
there was a considerable variation in the period of inhibi- 
tion produced by local cortical stimulation at an interval 
of 2 sec 3 mm after 033 mg/kg of strychnine hydro- 
chloride had been myjected mtravenously there was no 
change m tho spontaneous firmg rate and no significant 
alteration ın the poriod of surface-evoked mhibition (+) 
Strychnine increased the spontaneous firmg rate of other 
cells, possibly as a result of actions elsewhere in the 
nervous system’, but nevertheless an exammation of the 
period of inhibition, with respect to this new firmg rate, 
and to even higher rates produced by p1-homocysteic 
acid, failed to demonstrate any significant alteration in the 
relationship between. firng frequency and the duration of 
inhibition Similar experiments have shown that piero- 
toxin (0 9—1 1 mg/kg) and pentamethylene-tetrazol (80-90 
mg/kg) are also without action on the afore-mentioned 
type of cerebellar wnhibrtion 

Fig 3 (lower) plots a curve for the depression of firmg 
of a Botz cell by stimulation of the ipsilateral pyramid 
before (@) and 15 mm after (+) the mtravenous admini- 
stration of 06 mg/kg of strychnme hydrochloride This 
figure shows clearly that the relationship between firing 
frequency and the period of depression was unaltered by 
strychnine Sımılar results were observed with the depres- 
sion of firing produced by local cortical stimulation, both. 
this and ‘recurrent’ inhibition of Betz cells were unaffected 
by doses of strychnine as high as 1 0 mg/kg 
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Fig 3 Upper, duration of surface-evoked inhibition of a Purkinye cell 
plotted ın relation to the spontaneous Aring frequency (spikes/sec) 
before (©) and after (+) the intravenous admunistration of 0 33 mg/kg 
of strychnine hydrochloride Lower, duration of the ‘recurrent’ m- 
hibifion of a Betz cell, evoked by six stimul: (100/sec) applied to the 
ipsilateral pyramid, plotted m relation to the frequency of firing (spikes/ 
sec) elicited by the electrophoretic ejection of DL-homocysteic acid 
Before (@) and after (+) 06 mg/kg of strychnine was administered 
intravenously 
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These results confirm that the mhbibition of cerebellar 
Purkinje cells resulting from stimulation of the parallel 
fibres, and which 1s presumably mediated by the basket 
cells‘, 18 resistant to doses of strychnine which are more 
than adequate to suppress the postsynaptic mhibitions of 
spinal motoneurones In addition, the ‘recurrent’ mhibi- 
tion of Betz cells, and the mhibition of these cells produced 
by local cortical stimulation, are also apparently resistant 
tostrychume A recent roport® suggests that in unanesthot- 
ized, cats strychnine doos block the ‘recurrent’ inhibition 
of Betz cells, but the method by which this mhibition was 
tested, using the mvasion of a Betz cell by an antidromic 
volloy, was probably not rigorous enough to permit a 
distinction to be made between the blockage of mhibition 
by strychnine and an increase in the background excita- 
tory synaptic drive on the neurone 

Since ıb 1s possible that strychnine blocks spinal post- 
synaptic mbibition by preventing tho access of the 
responsible transmitter substance to the appropnate 
sub-synaptic receptor sites1, 11 may be proposed that this 
transmitter, presumably common to all strychnine-sensi- 
tive mhibitions, differs from the transmitters responsible 
for the strychnino-resistant postsynaptic mbhibitions of 
cerebral, cerebellar, olfactory’, thalamic‘ and hippocampal’ 
neurones Alternatively, ono substance could be a com- 
mon transmitter for all these various postsynaptic mhubi- 
tions, but, because of differences in nature of sub-synaptic 
receptors, this substance is blocked by strychnme at some 
synapses and not at others It may be pertment in this 
respect that m contrast to most forms of spmal post- 
synaptic inhibition, the hyperpolarizing mhubitory poten- 
tials of olfactory, thalamic, hippocampal, cerebral and 
cerebellar neurones are of prolonged duration. Further- 
more, tetanus toxin, which presumably blocks the release 
of spinal mhibitery transmitters', reduces the ‘recurrent’ 
inhibition of evoked cortical activity**, an observation 
which suggests that there are sumuarities between spinal 
and supra-spinal mhıbıtory transmitters Preliminary 
experiments m which electrophoretically administered 
strychnine excited Purkinje cells provide an explanation 
for the excitatory action of this substanco when applied 
to the cerebellar cortex"? A similar mode of action could 
account for the action of strychnine on neurones withm 
the cerebral cortex Alternatively there may be otha 
forms of mhibition operating on cerebral and cerebollar 
neurones, apart from those studied here, which are sensi- 
tive to strychnine 
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T THERE have been increasing reports, in recent years, 
ff of significant changes in the activity of certain 
esterases of the nervous system, and other important 
regulatory systems throughout the body, which result 
“from acute cranial and/or whole-body exposure to X-rays 
< and other ionizing radiations. 
Zeaman et al.! have presented histochemical evidence of 
: increased esterase activity in the brain tissue of mice 
2-10 days after cranial irradiation with a l-mm beam of 
= 20-MeV deuterons at doses > 16,000 rads. They 
< attributed this esterolytic activity to Type-C cathepsins 
„activated in, and/or released from, the lysosomes within 
-padiation-damaged cells. | Cholinesterases (especially 
- -eholinesterase IT), on the other hand, have been found to 
exhibit decreased activity in the tissues and blood serum 
of a variety of mammalian species following irradiation 
with X-rays’. The assay procedures utilized in these 
investigations, however, were not suitable for detecting 
changes which might have occurred in the individual 
enzyme forms which constitute a given esterase system. 
_ Such changes may be demonstrated by the application of 
_ high-resolution zone electrophoresis in combination with 
selectivo multi-substrate and inhibitor characterization 
of the esterase components of the resulting zymogram 
patterns. This analytical approach was utilized in the 
< experiments reported here, concerning changes in the 
esterases of the central nervous system and associated 
hemato-cireulation of the rat, following localized X-irra- 
diation of the brain. 
< Brain homogenates and blood sera were prepared from 

“mature 3 Long-Evans rats, exposed to 20,000 r. of collim- 
cated 184-kVp. X-rays (generated at 30 m.amp, filtered 
with 0-28.mm copper plus 0-50 mm aluminium, half-value 

> layer = 0-67 mm copper) delivered to a 30-mm? area of 
the right visual cortex 48 h prior to sampling. The dose 
vate was approximately 300 r./min in air as measured with 

< a calibrated Victoroen ri-meter, model 570. 

‘The animals (irradiated and normal controls) were killed 
‘by bleeding after relaxation under light ether. The blood 
thus obtained was allowed to clot at 20° C for 3 h, and the 

_ “serum pipetted into centrifuge tubes for clarification. 
“The brain of these animals was immediately perfused 
_ .¢lear of blood under syringe pressure with >..500 ml. of 
ooa 0-9 per. cent sodium chloride-2-4 per cont gum acacia 
_ golution at body temperature. It was then quickly 
T | from the eranial cavity and frozen solid with dry 






























UUA oylindricl coro, corresponding to the 30-nun? circular 
area exposed to the collimated X-ray beam (2-5 g), was 
removed from the right irradiated half and left control 
half of the brain, and individually minced in a glass— 
- “Teflon? pestle homogenizer using normal saline at al: | 
proportion with brain tissue. Alternate mincing and 
rapid freezing-thawing were performed six times before 
‘pipetting the homogenate into centrifuge tubes for clari- 
fication. 
“Brain homogenates and blood sera were centrifuged in 
Sorvall model RC-2 refrigerated ultracentrifuge at 
000g: at 2° C for 60 min, following the method of Barron 
alt, The clear supernatant fractions of the brain 
jomogenates were concentrated to about 40 per cent of 
heir- original volume at 3° C with ‘Sephadex. G-25’ 
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nacia) by the procedure of Flodin potted — 
red at 3° C prior to elects rophoresis. = 
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HANGES IN THE ESTERASES OF RAT BRAIN AND BLOOD SERUM 
FOLLOWING ACUTE CRANIAL EXPOSURE TO X-RAYS 


By Dr. E. B. MASUROVSKY and Dr. C. R. NOBACK © 
College of Physicians and Surgeons, Columbia University, New York — 







Electrophoretic separation of the samples : 
formed in polymerized acrylamide matrices consistin: of a 3 
125 per cent acrylamide lower gel and % = 
acrylamide spacer and sample gels, cast in soft | 
64 mm long by 5 mm inside diameter, according: to ne 
technique described by Ornstein and Davis*.. -Eight | 
replicate gel columns of both concentrated. brain homo- 
genate supernatant (100 ul.) and blood serum supor- 
natant (10 ul.) were separated concurrently at a constant 
current setting (Beckman Duostat model RD-2) oso 
m.amp per tube (~ 120-155 V) for 80 min at 15° © 
using 0-05 M tris-glycine buffer, pH 8-3. Immediately — 
following electrophoresis the gel-containing tubes were 
placed in ice water, and the gel plugs removed within — 
15 min for transfer to the appropriate substrate solution, 
selective inhibitor, or acetic acid/amido-Schwartz reagent. 

Esterase substrates included -naphthyl acetace, — 
a-naphthyl butyrate, and 5-bromoindoxy! acetate (Sigma) — 
in 0-2 M tris-maleate buffers, pH 6-0-7-5, prepared accord- - 
ing to the methods of Allen and Hunter’ and Barron et al.*. 
Fast blue RR (Sigma) was the diazo-coupling agent. 
utilized. Esterase (including cathepsin) inhibition. was 
performed with diisopropy] fluorophosphate (DFP) 10-* M, 
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Fig. 2. Esterase patterns of rat brain tissue and blocd serum from normal (2 af and X-irradiated (X) animals. 
-naphthyl butyrate (B) substrates in 0-2 M tris-maleate buffers, pH 6S. M 
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0:2 M tris-maleate buffers, pH 5-0-7-5, at 25° C for 2h 
prior to transfer to the appropriate esterase substrate 
solutions. Incubation in the substrate solutions ranged 
from 2 to 16 h at 25° C. Protein staining in amido- 
Schwartz reagent was carried out for 16 h at 25° C, and 
electrophoretically de-stained in 10 per cent acetic acid 
at 8 m.amp for 90 min. 

Figs. 1 and 2 show clear-cut differences in the protein 
and esterase patterns of the irradiated and control halves 
of the rat brains. The major differences in the protein 

: patterns (Fig. 1), anodic bands A 2-4 and 6-10, correspond 
. fairly closely to the different position and intensity of the 
---@sterases demonstrable with -naphthyl acetate (A) 
< whieh oecur in those regions. This is brought out more 
Clearly for the A 8-10 band region with «-naphthyl 
. butyrate (B) as the substrate. 5-Bromoindoxyl acetate, 
the substrate utilized by Zeaman et al.! in conjunction 

with DFP to demonstrate Type-C cathepsins, did not 

‘reveal any noticeable differences in activity between 
irradiated and normal brain tissue, as only band regions 

A 3-5 (and possibly 11) showed any . distinguishable 

reaction with this substrate. 

. DFP at 10-*M markedly inhibited bands A 1, 4 and 6-7, 
but only partially blocked the activity of the other esterase 
bands. Thus, the differences in esterase activity produced 
by irradiation appear to be not only attributable to the 

Type-C cathepsins proposed by Zeaman et al., but to 
other esterases as well. The proteolytic activity of these 
bands was tested with N- benzov]-p1L-arginine-8-naphthyl- 
amide (BANA) according to the method of Ravin®, as 
modified by Barron et al.4. The results indicated a similar 
distribution as that demonstrated by the naphthol and 
indoxyl ester substrates with DFP, thereby confirming 
the proteolytic nature of some of these DFP-resistant 
esterases. 

Blood serum protein and esterase patterns (Figs. 1 and 
2) differ markedly between normal and irradiated animals. 















The major differences appear m anodic bands A 2, 3, 4, 6 
and 7-11, with the albumin and pre-albumin regions 
(~ A 7-11) exhibiting striking alterations from irradiation. 
Note that the esterase activity of the pre-albumin region 
is faint-to-absent in the blood from the normal animal, 
and quite distinct in the X-irradiated rat serum. How- 
ever, the albumin region adjacent to it (bands A 7-9) 
shows just the converse esterase activity in these animals. 
This notable difference is brought out vividly by assay 
with both «-naphthyl acetate (A) and «-naphthyl butyrate a 
(8). It is interesting that the amido-Sehwartz protein 
stain appears to show a similar protein density in the — 


albumin region of both sera, yet the esterase components. o < 
of the irradiated serum were markedly inactivated. When o 
a-naphthyl acetate was used as the esterase substrate 


bands A 2-3 were clearly distinguishable in the normal 
serum, but were almost totally absent in the irradiated 
serum electrophoretic pattern. 5-Bromoindoxyl acetate 
did not react with these bands (A 2-3), but did with bands 
A 7-9. Thus, although esterase bands A 2-3 coincide in 


some measure with esterase bands A 3-4 of the brain a 
homogenates, they are most probably of a different con- = > 
stitution, at least so far as the nature of their esterolytice R 


activities is concerned. : 
DFP greatly reduced the activities of all the esterase 


components of normal and irradiated sora except A 8, a>. 


possible cholinesterase I. BANA revealed significant S 
proteolytic activity only in bands A 6-7. 
The changes brought about in the esterases of brain 


cells and blood serum by cranial X-irradiation wodd 
therefore seem, on the basis of the differences in electro- es 


phoretic migration and substrate-inhibitor reactivity 


to be largely indigenous to the respective systems. The 5 
most profound changes occurred in the blood, which AB so 


known to be more sensitive to the effects of X-rays 
the central nervous system’. Several of the estera: ae 
ponents of the blood serum zymogram patterns ‘were 
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decidedly inactivated by mradiation, while the brain 
tissue zymogram patterns exhibited an apparent merease 
and/or decrease in the activity of certam esterolytic 
protems These divergencies ın the zymogfam patterns 
-may not only represent additions and/or deletions of 
enzymatically active molecules from the various cellular 
elements comprising the brain tissue, but also certain ancil- 
lary changes in their structural configurations and charge 
distributions as well Work is bemg carried out to 
characterize further those esterases which are effected by 
A-rradiation, and determine their role in the progression 
of functional changes brought about by irradiation of the 
central nervous system and 1ts vital circulatory network 

We thank Dr Roberts Rugh, Department of Radio- 
logical Research, for advice and assistance in the X-1rradia- 
tion and other umportant phases of this work 
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CENTRAL NERVOUS SYSTEM 


By GLENDA M. LAYCOCK and A. SHULMAN 


Department of Physiology, University of Melbourne 4 


HE concept of a drug possessing dual action, both 
agonist and antagonist, has been derived from 
studies in a variety of en vitro systems Auch drugs have 
been called partial agonists, and hypotheses have been 
proposed to explain their action ın terms of ‘occupation’ 
theory! and ‘rate’ theory? of drug action Although 
drugs showing both agonist and antagonist action m the 
central nervous system have been reported previously*~8, 
no explanation has been offered for these observations 
We wish to report the existence of substances with the 
properties of partial agonists among @ series of 8-substi- 
tuted glutarimides and related drugs, the actions of which 
in mice range from convulsive and analeptic (agonist) 
to anticonvulsive and hypnotic (antagonist)! The 
following suggestions are based on quantitative titrations 
over a wide dose range with a series of structurally related 
and structurally unrelated hypnotics and analeptics im 
mice and on structure-action studies with @-substituted 
glutarrmides and related drugs which will be reported 
fully elsewhere ~It ıs proposed that hypnotics and analep- 
tics produce their opposed actions at common sites ın the 
central nervous system!?-1 and that, in terms of ‘rate’ 
theory, convulsant and analeptic drugs are agonists with 
high k; (dissociation rate constant of drug-receptor com- 
plex), hypnotic and anticonvulsive drugs which antagonize 
convulsions induced by pentylenetetrazol are competitive 
antagonists with low k, and partial agonists have inter- 
mediate values of k, which may be closer to those of 
agonists or to those of competitive antagonists, ‘occupa- 
tion’ theory can also be apphed to explain the action of 
such drugs?’ It 1s considered that convulsive and analep- 


Table 1 


tic drugs and hkewise hypnotic and the foregoing anti- 
convulsive drugs differ primarily in their affinity for the 
common receptor surfaces 

The glutarimide and related partial agonists (‘Tables 1 
and 2} may for convenience be divided into two classes 
depending on whether their actions resemble more closely 
those of agonists or antagonists ‘The first class of partial 
agonists, the k, values of which appear to he closer to those 
of agonists, have lethal convulsive action and are analeptic 
to pentobarbitone, in higher doses they antagonize the 
maximum tonic extensor component of pentylenetetrazol 
or bemegride convulsion, provided that the mice are pro- 
tected from the imitial lethal convulsive action of the 
partial agomst Although they have no definite hypnotic 
action when given alone, in still higher doses they signi- 
ficantly merease the number and generally the sleeping 
time of mice given the HD,, dosage of pentobarbitone 
Mice which lose righting reflex may show associated signs 
of strmulation and on awakening a state of hyperexcit- 
ability and limb spasticity which may be followed later by 
mild convulsions These partial agonists are also analeptic 
to trrmethadione and in higher doses syneigize with its 
hypnotic action except in cases where death by respiratory 
depression intervenes 

The second class of partial agonists, with values of k, 
presumably closer to those characteristic of antagonists, 
produce convulsions which, if not lethal, decrease in 
intensity to be followed by sedation and sometimes loss 
of righting reflex which ıs generally associated with stimu- 
lant action While the majority of such partial agonists 
are analeptic to trimethadione but not to pentobarbitone, 


CENTRAL NERYOUS System ACTION IN MICE oF SUBSTITUTED GLUTARIAQDES 


General formula 





ac ae e 
P C ne 
Rs pee 
Drug type Agonist Partial agonist Antagonist 
i Convulsive, analeptic *, 
Drug action Convulsrve, analeptic* Anticonvulsive t, hypnotic Anticonvulsive t, hypnotic 
Substituent groups Ry a 3 Ry Rs 3 Ry Rs R 
CH, CH; H . 
CH; C,H; C,H; 
CH; C,H; H CH, CH, C-H; 
C,H; Calis H CHa n CH, H 
CH, 4 CGH, H CH, n C,H, H 
CH, a CHo H 
CH; n CyHy CH: CH, n CH H 
CHa n C,H, C,H, 5 
CH; n CH; H 
CH, n CHis H 


+ Analeptie action tested agaist pentobarbitone sodium and trımethadione 


+ Anticonvulsive action tested against pentylenetetrazol and bemegride 
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Table 2 PHARMACOLOGICAL ACTION OF BEMEGRIDE DERIVATIVES 
tod 
gen 
CHCH; § CH,——C 
| 
FA 
Partial 
Substituent groups Agonist agonist Antagonist 
Convulsant, 
analeptic*, Anti- 
Bs Rı & Y Z Convulsant, anti- convulsant t, 
analeptic* convulsantt, hypnotic 
hypnotic 
H H NO O + 
CH, H N O O0 + 
C,H, HE RO O + 
C,H, H NO OQO + 
Cts E NO O + 
OH: CHCH, H N O Q ap 
H CH N O O + 
H H N 5 8 + 
H H N H: Hy + 
H H N O &H,t + 
H H 0 oO a + 


* Analeptic achion tested against pentobarbitone sodium and trimetha- 
10ne 


Anticonvulsive action tested against pentylenstetrazol and bemegride 
New compound synthesized by Handley, G F, and Somers, T C 
{personal communication). 


they are generally more powerful antagonists to the lethal 
convulsive action of pentylenetetrazol or bemegride and 
synergists of hypnosis mduced by pentobarbitone or 
trimethadione 7 

It may be seen (Tables ] and 2) that the followmg series 
of very small changes in the components of the agonist 
bemegride (8-methyl-6-ethylglutarumide) gives rise to a 
number of partial agonists of distinct chemical types 

(1) The mtroduction of a methylene group imto the 
B-alkyl side-cham, for example, §-methyl-§-n-propyl- 
glutarimide and 8,6-diethylglutarimide, (2) the mtroduc- 
tion of a methyl group on to the a-carbon atom («,8- 
dimethyl-8-ethylglutarumide), (3) the replacement of both 
oxygen atoms of the carbonyl groups by sulphur atoms 
_ (8-methyl-6-ethyldithioglutarmmide), (4) the replacement 
of one or both carbonyl oxygen atoms by hydrogen 
atoms (4,4-methylethylpiperidone-2 and 4,4-methylethyl- 
piperidine hydrochloride), (5) the replacement of the 
—CO—NH— grouping by the —CH,—O-— groupmg 
(8-methyl-B-ethylvalerolactone), (6) the mtroduction of 
an ethyl, allyl, phenyl or phenethyl group on to the 
glutarmnide ring nitrogen atom 

These structural alterations presumably all increase the 
strength of the bond formed between the drug and 
receptor surface, since k, of a partial agonist is lower than 
that of an agonist, whereas certam small structural 
modifications of the hypnotic §-methyl-B-n-butylglutar- 
imide appear to decrease the strength of the drug-receptor 
bond to produce partial agonists, for example, N-ethyl- 
B-methyl-8-n-butylglutarimide or the N-allyl analogue 
(7) and 8-methyl-B-csobutylglutarrmide (8) (Table 1) 
Types (1), (2), (3), (5) and (8) are partial agonists of the 
first class described, while (4), (6) and (7) belong to the 
second class, full experrmental details and the possible 
mechanisms involved will be described elsewhere!®36 It 
is of considerable mterest that sodium diphenylhydan- 
tom (“Diulantin’), which 1s highly effective ın antagonizing 
convulsion induced by electroshock but not by pentylene- 
tetrazol!’, shows many of the characteristics of a partial 
agonist of the second class 

The foregoing observations permit the following con- 
clusions 

(a) The existence of drugs which are structurally 
closely related to both agonists and antagonists and which 
show both agonist and antagonist action supports the 
postulate that convulsion and hypnosis are muitiated by 
these drugs at common receptor surfaces The progressive 
change withm the homologous series of B,8-dialkylglutar- 
imides (Table 1) from agonist (6-methyl-§-ethylglutar- 
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umide) to paitial agonist (8-methy1-8-n-propylglutarimide) 
to antagonist (8-methyl-6-n-butylglutarimide) 1s analogous 
to that found among a variety of closely related homo- 
logues in en vitro systems!-3-18,18 

In this context ıt 1s of marked importance that N- 
ethylation or N-allylation of the agonist bemegride and 
the closely related antagonist 6-methy!-6-n-butylglutar- 
imide gives rise, ın both cases, to drugs with partial 
agonist action (Table 1) If hypnotic and convulsive 
action were taking place at separate sites, ıt would be 
very difficult to explain how the introduction of the same 
N-alkyl substituent could convert a convulsive drug to 
one which 1s able to act at both sites and likewise a 
hypnotic drug into one which can act at the convulsant 
as well as the hypnotic site However, if hypnotic and 
convulsive action both occur at the same site 1t might be 
expected that the N-ethyl or N-allyl substituent would 
decrease the exactness of fit to the receptor surface of a 
hypnotic drug, which most likely fits closely smce k, 
is low, while increasing the capacity for binding of the 
smaller convulsant drug, thus enabling ıt to form a stronger 
bond with the receptor surface Thus the N-ethyl or 
N-allyl substituent by mereasing k, of the hypnotic and 
decreasing k, of the convulsant could convert both to 
partial agonists 

(6) Since the structural modifications which produce 
alteration ın pharmacological action from agonist or 
antagonist to partial agonist are small, the associated 
changes ın the value of k, would also be small; this might 
be anticipated from observations in rats and micé with 
analgesics and their antagonists?° and has been demon- 
strated? for a homologous series of alkyltrimethyl- 
ammonium cations on isolated guimea-pig ileum 

(c) Smee a small structural alteration at each position 
of the bemegride molecule leads to a change ın pharma- 
cological action from agonist to partial agonist, 1t would 
seem that the bemegride molecule as a whole, and pre- 
sumably those of its closely related homologues and 
derivatives, must contribute to the strength of the drug- 
receptor bond and that the degree of steric and polar 
complementariness of the drug and receptor surface are 
most important in determining the resultant pharma- 
cological response It may be predicted that, as in the 
case of B-substituents, a progressive change in action from 
agonist to partial agonist to antagonist will occur as sub- 
stitution or modification of the «-carbon or nitrogen atoms 
or modification of the carbonyl groups of bemegride pro- 
gressively increases the strength of the drug-receptor bond 

(d) B-Substıtuted glutarimides are poorly ionized at 
physiological pH (refs 21 and 22) and presumably the 
type of bonds by which the drugs are bound to the 
receptor surface are van der Waals’s forces, dipoles and 
hydrogen bonds Their pharmacological action and inter- 
action with structurally related and structurally unrelated 
agonists and antagonists must therefore be a physical 
rather than a chemical process, a suggestion consistent 
with that proposed in many theories on the mode of action 
of central nervous system stimulant and depressant 
drugs*3 The variety of chemical types found among 
the partial agonists related to bemegride supports such a 
concept and suggests that the receptor surface lacks precise 
specificity in its requirement of drug structures to which 
it will respond, specificity 1s strict, however, with respect 
to the type of pharmacological response produced ‘The - 
increase in basicity associated with the conversion of the 
agonist bemegride to the partial agonists, 4,4-mothyl- 
ethylpiperidone-2 and 4,4-methylethylpipendine hydro- 
chloride suggests that the receptor surface has some 
cationic character 

A hypothesis suggesting that B-substituted glutarimides 
are but one of a series of central nervous system stimulant 
and depressant drugs*-*.2° which act and interact'at com- 
mon receptors in the central nervous system of mice, and 
PRT of other anımal species, will be reported else- 
where 
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We thank the Directors of Nicholas Pty Ltd , Victoria, 
Austraha, for supplymg the drugs used in this mvestiga- 
tion and for giving us access to the results of screening 
tests carried out m the Nicholas Institute for Medical 
and Veterinary Research, Victoria, during 1955-60 This 
work was supported by the National Health and 
Medical Research Council of Australa 
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RESISTANCE TO FINGER COOLING RELATED TO PHYSICAL FITNESS 


By Dr CHARLES J EAGAN 
Arctic Aeromedical Laboratory, Fort Wainwright, US Air Force, Alaska 


"m 


REVIOUS investigations!? in this laboratory showed 
that subjects mamtained higher peripheral tempera- 
tures during standardized cold exposure after a 3-week 
regimen of physical trammg The authors concluded 
that higher levels of physical fitness were “alone respon- 
sible for the physiological differences manifested between 
the control and experimental periods’! These conclusions 
have been widely quoted although 1t has been inferred by 
Hammel? and others that a “metabolic acchmatization’’s 
was the salent feature, higher extremity temperature 
might be an incidental consequence of a higher metabolic 
rate after the traming regrmen This explanation was 
compatible with the results of the first investigation? but 
not the second? In subsequent work at this laboratory 
it was casually noted that there seemed to be httle or no 
correlation. between level of physical fitness and resistance 
to cooling of the fingers The two experiments to be 
described substantiate this 

(1) The mvestigation of which this experiment 1s part 
was made during May-July 1962 Some of the results 
ale reported elsewhere‘ 

Two groups of subjects were compared Physical 
results a10 given in Table 1 ‘The five mountaimeers had 
all attained high levels of physical fitness in the course of 
training for and making an ascent of Mount McKinley, 
Alaska They returned directly from the expedition to 
the Arctic Aeromedical Laboratory, where they lived for 


Table 1 Frr 


COMPARISON OF THERMAL RESPONSES OF PHYSICALLY 
MOUNTAINEERS AND SEDENTARY CONTROLS 


Significance 
of 


Mountaineer Control 
Group and No of subjects 5 19 a ai 
Age (yr) Mean 27 6 29 6 
nge 24-32 19-42 
Height.fem) Mean 180 1 178 4 
Range 170-192 168-190 
Weight (kg) Mean 732 764 
nge 64-81 61-97 
Physical fitness (units) Mean 814426*% 327424 < 0001 
Range 76-88 9-81 
BMR (kcal/m*/h) Mean 865 37 5 NS 
Range (33 3-89 8) (34 1-39 5) 
Responses to severe cooling m water 
and air 
Finger temperature (°C) m ice water 
At individual nadir 096+050 0954024 Ns 
Average over 10 min $36+076 3864033 NS 
Tolerance factor (units)t 253 +50 234 + 60 NS 


(air at. ~ 22° C, 850 keal/m?/h ‘windchill’) 


* Standard error 
t Basal metabohe rate was measured on only five of the control subjects 
t Tolerance factor (units) = duration of cooling (mim) x average finger 


temperature (°C) durmg the exposure 


three days The controls were 19 U § Aur Force personnel 
of the laboratory staff, all were of mamly sedentary 
habitus 

The same treadmill test’ for physical fitness was used as 
in. the first investigations mentioned!*. The mountameers 
were each tested twice, but most of the controls only once 
The thermal and metabohe tests were done with the 
subjects in the basal state, having slept overnight at the 
laboratory Finger temperatures were measured using 
stranded No 30 copper-constantan thermocouples and 
a recording potentiometer The thermocouples were 
attached at standard sites on the distal digital volar pads 
Conditions of severe cooling were imposed on the fingers, 
first on the index fingers immersed 2 8 cm ın stirred 0 0° C 
water for 10 min while the subject was pronein bed. Then 
he arose, dressed ın his usual clothes plus a heavy parka, 
moved to an adjoming room and exposed the index and 
muddle fingers of the left hand m a 1efrigerated box at a 
temperature of —22° C, ‘windchill’ was approximately 
850 keal/m?/h This test was for 30 min, but was stopped 
if either finger supercooled below —5° C or superficial 
freezing was observed 

A ‘tolerance factor’ equal to the duration of exposure 
in minutes multiphed by the average finger temperature 
dumg exposure was computed fo: each subject. 

Table 1 shows the results. The responses to severe 
cooling of the fingers were essentially the same in the 
highly fit mountaineers and the sedentary controls 

(2) The mvestigation of which this experiment 1s part 
was made during April-May 1963 The mam part of the 
work was a comparison of thermal responses to cooling 
of the extremities in the following groups 6 Alaskan 
Eskimos, 6 Alaskan Indians and 6 Navajo Indians, 
all of whom had attended the Chemawa Indian School in 
Oregon for the nine months before the investigation, 6 
University of Oregon students who were ‘controls’ All 
groups were matched for age and body-size The results 
reported here are of comparisons between equal numbers 
of the subjects separated on the basis of level of physical 
fitness The ‘highly fit’ group consisted of the 3 Eskimos, 
3 Alaskan Indians, 3 Navajos and 3 controls who had the 
highest physical fitness scores’ The ‘less-fit’ group 
consisted of the other 12 subjects The treadmill test® was 
made twice on each subject Fat percentages were estim- 
ated from skinfold measurements® 

Resistance to cooling of the extremities was assessed 
using mild and severe cooling of the fingers (in 0° C air 
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Table 2 PHYSIOAL DATA AND THERMAL RESPONSES ON SUBJECTS OF 
. DIFFERENT LEVELS OF PHYSICAL FITNESS 
Significance 
Highly fit Less fit of 
Group* and No, of subjects 12 12 sa ae 
Age (yr) Mean 197 198 
e 18-22 17-23 
Height (em) Mean 168 3 1718 
Range 159-178 166-184 
Weight (kg) Mean 63 9 65 4 
Range 54 2-72 2 58 0-74 2 
Body fat (per cent) Mean 180 127 NS 
ange 9 8-16 3 6 6-15 8 
Physical fitness (units) Mean 858+20t 672439 < 0001 
Range 76-99 34-82 
BMR (keal/m*/h) Mean 347+18 330422 NS 
Range 24 7-44 4 26 3-43 7 
Finger cooling in 0° air for 80 min 
Finger temperature (°C) 
At group nadir (seventh mm) 116+17 1104+19 NS 
30 mun 170+18 152420 NS 
Avera,e over 30 min 161414 1494+411 NS 
Finger cooling 1n 0° water for 10 min 
Finger temperature (°C) 
At mdividual nadir 0634023 124+072 NS 
~ At tenth min 650+085 7164118 NS 
Average over 10 min 8414047 8922+073 NS 
Hand heer nadeed (4 5° C water for 
mun 
Finger excess temperature (°C){ Š 


1784017 
Average over 20 min 8694102 8434+028 NS 
Heat loss (cal/100 ce of hand/min) 2381+113 2388+126 NS 


* There were three Eskimos, three Arctic Indians, three Navajos and 
three white controls m each group ° 

t Standard error 

t Finger excess temperature = finger temperature minus calorimeter 
temperature 


At mndividual nadir 


and: 0° C water, respectively) and moderate cooling of the 
whole hand involving rise-in-temperature calornmetry 
(starting at 4 5° C) Duration of cooling for each test 1s 
listed in Table 2 Finger temperatures were measured 
as already described Test conditions were similar to 
those for the first experiment Subjects slept overnight 
at the laboratory Finger cooling (both in air and in 
water) was carried out with the subject supine and in the 
basal state. Hand calorimetry was performed ım the 
afternoon after lunch Cooling was not begun in any of 
the tests until finger temperatures wore at least 35° C 

Table 2 shows the results There is a marked similarity 
in the means for all factors except for physical fitness 
Most of the criteria for resistance to cooling had been 
‘shown, to be efficient measures from comparisons of the 
Alaskan versus Navajo and control groups where highly 
significant differences were found (unpublished results) 
But level of physical fitness seems unrelated to the thermal 
responses to cooling of the extremities 
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' The results of these two experiments seem conclusive 
When the resistance to cooling of the extremities 1s investi- 
gated under standardized conditions, there are no differ- 
ences that can be attributed to level of physical fitness 
How, then, may these results be related to the opposite 
conclusion from previous work!? where differences were 
found m the responses of subjects after training ? It may 
be relevant that habituation to a test procedure can 
improve resistance to cooling of the fingers* Perhaps 
more salient 1s the work of Osiba’, who showed that a high 
protein intake combined with high physical activity 
resulted in a sustained increase in basal metabolic rate. 
Subjects on a regimen of strenuous physical traiming?/? 
who were allowed food ad libitum could be expected to 
eat more protein Thus, Osiba’s conditions for a sustained 
elevation in basal metabolic rate would be satisfied In 
fact, Adams and Heberling’? did find a higher resting 
metabolism for their subjects after training m the first 
investigation! but not in the second? 

It 1s concluded that the results of Adams and Heberling 
are probably being wrongly interpreted when improved 
resistance to extremity cooling 1s ascribed to umproved 
physical fitness There is probably no causal relationship 
The validity of the important finding of these workers 
that many of the indices for cold acclimatization can be 
explained on the basis of ncreased physical activity is not 
being questioned But the importance of change ın level 
of physical fitness per se 18 indeed questionable 

I thank the test subjects for their co-operation and 
especially for their forbearance during tests which caused 
severe cold pain I also thank the Bureau of Indian 
Affairs, the Superintendent and staff of Chemawa Indian 
School. Oregon, and the staff of the Department of Health, 
Recreation and Physical Education of the University of 
Oregon, especially Prof P O Sigerseth, for co-operation; 
Staff Sergeant Paul Felts, U S Air Force, for assistance; 
Dr Eugene Evonuk and Dr F A Milan for ther mterest 
and assistance 
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CHANGES IN THE RATE OF METABOLISM FOLLOWING 
ADMINISTRATION OF ETHANOL IN THE MOUSE 


By Pror F W. KINARD 


Department of Physiology, Medical College of South Carolina, Charleston 


HE mouse, with rts ease in handling, convemence m 
housing, and relatively low cost, has been mereasmgly 


used by us m investigations of ethanol metabolism Of 


some concern 1s the finding of Marshall and Owens! that 
although the rate of oxidation 18 relatively constant 1 h 
after administration of ethanol, the rate may be twice as 
fast during the mitial 60 mm On the contrary, Nelson et 
al * found no statistically significant difference between the 
rates determined at the end of either lor 3h Marshall’s 
hypothesis was confirmed ın general by Forney et al 3, 
but the early accelerated rate was found to occur during 
the first 30 min following mjection of the alcohol This 
problem im metabolism, viewed somewhat differently by 
three groups, is of sufficient practical and theoretical 
importance to deserve further mvestigation If the mouse 


f 


does not metabolize ethanol at a constant rate, the 
maximal rate of metabolism, cannot be obtamed by rate 
determinations during randomly selected intervals, for 
example, between the second and third hours after 
administration 

The recent development of rmproved methods of homo- 
genizing and the availability of accurate hypodermic 
syringes led us to attempt to develop a standard technique 
of determining the rate of ethanol metabolism m muce 
The various steps ın the technique were examimed critic- 
ally The intervals of study were selected to melude 
ped umportant 3- and 1-h periods plus a longer period of 

Mice, Carworth Farms white females, weighing 19-25 g, 
were given free access to Purma checkers and water until 
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the begining of the experrment The expermental 
animal was weighed, myjected intraporitoneally with 
ethanol, 4 g/kg/body-weight, usmg a stock 20 per cent 
w/v solution of ethanol in physiological saline A Hamulton 
syringe, calibrated in 001 ml, was used routmely At 
the end of the expe:mental period, erther 05, 1 or 4 h, 
the mouse was killed by breaking its neck The entire 
carcass was divided four or five times with scissors and 
homogenized for 5 min m sufficient water to giveal 5 
homogenate The homogenation was carried out m & 
semi-micro blending assembly, surrounded by ice water, 
and adapted to the motor drive of the gallon-size Waring 
blender Followmg homogenation, an aliquot of the 
homogenate, approximately 5 ml, was pipetted into a 
tared stoppered distilling flask The flask was 1e-weighed 
to determme the weight of homogenate added and to 
permit calculation of the weight of tissue utihzed The 
reagents, that ıs, sodium sulphate. sodium tungstate and 
sulphuric acid, were added and the ethanol content 
deto1mined by the distillation method of Aull et al 4 

The adequacy of the methods used was determmed by 
the followmg expermoents 

(1) Chemacal method Repeated analyses of the stock 
solution of ethanol were made, using calibrated pipettes 
and burettes imstead of the Hamilton syrmge This 
experiment was expected to show the degico of repro- 
ducibilhty m the chemical method 

(2) Homogenation, water Ethanol, 05 ml of stock 
solution, was imtroduced by syringe mto water, 250 g 
and homogenized for 5 min The resulting solution was 
treated as though it were tissue of an experimental 
animal and the ethanol concentration determmed ‘This 
experiment was mtendod to reveal losses durmg homo- 
genation and variations occurrmg when measurements 
were made with the syringe 

(3) Zero hour mouse An animal was killed, weighed, 
mjected intraperitoneally by syringe with stock solution 
of ethanol, 0 5 ml /25 g body-waght The procedure from 
this point onwards was identical with that described for 
the experimental animals This experrment had a two- 
fold purpose, namely (a) to indicate whether pooling of 
the dose of ethanol in the peritoneal cavity, which occurs 
in the dead mouse without circulation, would result m 
complete dispersion of ethanol durmg homogenation, and 
whethor the tissues would be sufficiently comminuted to 
permit representative sampling, (b) to give the exact 
concentration of ethanol m the mouse, as determined by 
analysis followmg the various procedures necessarv to 
prepare the tissue for analysis The mean value of these 
determinations should imdicate the concontration of 
ethanol considered to be present in an experimental 
animal, ummediately followmg imyection, and before 
motabohe activity had begun 

The results of these investigations are summarized m 
Table 1 In the method described, as noted m homo- 
genation. water and stock solution, respectively, the com- 
bmed basic mechanical operations and the chemical 
method mtroduce the smallest errors The larger error, 
ın the zero hour series, stems from the difficulty m com- 
pletely homogenizing the various components of the 
carcass, thereby preventing representative sampling The 
duration of homogenation can be prolonged to secure 
better communution, but this 1s accompanied by mereased, 
heating of the homogenizer and mereased opportunity 
for evaporation It 1s now suspected that the -mm 
penod solected ıs not optimum The results, in the 
remaming three groups where expermmental animals are 
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Table 1 ETHANOL IN TISSUS OR SOLUTION 
(mg ethanol/100 g tissue, or solution) 


No of expt Mean, S D Range 
Stock solution 12 3996- 16 396-401 
Homog , water 12 8998+ 29 892-402 
Zero h mice 12 898 1-115 378—409 
-h mice 12 375 2= 87 i 381-388 
1-h mice 11 3425+ 73 832—3583 
4-h mice 11 159 44274 118-194 


NATURE 


853 


used, appear to be within the range expected m this type 
of experiment 

When the results in Table 1 are used to calculate the 
rates of ethano] metabolism found in Table 2, the standard 
deviations of the moan, as well as the range, mciease 
noticeably Obviously, any variation is compounded 
sinco the rate of metabolism 1s calculated by the following 
steps (4 h) 3981 — 3752 = 229 x 2 x 10 = 458, (1h) 
398 1 — 3425 = 556 x 10 = 556, (4 h) 398 1 — 1594 = 
238 7 x 10 
tag r e 594 These results are not identical with 
those m Table 2 since the tabulated results repiesent the 
mean of the mdividual experiments The mathematical 
processes, therefore, play a pait m producing the wide 
range in the iesults, particularly in the 4-h series 


Table 2 RATE OF ETHANOL METABOLISM 


(mg ethanol/hkgjh) 
No of mice Mean, SD Range 
i-h 12 455 0 +173 3 240-740 
lh 11 6555+ 731 450-660 
4h ii 5955+ 683 510-700 


The decision to utilize the mean concentration of 
ethanol dete1mmed ın the zero hour groups as the actual 
concentration of ethanol present m each mdividual 
experimental mouse at the start of the experiment was 
made in order to obviate the various errors introduced by 
the mechanical and chemical operations Instead of this 
apploach, one can consider the concentration of the stock 
solution, as determined by analysis, to 1epresent the 
actual concentration of ethanol admunistered Using the 
latter method, the mean values for the rate of ethanol 
metabolsm, expressed as mg ethanol/kg/h, as mdicated 
as follows, are approximately 7 per cent higher than those 
determined through utilization of the zero hour senes: 
}-h series 488, l-h series 571, 4-h series 600 

The mean calculated rate of oxidation, by Marshall and 
Owens!, was 536 mg/kg/h This 1s nm approximate agree- 
ment with my presently reported rate of 555 and well 
below the previously reported? rate of 625 m the l-h 
group The rates given by Marshall and Owens for the 
direct determinations, 1.322 for 4 h, 1,123 for 1 h and 
691 for 3 h, differ markedly, m the first two imstances, 
from my present results of 455 for 4 h and 555 5 for 1 h, 
and less drastically, m the last mstance, from the 595 5 
I found ın the 4-h group If the mice examined by 
Marshall and Owens oxidized ethanol during the first $ h 
at the rate of 1,322 mg/kg/h, this would mean that only 
462 mg/kg were oxidized durmg the second $ h (1,123 — 
661 = 462) Durimg the 3-h period, oxidization of 2,073 
mg/kg (3 x 691), with 661 mg/kg bemg oxidized during 
the mitial 4 h, mdicates that 282 mg/kg of ethanol were 
oxidized durmg each 4 h following the muitial 4 h (2,073 — 
661 = zie = 282) 
found a dechning rate of oxidation, for example, 661 
during the initial } h, 462 during the second, and a mean 
rate of 282 per 4h over the remaiming four periods of $h. 
By similar calculations, the rates of oxidation m our 
investigations were found to be 227 mg/kg during the 
initial 4 h, 328 during the second 4 h, and a mean rate of, 
308 per 4 h over the remaimmg six periods of $ h each 

In view of the fact that the lowest rate m our investi- 
gations was obtained in the 4-h expermments and the 
highest in the 4-h series, an explanation has been sought 
A possible explanation 1s that durmg the early phase of 
each expermment, insufficient alcohol had been absorbed 
to bimg the oxidative reaction to its maximum rate, 
hence an overall slower rate was exhibited in the shorter 
experimental periods In the longer experiments, although 
we did not mvestigate this specific phenomenon, one would 
expect more alcohol to be lost by excretory routes, mainly 
through lungs and kidneys, with the result that such 
losses would sum with the loss due to oxidation to give 


Therefore, Marshall and Owens 
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an erroneously high rate of metabolism The loss of 
ethanol by excretion 1s probably not great in these 
experiments of relatively short duration, for of the total 
amount of alcohol administered, according to Lester and 
Greenberg®, 1-5 per cent may appear ın the expired air 
Contrariwise, Lundquist et al ë consider that the loss of 
ethanol through the lungs 1s very considerable in the rat 
The best explanation appears to be that the shorter 
duration experments indicate a rato which is not repre- 
sentative of the mean rate m a 3- or 4-h expermrment In 
the longer expermments, this period of sub-optimal rate of 
oxidation. occupies a proportionately smaller portion of 
the total time, thus leading to higher rates m the longer 
experiments 

Statistical analysis of our results wndicates that there 1s 
no significant difference between the rates during $, 1 or 
4h ,The disturbingly large standard deviations, especially 
ın the 4-h serios, indicate such wide ranges of individual 
values that this conclusion must be expected If one 
wishes to determine the rate of ethanol metabolism during 
the peak rate, the duration of the expermment must be 
sufficiently long to mmimize the mterval required for 
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absorption As the period of vestigation 1s prolonged, 
the quantity of ethanol lost by excretory routes will be 
increased Obviously, other factors can be controlled, 
such as magnitude of the dose administered and conse- 
quently the level of concentration m the blood In these 
oxperiments, the dose of 4 g/kg was chosen ın order 
to work at the same concentration levels which had 
been used earher It appears that the duration of such 
experiments can be hmuited to 3 or 4h, but shorter periods 
of investigation yield rates which have not yet reached 
maximum values 

This work was supported m part by US National Inst1- 
tutes of Health grant, B-2465 
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AGGREGATION OF CULTURED MAMMALIAN CELLS 
By Pror MERWIN MOSKOWITZ 


Department of Biological Sciences, Purdue University, Lafayette, Indiana 


HE histotypic aggregation of dissociated embryonic 
cells has been extensively studied ın recent years! 
This aggregation ıs observed with cells from young em- 
bryos, and the ability of the cells to aggregate declines 
and eventually disappears as the age of the embryo 
mereases or if the cells are cultuied®. I have observed 
that under appropriate cultural conditions cells of estab- 
lished strains form aggregates that resemble those obtained 
with dissociated embryonic cells Following this observa- 
tion, an investigation of the factors affecting the aggrega- 
tions of cells of established strams was undertaken and 
the mutial findings are presented here The investigations 
carried out so far mdicate that these factors are not 
susceptible to sımple definition Different strains of cells 
vary markedly in their ability to aggregate, and different 
cultural conditions seem to be required for the aggregation 
of strains that have been observed to aggregate 
The term ‘aggregate’ is used here to denote a group of 
cells tightly packed together into an oblong or spherical 
structure usually having a continuous layer of peripheral 
cells forming a relatively smooth surface (Figs 1 and 2) 
A group of cells loosely held together with a rough edge, 
appearing as if individual cells randomly attached to each 
othur, ıs termed & ‘clump’ (Fig 3) These two types of 
groupings of cells were observed and they are distin- 
gushed masmuch as there appear to be quahtative 
differences ın ther behaviour All the cells of a clump 
appear to attach and spread out when ıt 1s allowed to 
settle to a glass surface, and the cells of a clump are 
readily dissociated by trypsm An aggiegate of cells 
acts like a tissue fragment under these conditions, ıb 
retains its structure on a glass surface and cells grow out 
from ıt as with a tissue explant, and ıt takes a relatively 
long while for trypsm to dissociate the cells ın the aggre- 
ate 
The fibroblastic cells used were clone cultures derived 
from the Mọx? and L strains, and strans WISH, Girardi’s 
Heart, Hep 2, and Salk Monkey Heart comprised the 
epithelial cells The cells were grown m nme volumes of 
Eagle’s medium‘, modified by adding four times the vita- 
min. concentration and three times the amino-acid con- 
centration, plus one volume of horse (unless otherwise 


specified) serum or the dialysate of a tissue extract The 
latter protem-free medium is similar to one previously 
described’, except that dialysates of saline extracts of 
poreme pancreas tissue were utilized instead of serum 
dialysates. 

The cell inoculum was prepared by scraping off the 
surface growth from the culture vessel with a rubber 
policeman and dispersing the cells with a capulary 
pipette Only single cells were present ın suspensions of 
fibroblastic cells, and single cells plus occasional clumps 
of two or three cells were present ın suspensions of the 
epithelial strains Cells were agitated in tubes contaiming 
1 ml of medium on a roller drum apparatus at 60 rpm 
o in 25-ml Erlenmeyer flasks contammg 3 ml of 
medium on a rotary shaker at 70 rpm The cultures 
were incubated at 37° for 7 days without a change of 
medium 

All the strains of cells used grew as monolayers m 
stationary cultures m serum supplemented medium, 
in the protem-free medium the Moz and L strains appear 
the same as in serum, the WISH and Hep 2 strains have 
a tendency to grow in patches, and the Gurardi’s Heart 
and Monkey Heart straims did not become attached to the 
glass but formed aggregates 

Initial investigations by rotatmg cells on the roller- 
drum apparatus were carried out with the Moxstram In 
serum-supplemented medium the cells remained discrete 
and some clumps formed, ın protem-free medium aggre- 
gates formed on the third day which mecreased m size 
during the remamuing four days of mcubation A number 
of clone cultures of the Moz and L strains were then 
tested on the roller drum in serum-supplemented and 
protein-free medium One culture aggregated only m 
protein-free medium, one culture aggregated only m 
serum-contaming medium, two cultures aggregated im 
both media, and two cultures did not aggregate The 
WISH and Gnuirardi’s Heart of the epithelial strains 
ageregated on the roller drum to a shght extent and only 
In serum-supplemented medium 

Further experiments were carried out on the rotary 
shaker The behaviour of the fibroblastic strams was 
similar to that observed on the roller drum, and, although 


No. a900 November 30, 1963 


_ all the epithelial strains aggregated, there was a variation 
L aggregative behaviour with different media. 

the effect of variation in media on aggregation was 
tested by determining the aggregation of the epithelial 
cells in media supplemented with different sera and in 























protein-free medium. The results of such an experiment 
are given in Table 1. In addition to the variation in 
aggregation in a given medium, even the immediate past 
_ history of the strains appears to be a factor in their aggre- 
 gatability. For example, the aggregation properties of 
cells ‘grown for four passages in medium supplemented 
with agamma horse serum or fæœtal calf serum were 





Fig. 1. 


Aggregates: A, strain WISH: B, L strain 





i Fig: RA Section through aggregate. E strain (safranin and fast green) 
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Fig. 3. 


Clumps. Strain WISH 


different when tested in various media than cells grown in 
horse serum-supplemented medium. a 
The effect of the inoculum size was tested by determin- 
ing the aggregation of the epithelial strains in media ton- 
taining horse, agamma horse or foetal. calf serum with 
inocula of 5 x 10%, 2 x 10°, and 6 x 10° cells per flask. 
In flasks where aggregation occurred, it oceurred earliest 
and there were larger aggregates with the smallest inocu- 
lum, the aggregates were slightly smaller with 2 x 10° 
inoculum,.and extremely small aggregates formed late in 
the experiment with 6 x 10° inoculum. With Monkey 
Heart cells in foetal calf serum, aggregates formed with the 
smallest inoculum and not with the larger inocula. An 
inoculum of 1 x 10° per flask was finally standardized in 
further experiments. ee 
Inasmuch as the number of cells in suspension is a factor 
in the aggregation of the cells, the attachment of a 
portion of the cells to the glass surface with.sorne of the 
media and conditions of rotation utilized affects the 
aggregation of the cells. In order to prevent the attach- 
ment of the cells to the glass, flasks were coated with 
silicone. Occasionally a thick layer of cells which had 
attached to the glass would break off and would be 
observed as a ribbon-like clump of cells. On the roller 
drum, aggregates would sometimes be seen among the 
cells attached to the giass. Sheets of cells were 
observed floating on the surface in a few. fibroblastic 
cultures on the rotary shaker. Such sheets of cells were 
noted previously and were quite distinct from the 
aggregates and clumps reported here. | 
In a few instances single eells were observed during the 
entire period of agitation. In the usual pattern of events, 
however, clumps formed within a few hours after agitation 
was initiated, and they usually increased in size during 
the course of the agitation period. They varied in size 
from a few cells to large clumps up to 0-5 mm in diameter. 
The density of clumps varied with different strains and 
media. In some instances aggregation occurred within 
24 h, but aggregates usually did not form for two or three 
days. It appeared that cells comprising the clumps under- 
went some change which caused the clumps to acquire 
the property of an aggregate. The aggregates were 
often quite uniform in size (Fig. 1), but with some strains 
and media they varied in size from 0-2 to 1 mm. 
Aggregation is not merely the association of cells which 
results when they are placed under conditions which do 


Table 1. AGGREGATION OF CELLS IN DIFFERENT Menta 
Medium supplement: 
Cell strain Horse Agamma Foetal Tissue extract. 
serum horse serum calf serum dialysate — 
Monkey heart A* C ($j O 
WISH A- C A G 
Girardi heart A A C C 
Hep 2 S A A A 


* 4, aggregate: C, clump; S, single cells. 
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How 


re sauso of a change in the cells induced by 
ditions under which they were cultured: the 
-which formed in a matter of hours, did not 
ly become aggregates; it took from 3 to 7 days 
aggregates to form; and aggregates have properties 
itatively different from clumps. This change is 
doubtedly related to a change in their surface properties, 
d it is apparent that subtle differences in the cultural 
conditions under which these cells are grown affect these 
surface properties. Specific substances, such as enzymes 
or other proteins, may be produced in association with the 
changes.in the cells that cause them to aggregate. The 
- possibility that such substances are produced will be 
- investigated inasmuch as any new substance produced by 
~ the cells, or a marked increase in the production of one of 
their normal constituents, may provide information 
regarding the nature of the changes occurring in the cells 
which cause them to aggregate. 

Although most established strains of cells have lost 
many of the properties of the cells of the tissue from which 
they were derived, the information to produce such pro- 
perties is probably retained. The ability to join with other 
cells to form a tissue is one of these lost properties, and it 
may be speculated that the conditions which induce 
established strains to aggregate are those which permitted 
the expression of this bit of information. Further expres- 
sion. of the information within the cell may result in the 
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OF HUMAN 7 $ GAMMA-GLOBULIN 


By D. STOLINSKY and Pror. H. FUDENBERG 


Department of Medicine, University of California School of Medicine, San Francisco 22 


=o |LYYDROLYSIS of 7 S rabbit antibody by papain 
-< 1 A yields threo 3-5 S fractions separable by chromato- 
graphy on carboxymethyl cellulose’. Two of these 
fractions, designated I and II by Porter, resemble each 
‘other in possessing univalent antibody activity* and in 
antigenic characteristics and molecular weight. Fraction 
[iL lacks antibody activity. Palmer, Mandy and Nisonoff® 
-eooo recently demonstrated that fractions I and IT are derived 
from different parent molecules rather than being frag- 
<- o ments of the same molecule (as originally thought), and 
` showed that the relative amounts of fractions I and H 
vary reciprocally, depending on the chromatographic 
‘behaviour of the parent y-globulin. Confirmatory evidence 
for this concept was recently furnished by Stelos et al., 
using another method’. 
rious methods of fractionating the papain digest of 
human 7 S y-globulin have been developed*-*. Only 
the method of Franklin, however, is comparable with 
that of Porter in producing three fractions. These 
. fractions, designated A, C and B, correspond to fractions 
- J, Tl and TII, respectively, of rabbit y-globulin’. (A small 
_....» fourth fraction, designated D and probably representing 
intact 7S material, is sometimes observed.) According to 
Franklin’s results, the relative amounts of A and C in 
digests of pooled human Cohn fraction TI varied, depending 
on the chromatographic and electrophoretic behaviour 
of the parent y-globulin, whereas the proportion of B was 
relatively constant’. The basic fraction was rich in the 
positively charged fragment C while the more rapidly 
migrating fraction contained primarily the more negatively 
charged fragment A. However, no conclusions were made 
on the basis of this observation on whether or not A and 
C are derived from the same parent molecule, The appar- 
ent heterogeneity of Cohn fraction TT in this respect 









might merely reflect its origin from y-globulins of different 
individuals. ‘The work recorded here atternpted to clarify 
this point by sub-fractionating y-globulin derived from: 
single individuals on the basis of charge. 7 
Sera from normal subjects, four patients with multiple — 
myeloma, and three with an ‘incomplete’ anti-Rh antibody = 
were the source of y-globulin. In brief, the 7 S y-globulins _ 


were isolated by diethylaminoethy! cellulose: ( DEAE)» tee 


chromatography and separated into ‘acidic’ and ‘basic’ ES 
components by carboxymethyl cellulose chromatography 
or starch-block electrophoresis. These 7 S sub-fractions = — 





` wero then digested with papain and the resultant 3-5 5- a 


products were separated by sequential chromatography 
on carboxymethyl! cellulose and DEAE columns. Experi 
ments were also performed with fragments A and C of the 
‘incomplete’ anti-Rh antibodies to evaluate their serologi- - 
cal attributes. Lo ge 

Normal y-globulin was prepared from 50-ml. samples o: 
serum from two normal donors (P. S., Gm(at), Ins 
and J. D., Gm(a-), Inv(a-) )..by elution from a 4: 
om DEAE column" with 0-01 M phosphate buffer, pH 8 
This yielded pure 7 S y-globulin as shown by immur 
electrophoresis“. A 250-ml. sample of each protein 
further separated into four sub-fractions on a 2. c1 
30 em carboxymethyl cellulose column, using step 















+ 


elution as follows: buffer 1, 0-005 M phosphate, pH 
buffer 2, 0-01 M phosphate, pH 6-6; buffer 3, 0: 
phosphate, pH 6-9; buffer 4, 0-05 M phosphate, p 





ie 


November 30, 1963 


‘basic’ portion The 7 S y-paraproteins of two patients 
with multiple myeloma were prepared sumilarly by elution 
fom a DEAE column The y-cryoglobulms of two other 
myeloma patients were isolated and purified by repeated 
cold precipitation and washing All the globulin prepara- 
tions were concentrated to 15 ml by dialysis agaist poly- 
ethylene glycol and then against phosphate-buffered 
salme, pH 70 ‘The solutions were made 001 M ın 
cysteine and 0 002 M in disodium ethylenediamine tetra- 
acetate, mercuripapain (Worthington Biochemicals) was 
then added in the amount of 1 per cent of the protem by 
weight Digestion was allowed to proceed at 37° C for 
16 h and was then stopped by dialysis agamst 100 ml 
of 001 M phosphate buffer, pH 76, m the cold The 
amount of dialysable material formed was determined 
by a modified Foln technique’ The digests were 
fractionated m the cold by the two-step chromatographic 
method of Fianklin® (carboxymethyl cellulose columns 
at pH 7 6, followed by DEAE columns at pH 80) The 
same batch of ion exchanger and the same conditions of 
flow rate and buffer were used for each run The amount 
of protem in each fraction was determmed by optical 
density at 280 mp y-Globulmn possessing mcomplete 
anti-D (anti-Rh,) activity was isolated m the same manner 
as the y-globulin devoid of demonstrable antibody activity 
for this specific antigen Anti-Rh activity was assayed 
by standard methods'® In all negative serological tests, 
serial dilutions were used to ensure that a prozone did not 
exist 

Table 1 shows the relative amounts of protein in the 
fractions (expressed as percentage of the parent protem) 
obtaimed from digests of normal y-globulin (J D), uts 
chromatographic sub-fractions, and the myeloma proteins 
As shown, the most ‘acidic’ sub-fraction of normal 
y-globulin (that is, the sub-fraction most easily eluted 
from the carboxymethyl cellulose column, and hence 
presumably possessmg the lowest isoelectric pomt) 
yielded A butno C The most ‘basic’ sub-fraction (that 1s, 
the sub-fraction eluted last) yielded mainly C and httle A 
The mtermediate sub-fractions yielded intermediate ratios 
of A to © Similar results were obtamed with chromato- 
graphic sub-fractions of another normal y-globulin 
(P S) The myeloma protems resembled the artificially 
produced sub-fractions of normal y-globubn m yielding 
markedly unequal amounts of A and C (The property of 
cold precipitation was lost by the cryogicbulins after 
papain digestion, and was not present m any of the frac- 
tions or various mixtures thereof) In confirmatory 
experiments, ‘fast’ and ‘slow’ sub-fractions of the two 
normal y-globulins (P S and J D) were isolated by 
starch-block zone electrophoresis!” The relative amounts 
of A and C fragments obtained from papain digests of 
‘fast’? and ‘slow’ sub-fractions isolated by starch-block 
electrophoresis were stmilar to those obtamed from the 
‘acidic’ and ‘basic’ chromatographic sub-fractions, re- 
spectively Agar diffusion examination of the isolated 
A, B and C fragments of the ‘acidic’ portion obtained by 
chromatographic fractionation gave bands of identity 
_with the comparable fragments obtamed by isolation of 
the ‘fast’ y-globulin from starch-block electrophoresis 
The same was true of the papam fragmonts of the ‘basic’ 
(chromatographic) and ‘slow’ (starch-klock) fractions of 
the 7 S y-globulin 

Table 2 shows the representative results obtamed with 
one (Ri) of three mcomplete anti-Rh antibodies The 
parent y-globulin possessed meomplete anti-Rh activity 
as measured by antiglobulin test and by 1ts ability to 
agglutinate D-positive erythrocytes treated with fiem or 
suspended in 30 per cent albumin No agglutimation was 
observed in saline The papam digest of the Ri y-globulin 
and its A and O fractions retamed anti-Rh activity as 
measured by the antiglobulm test with rabbit anti-serum 
to the A and C fragments, but showed no detectable 
activity against red cells pre-treated with proteolytic 
enzymes (ficm, trypsin and papam) or suspended in 
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albumm. The B fraction was mactive by all three 
methods ‘These results are ın accord with those obtained 
by Fudenberg, Mandy and Nisonoff® with rabbit 7 S 
hemagglutimms (The locahzation of anti-globulin activity 
of imcomplete anti-Rh antibody to the A and C 
fragments was previously observed by Deutsch et al?) 
In a further experiment. the mtact anti-Rh y-glebulin 
(Ri) was sub-fractionated chromatographically mto 
‘acidic’ and ‘basic’ portions The papain digest of the 
‘acidic’ portion yielded maimly fraction A and little C, 
whereas the ‘basic’ portion yielded the reverse As 
before, anti-Rh activity was confined to A and C Asa 
control on the chromatographic method, a part of the 
‘acidic’ anti-Rh y-globulin (A/C ratio 59 1) was mixed 
with a ten-fold excess of the 7 S y-globulin (not sub-frac- 
tionated) of ‘normal’ sera lacking anti-Rh activity The 
mixture of ‘acidic’ anti-Rh and of normal y-globulin was 
then digested with papam Although comparable 
amounts of A and C were obtained, the anti-Rh activity 
was luted to fraction A. When the ‘basic’ fraction of 
anti-Rh y-globulm was mixed with normal y-globulm, 
the anti-Rh activity was confined almost exclusively to 
papain fraction C of the resultant mixture 

These observations mdicate that the differences in the 
net charge of y-globulin molecules ın the serum of a single 
individual are reflected ın the varying proportions of A 
to C The relative amounts of A and O depend on the 
charge of the parent y-globulin The fact that only these 
two fractions, 4 and C, are obtamed from a parent 
y-globulin consistmg of molecules havmg a spectrum of 
charges 18 probably attributable to the chromatographic 
method®?° Simce molecular weight data®*®™ indicate 
that each 7 S y-globulin molecule consists of two sub-units 
of the A-C type and one of the B type, ıt seems likely 
that some y-globulm molecules contam erther two A or 
two  sub-umts, that 1s, two identical univalent frag- 
ments Present results, however, are not sufficient to 
support the hypothesis that this holds true for all y-globu- 
lin molecules The fact that the electrophoretically 
homogeneous myeloma protems (Table 1) yielded either 
almost two parts of A and almost no C, or two parts of C 
and almost no A (relative to one part of B), 18 m keeping 
with this hypothesis (The trace amounts of A m myelo- 
mas l and 4 and of C m myelomas 2 and 3 presumably 
are due to small amounts of normal (non-myeloma) 
y-globulin in the myeloma, sera, ) 

In parallel experiments, the 3 5 S fragments of two 7 S 
y-globulins containmg meomplete anti-Rh activity were 
prepared by sequential treatment with pepsin and a 
reducing agent®1, their behaviour when tested by anti- 


RELATIVE AMOUNTS OF FRACTIONS OBTAINED FROM PAPAIN 
DIGESTS OF VARIOUS GAMIMA-GLOBULINS* 


Table 1 


Fraction 


A. C A+ B D 


Pep- Ratio 
tides A/C 


Normal y-globulm 
Total 


347 279 626 286 08 80 124 
Sub-fraction 1 (‘acidic’) 487 Q 487 343 Q 170 0 
Sub-fraction 2 63 2 12 644 215 0 ‘141 5627 
Sub-fraction 3 373 190 563 347 07 83 196 
Sub-fraction 4 378 351 729 176 95 108 
Sub-fraction § (‘base’) 67 881 448 313 104 185 018 

Paraprotems 

Myeloma 1 168 489 657 227 41 75 684 
Mye.oma 2 583 121 654 267 33 46 $440 
Myetoma 3 (eryoglobulin) 794 03 797 172 0 81 2650 
Myeloma 4 (eryoglobulin) 88 481 569 249 73 109 O18 


* All values expressed as percentages of the parent protem, except the 
ratio A/C 


Table 2 TICRES* OF ANTI-RH ANTIBODY (RI) AND ITS PAPAIN DIGEST 
FRACTIONS BY VARIOUS TECHNIQUES 
y-Glotulin Method 
preparation Antiglobulin Fiemt Albumin Saline 
Intact (7 S) 1 10,000 1 10,000 1 200 — 


Papan digest 1 1,250 


Fraction A 1,000 ~— ae = 
Fraction B — —_ 2 = 
Fraction 0 1 1,000 ~— aed = 


* End-pomt of final dilution causing detectable reaction Initial con- 
centration of protem solutions was 10 mg/100 ml 

+ Sumilar results were obtaimed when cells were treated with trypsin or 
papain 
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globulm, ficm and albumm methods was identical with 
that of similar fragments prepared with papam The3 58S 
fragments of a human 7 S anti-A isoagglutinim also failed 
to agglutinate the appropriate erythrocytes, whether or 
not the latter were treated with enzymes or suspended m 
a high protem medium However, combmation of these 
fragments with the homologous antigens did occur, as 
shown by the occurrence of agglutination when an 
antiserum specific for the 35 S fragments was added 
(In a few experiments, the digest of the antibody appeared 
to retain. a sight ability to agglutinate erythrocytes treated 
with enzymes or suspended in a high protem medium, but 
in each case this was found to be caused by the persistence 
of small amounts (1-3 per cent) of mtact 7 S material, 
removable by gel-filtration on ‘Sephadex G-200’ ) Sumuilar 
results have been obtaimed previously with rabbit bivalent 
7 S agglutmatmg antibodies’ 

The results obtaimed with the papain digest of the m- 
complete anti-Rh antibodies merit further comment, m 
that they provide some basis for speculation on the 
relationship of the structure of such antibodies to their 
‘mcomplete’ character The serological behaviour of the 
papain digest and its A and C fractions 1s what would be 
expected of truly univalent antibodies, that 1s, combma- 
tion with antigen (as detected by the antiglobulin tech- 
nique), but mability to cause agglutination of appropriate 
erythrocytes, even when tho latter are pre-treated with 
ficm or suspended m a high protein medium The parent 
“ncomplete’ antibody, which reacts by all three methods, 
presumably is bivalent}® The means by which enzyme 
treatment of erythrocytes or the presence of a gh protein 
medium enables ‘mcomplete’ blood group antibodies to 
produce agglutmation remam to be clarified The 
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mechanisms responsible for the serological behaviour of 
‘complete’ antibodies are at present being mvestigated 
in studies with univalent fragments of chromatographically 
sub-fractionated human y-globulin i 

This research was supported m part by grants from the 
US Pubhe Health Service (H—-5997), the Office of Naval 
Research, Department of the Navy (Nonr-3656(12) ), 
and the American Cancer Society, Califorma Division. 
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REPRODUCTION IN A FREE-LIVING POPULATION OF DOMESTIC RABBITS, 
ORYCTOLAGUS CUNICULUS (L.), ON A SUB-ANTARCTIC ISLAND 


By E. SHIPP 


School of Biological Sciences, University of New South Wales, Sydney 
AND 


K. KEITH, R L. HUGHES and K. MYERS 
CSIRO Division of Wildlife Research, Canberra 


INCE 1948 the Austrahan National Antarctic Research 
Expedition (ANARE) has mamtamed a station at 

Macquarie Island (54° 30° S, 158° 57’ E) Situated in 
latitude mid-way between New Zealand and Antarctica, 
the Island represents the southern mut of rabbit distribu- 
tion in the Australasian region 

The chmate 1s bleak, temperatures varymg httle from 
the mean of 400° F The mean difference between the 
hottest and coldest months is 6 0° F and the mean diurnal 
range 1s only 5 7° F 

Precipitation 1s evenly distributed throughout the entire 
year (Table 1) and the average relative humidity 1s 
extremely high (92 per cent) Wind gusts exceeding 60 
mph are frequent m every month The average annual 
sunshine 18 18 h/day and ıs concentrated during the 
period of maximum plant growth (October—March) 
when a mean monthly maximum of 3 h/day may be 
reached! Even under these bleak conditions the domestic 
rabbit has continued to thrive since its original mtroduc- 
tion by sealers about 1880 The relatively narrow varia- 
tions im so many chmatic factors provide the ecologist 
with a unique opportunity to mvestigate those factors 
which determine the duration of breeding 

Observations were made in two separate years by two 
of us (1950-51 (E S ) and 1956 (K K ) ) while members of 
ANARE parties at Macquarie Island The number of 


animals examimed each month appears m brackets m 
Table 1 The large animals were selected in shooting, 
and the obviously immature ones were ignored in the 
analysis of the results Body-weight, number of embryos, 
stage of pregnancy (determmed from gross mspection of 
the uterine horns) and number of corpora lutea were re- 
corded soon after animals were shot Testes were fixed mn 
10 per cent formaln and were later cleaned and weighed 
Frozen sections of testes were cut at 20u and stained with 
hematoxvlin and eosmn 

The combined reproductive data for the two separate 
years 1950-51 and 1956 are shown in Fig 1 

It can be seen that the proportion of females either 
pregnant or lactating ıncreased from a few per cent in 
July to 100 per cent m December and thereafter decreased. 
until the cessation of breeding in May. Both testis weight 
and spermatogenetic activity (determined by the per- 
centage of testes contaimng either sperm or spermatids) 
showed a simuar trend, although maximum reproductive 
activity ın the males was reached earher and persisted 
longer Two other trends were apparent m females 
Pre-natal reproductive wastage, based on corpora lutea 
counts of pregnant females, was highest m the earher 
months of breedmg, bemg 50, 72 and 80 per cent in 
September, November and December compared with 
15 per cont m February and 24 per cent in March and 
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sperm, SPT, spermatids 


April The number of eggs shed at each ovulation showed 
a gradual increase m all but the last month of breeding, 
bemg 6, 7, 7 4, 7 8, 6 8 in September, December, February, 
March and April respectively 

A prominent feature of reproduction is the relatively 
long breeding season (July—May) The short annual 
ancestrus (May-July) corresponds with the season of 
no plant growth when the preferred pasture species (grasses) 
are not available (Fig 1). Ancestrus is accompanied by 
vauable loss of weight (Table 1), which 1s probably 
caused by fluctuations ın both the availability and 
nutritional value of food 

The importance of nutrition 1s underlined by compari- 
sons between reproductive data (August 1950-Apmil 
1951) from two adjacent but dissimilar areas, one with 
luxunant plant growth, the other over-grazed and 
relatively bare, to the extent that rabbits were digging for 
roots A very small creek, which rabbits were not seen to 
cross, separated these areas sharply 

It can be seen from Fig 2 that females occupying the 
well-vegetated habitat apparently have a longer and more 
effectual breeding season than those living in the denuded 
area, In the vegetated area the height of breeding, as 
judged by the percentage of females pregnant, was reached 
about one month earlier and contmued at a level some 
6-20 per cent above that found in females taken from 
the over-grazed area. The results also suggest that 
females on the better pasture mamtam maximal breeding 
for about one month longer 

The picture m the males 1s essentially sunilar Males 
from the vegetated area almost always have a higher mean 


Table 1 MACQUARIR ISLAND 


1950-51 June July August Sept 
Mean bodv-weight males 1,239 1,369 1,524 1,490 
Sample size (27) (20) (32) (39) 
Mean body-weight females 1,178 1,362 1,532 1,419 
Sample sıze (11) (30) (24) (22) 
Temperature (mean hourly) (°F) 362 88 5 35 9 391 
Precipitation (in ) 313 214 2 83 3 56 

1956 

Mean body-weight males — 1,500 — 1,484 
Sample sıze (8) (28) 
Mean bodv-werght females — 1,475 — 1,469 
Sample sıze (8) (18) 
Temperature (mean hourly} (CF) 405 37 5 38 5 38 5 
Precipitation Gn ) 3 65 298 2 93 247 


Upper curve O, well-vegetated area, lower curve @, denuded area 

Pregnancy was ascertained from gross inspection of the uterme horns 

The figures which appear below the letters denoting the month refer to 

the sample size The upper and lower figures correspond to the upper 
and lower curves, respectively 


testis weight (Table 2) The annual enlargement of testis 
and accompanying weight merease occurs two months 
earlier and probably persists at least a month longer 
than that found ın males hving in the bare region The 
testis tubules of all but one male from the better pasture 
contained eithe: sperm or spermatids durmg the period 
August-April (Table 2) In contrast, males from the 
denuded area durmg the same period exhibited reduced 
spermatogemc activity durmg August, September and 
particularly April In addition, low levels are shown m 
Fig 1 for June and July when males were taken only 
from the bare area 

These differences ın reproductive performance, and in 
weight (Table 2), between the rabbits of the two areas 
may be primarily related to nutritional values of the 
pastures, though some effect may be ascribed to increased 
cover and variations ın muicrochmate 

The two factors which appear to be correlated with 
the initiation and mamtenance of breeding are day 
length and season of plant growth Day length per se 
appears to be of little umportance, as wild rabbit populations 
throughout thei entire range m the Australian region have 
overlapping breeding seasons (pregnancy and lactation) 
which cover every month of the year?“ However, a 
large portion of the Australian range 1s of a Mediterranean- 
type chmate where summer anoestrus 1s the rule, and this 1s 
m marked contrast with the Macquarie Island breeding 
pattern A common factor pertiment to breeding m 


RABBIT AND CLIMATIC DATA 


Table 2 EFFECT oF HABITAT ON BREEDING CONDITION AND BODY-WEIGHT, 1950-51 SEASON, MACQUARIE ISLAND 


Group No <August 


Mean testis weight (g) a 21 
b 08 
Proportion of males with sperm or a 15 
spermatids -ig 
ò 12 
16 
Mean body-weight males and females (g) a 2,153 
b 1,816 


Oct Nov Dee Jan Feb March Apri May 
1,475 1,485 1,519 1,548 1,605 1,650 1,654 1,371 
(25) (25) (29) (37) (26) (23) (48) (4) 
1,433 1,562 1,582 1,518 1,589 1,575 1,618 41,390 
(28) (27) (37) (30) (26) (23) (29) (5) 

400 401 414 43 2 437 43 8 401 39 5 
3 08 427 4 02 430 2 92 483 3 42 4 28 
— 1,439 — 1,630 1,529 1,560 1,817 1,817 

(9) (3) (6) (18) (30) (13) 
— 1,700 — 1,659 1,512 1,505 570 1,550 
(3) (10) (8) (9) (26) (6) 

39 7 408 447 449 437 430 428 415 
3 22 161 2 83 6 05 2 32 2 87 2 88 2980 

Sept Oct Nov Dec Jan. Feb March April 
23 21 22 20 19 19 — 16 
13 19 19 18 19 19 17 13 
16 0O å n H 13 17 — 7 
16 10 11 14 13 17 8 

18 a as o n å S o āã 2 S 
20 13 13 19 17 9 2 37 

2,096 2,068 1,954 2,124 2,040 2,090 2,068 2,068 

1,812 1,700 1,812 1,898 1,898 2,011 1,954 1,954 


Group a, animals from well-vegetated areas, group b, animals from denuded area 


~~ 


860 


almost all regions, mcluding Macquarie Island, 1s nutri- 
tion In all areas where adequate studies have been made, 
breeding 1s mitiated by the commencement of the growing 
season—the shooting of green grass or equivalent pieferred 
plant species beg a potent stimulator (Fig 1) Repro- 
duction falls off and eventually ceases m the latter portion 
of the growing season when pastures deteriorate The 
importance of nutrition m domestic rabbit reproduction 
was 1ecognized by Hammond and Marshall : 
Preliminary observations have been made on natural 
populations of wild rabbits m sub-tropical Queensland, 
Australia Although the season of plant growth 1s here 
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coicidens with spring and summe: rains, the proportion of 
pregnant and lactating adult females 1s reducod during 
the hottest months suggesting that temperature and not 
nutrition may be limiting! 

We thank the many members of the ANARE who helped 
with the field work on the Island 


a Tayl Ë W , Austral Nat Antarche Res Exped Rep, Series B, 2, 1 
oO 


VoL 200 


? Poole, W E,CSIRO Wildl Res , 5, 21 (1960) 
*Mellwaine,C P, NZ J Serv, 5, 325 (1962) 
4 Hughes, R L (unpublished results) 


> Hammond, J , and Marshall, } H A , Reproduction n the Rabbit (Oliver 
and Boyd, Edinburgh, 1925) 


DETERRENT EFFECT OF INSECTICIDES ON MALARIA VECTORS 


rT HE effect of residual insecticides on malaria vectors 18 

commonly assessed in the laboratory by using treated 
panels or contaimers hned with paper impregnated with 
the insecticide under examination, with which anophelines 
fiom laboratory cultures of known age and feeding condi- 
tions are brought into contact The effect of the toxicant 
investigated 1s usually judged by knock-down counts and 
by ummediate and 24-h delayed mortality figures For 
the assessment ın the field, the mvestigator relies largely 
on the numbers of vector species caught m treated houses 
1esting or bitmg, and, since the pioneer work of Mu:rhead- 
Thomson! m Africa, on the results obtamed ın experi- 
mental huts fitted with exit taps, m which 16 18 possible to 
count the number of mosquitoes dead on the floor and the 
number found ın the exit trap dead or alve and, by holding 
the latter for a 24-h period, to estimate the delayed 
mortalty Feeding conditions and ovary development 
of the females caught are usually noted, and to this has 
been added im recent years the determination of their 
physiological age by one of the methods described by 
Detinova? 

These comparatively simple techniques have shown 
that the action of the residual insecticides against a winged 
insect lke an anopheline mosquito, free to enter human 
dwellings ın search of food or shelter, 1s more complex than 
would perhaps have beensuspected Kennedy’ was probably 
the first to observe m the laboratory that DDT had an 
irritant effect on mosquitoes, an observation that was 
confirmed ın the field by Mwurhead-Thomson}, Davidson‘ 
and many others, but the umpheations of the writant 
effect of this insecticide on the transmission of malaria 
are not yet completely understood A repellent effect of 
DDT on house-haunting anophelines was noticed by 
Gebert and was confirmed later by Muirhead-Thomson!', 
Downs and Bordas’ and others DDT, ıt appeared, pre- 
vented anophelines from entering treated houses, and 
that ıt was not due to the irritation produced by this 
insecticide was shown when other chlorinated hydrocar- 
bons with non-uritant properties, hke BHC and dieldrin, 
also prevented anophelines from entering treated houses 
The mmportance of this action of residual insecticides has 
perhaps not been fully appreciated in the past, but recent 
observations ın Africa imdicate that ıt must have great 
operational significance 

In the course of a successful malaria eradication pilot 
project in the district of Kigez: m Uganda, experimental 
huts with mud walls and thatched roofs were used, fitted 
with exit traps of the type described by Muirhead-Thom- 
son! and Davidson‘ Each hut was baited with two 
men, and it was found that the one treated with 2 g 
DDT (75 per cont wdp) per m*—the dosage apphed 
in the area—caught, durmg the nine months it was m 
operation, only 30 5 per cent of the number of Anopheles 
gambiae—the local vector—that were captured m an identi- 
cal unsprayed control hut’ A clear-cut finding hko this, ıt 
was considered, deserved further mvestigation, and, since 


the success of the campaign m Kigozi had reduced the pop- 
ulation of A gambiae to practically nil after one year of 
spraying, it ‘was decided to buld a new series of huts 
m another part of Uganda where DDT or other residual 
insecticides had not been used m public health campaigns 
This was done im the district of Masaka, and there it was 
found that DDT ın the form of 75 per cent wdp and 
at the dosage of 2 g per m?, and dieldiin ın a 50 per cent 
wdp formulation and at the dosage of 0 8 g/m’, greatly 
reduced the number: of A funestus and A gambiae—the 
two vectors in the area—entering sprayed huts Smee in 
Kigezi our experimental huts, and mdeed all the local 
huts m the area, had been sprayed not only mdoors, as 
1s the common practice, but also on the outside ‘ingress 
surfaces’ with which a mosquito will probably have been 
in contact when gaining access to a hut, 14 was decided to 
have some of the new experimental huts sprayed inside 
only and in others to have the msecticide apphed to the 
inside surfaces as well as to the ‘ingress surfaces’ on the 
outside These were the door and door frame of the hut 
(they had no windows other than that to which was fitted 
the exit trap) and the portion of the eaves and upper part 
of the walls close to the appioxmmately 05 m-l in 
opening between the roof and walls through which 
mosquitoes entered 

The reduction produced by DDT and dieldrin on A 
funestus ın a seven-month period of observation 1s sum- 
marized ın Table 1. 

Table 1 


A funestus caught 
in window trap 


Per cent reductions 
in Telation to the 


and number caught in 
floor captures control hut 
Hut No Females Males Females Males 
3 (control) 2,692 1,780 — — 
1 (DDT inside only) 534 334 80 2 812 
4 (DDT inside and 
‘ingress surfaces’) 299 203 88 9 88 6 
2 (dieldrin twnside only) 528 379 80 4 787 
5 (dieldrin inside and 
‘ingress surfaces’) 573 380 787 78 7 


The greatest reduction observed was in hut No 4, where 
the irritant effect of the DDT applied to the outside sur- 
faces may have contributed to preventing mosquitoes 
gaming access to the hut Altogether, DDT and dieldrin 
produced a reduction of 821 per cent m females and 
818 per cent m males of A funestus There was also 
a marked reduction m the numbers of A gambiae caught 
in this experiment, but the numbers m this case were too 
small to warrant analysis Of great interest was the finding 
that mosquitoes of the genus Mansonia—practically all 
Mansona (Mansomoides) wniformis—were not reduced m 
numbers by either DDT or dieldrm whether applied to 
indoor as well as outdoor ‘ingress surfaces’ or to mdoor 
surfaces only There was m fact a shght mcrease of 9 per 
cent in the treated huts when compared with the control, 
unsprayed hut, and this, ıt should be noted, was observed 
m a particularly large sample 43,595 mdividuals, practi- 
cally all females 
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Fig 1 Bffect of DDT and dieldrin on female anophelines (above) and 
culiemes (below) entermg experimental huts. perorosproyrig (stippled) 
adjusted to equal time as ‘after spraying’ (hatched) 


The very different effect of DDT and dieldrin on the 
anophelines and culicines ın this experiment can also be 
appreciated by comparing m each mdividual hut the 
results before spraying with the results obtamed after 
application of the msecticides This has been done 
graphically in Fig 1, where the period ‘before spraying’ has 
been adjusted to equal time as ‘after spraying’. 

Another series of observations made in Masaka, com- 
parmg the effect of DDT and dieldrin in metal-roofed and 
thatch-roofed huts, confirmed the phenomenon of reduced 
entry ın anophelmes There was an overall reduction 
of 89 9 per cent ın females and 96 4 per cent ın males of 
A. funestus m the treated huts A sufficient number of 
A gambiae females were caught this tame to show a reduc- 
tion of 714 per cent As in the previous experiment, 
Mansoma was not reduced ın numbers ın the treated huts, 
but showed, onthe contrary, a slight merease of 12-5 percent 

A full account of these observations will be publshed 
elsewhere, but ıt may be worth emphasizing here the 
importance of the phenomenon of reduced entry when 
assessing the effect of residual msecticides m anophelne 
mosquitoes That the reduction was not an artefact m 
our results ıs clear from the findmg of Mansona in the 
same or slightly larger numbers in the treated huts, and 
also by the work carned out by other mvestigators like 
Wharton, Wilkinson’ and Kuhlow’, proving that a reduced 
catch m a treated hut was due in fact to a reduced entry 
and not to mncreased and unaccountable exit 

The reduced entry appears, therefore, as a very mpor- 
tant factor when considermg the overall action of residual 
insecticides, since a reduced entry means in fact a reduced 
contact between man and vector Mortahty figures, feed- 
ing conditions, physiological age of the mosquitoes cap- 
tured, will not give a complete picture without a compar- 
son of the numbers caught ın treated and untreated huts, 
or those caught before and after treatment in the same hut 
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If the mportance of the reduced entry seems clear, the 
cause or causes of the phenomenon still remam uncertam 
That writation is not the mam cause 1s proved by the fact 
that a reduced entry has been observed with non-irritant 
insecticides, such as dieldrm and BHC. That the presence 
of the insecticides ıs felt before contact with the deposits 
inside treated houses also seems clear. The effect then 
must be felt at a distance. and this must be due either to 
vapour released from the insecticide deposits or to particles 
driftmg im the air ım the vicimty of treated houses. 
Wilkinson® suggested that a reduced catch mught be due 
to the masking of the attractive human odour by the smell 
of the msecticide, but this would leave unexplained the 
fact that engorged females are prevented from entering 
treated dwellings in search of a restmg-place. We beleve, 
therefore, that a cause or causes of a more general nature 
must be at work and that the use of the term ‘repellency’ 
either in the sense of contact repellency or of repellency 
at a distance, would not be adequate We propose instead 
the use of the term ‘deterrency’ or ‘deterrent effect’ to 
embrace all possible causes that may prevent mosquitoes 
from gaming access to houses treated with residual insecti- 
cides 
J DE ZULUETA 
J R CULLEN 
World Health Organization, 
Palais des Nations. 
Genova 
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THis Institute assesses the toxicities of new insecticidal 
compounds to mosquitoes entering experimental huts 
Because toxicity of the msecticide 1s greatly mfluenced 
by the tıme that mosquitoes spend restmg m houses, our 
work has developed into a very specialized subject rogu- 
ing a detailed knowledge of feedmg and resting habits of 
the species of mosquito under assessment}-§, Our tech- 
niques have become more elaborate to assess concurrently 
the toxic effects of an msecticide and its effects on the 
behaviour of hut-entermg mosquitoes The chef remain- 
ing source of error in our routme assessments 1s that we 
have no measure of the proportion of hut-entermg mos- 
quitoes that leave through the eaves, or of the survival of 
these mosquitoes after egress We have therefore mvesti- 
gated eave-egress m two ways by means of specially 
constructed huts 

(1) By surrounding an expervmental hut wth a cage of 
mosquito netting A sımple expermental hut, with a 
window-trap, was surrounded by a cage of mosquito 
netting, the sides of which were furled up to allow mos- 
quitoes to enter the hut and unfurled to ground-level to 
trap mosquitoes leaving the eaves The species exammed 
were A gambiae and M. uniforms which were collected 
by (1) hand-catches mdoors; (2) a window trap in the 
east wall, (3) hand-catches outdoors within the cage. It 
was possible to examime the behaviour of unfed and fed 
mosquitees, but not of gravid mosquitoes, because 
collections were made daily Overall egress throughout 
the night was determmed by combming the results of 
three periods, examimed separately dusk (5 pm-8 pm), 
darkness (8 pm~5 30 am) and dawn (530 am —7 30 
@m ) 

The results m Table i are for forty collections They 
show that nearly all unfed A. gambiae and M uniforms 
left the expermmental hut by dawn, with one-third of the 
total egress of A gambiae, compared with 97 per cent of 
M uniforms, leaving by the eaves 
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Table 1 SHOWING THE EGRESS OF 4 gambiae AND M untformis INTO A 
WINDOW-TRAP AND THROUGH THE EAVES OF AN UNTREATED EXPERIMENTAL 
Hor, IN THE MAGUGU AREA OF TANGANYIKA 


Unfed Fed 
Resting Egressby Egressby Resting Egress by Egress by 


indoors window eaves indoors wmdow eaves 
A gammae 
No 4 148 78 2,772 422 361 
Per cent 2 64 34 78 12 10 
M uniforms 
No 20 25 1,498 211 1286 840 
Per cent 1 2 97 18 10 72 


Table 2 SHOWING THE NUMBERS OF A gambiae INDOORS (RESTING -+ 
DEAD ON FLOOR), IN WINDOW-TRAPS AND IN HAVE-TRAPS OF EXPERIMENTAL 
HUTS IN THE TAVETA AREA OF KENYA 


Untreated Hut with dichlorvos 
hut in dibutyl phthalate 
is a 


Hut with 
dichlorvos only 
Month Egress Egress Egress Egress 
In- y y In- by by In- b 


doors Window eaves doors window eaves doors window eaves 


1 807 999 142 1,263 338 292 961 3802 182 
2 704 811 64 438 139 163 747 590 116 
3 631 265 42 601 299 165 919 648 124 
4 470 259 62 831 547 149 654 630 108 
5 290 158 57 690 373 106 357 272 54 


The proportion of recently fed A gambiae m the window- 
tiap was similar to that found m simuar types of untreated 
experimental huts in Kenya‘, with about equal numbers 
of the recently fed A gambiae leaving by eaves and 
window-trap 

The behaviour of M uniforms was quite different from 
that of A gambiae 72 per cent of recently fed M 
uniforms left by the eaves compared with 10 per cent of 
A gambiae This finding mdicates that the present type 
of expermmental hut, used for msecticide-assessment', 
would be unsuitable for assessing insecticides against 
M umtforms and other species with similar habrts 

(2) By experimental huts fitted with eave-traps The 
investigations were made in three wooden portable huts 
8 ft. x 8 ft. and with walls 54 ft hgh Each hut was 
fitted with eight egress traps situated between the top of 
the walls and the roof, which was thatched but com- 
pletely lmed with tvory-faced fibreboard Each egress- 
trap extended 2 ft along the top of a wall and was V- 
shaped, the mouth being fitted with mosquito-netting to 
form a broad mset funnel with a mouth half an imch wide 
Light entered each trap from outside through a broad 
sht at the bottom, screened with wire mosquito-gauze 
Mosquito entry was through eight apertures, each 2 ft 
long, situated between shutters on the top of the walls 
and the roof, and alternatmg with the egress-traps The 
shutters wero sited ın relation to the roof to form V-shaped 
ingress-traps ‘The mngress apertures were 1 ın wide 1n these 
studies and were screened from mosquitoes inside the hut 
by narrow strips of cloth placed 3 m. m front of the 
shutters Provision was made for fittmg window-traps 
in each wall. and the huts were made ant-proof by a 
method successfully used at Magugu’ The work recorded 
here involved all eave-traps and one window-trap placed 
in. the east wall 

Investigations were made m an untreated hut and 
another contaimng a dichlorvos dispenser (Ciba, VIII) that 
contained the msecticide m solution with dibutyl phthal- 
ate The third hut also had a dichlorvos dispenser 
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(Ciba) IX) which contained only technical dichlorvos. 
Mosquitoes resting ın the huts were counted in stu m 
addition to observations requred to determme overall 
mortalities*, so that egress could be related to toxicity of 
the insecticide 

Table 2 shows details of the egress of A gambiae into 
window-traps and eave-traps over a period of five months, 
and Table 3 shows that the proportion of the total egress 
that occurred through the eaves mereased with overall 
mortality, as had previously been suspected? This 
latter finding indicates that the present type of experl- 
mental hut, used for routine insecticide assessment, 1s not 
entirely suitable for assessing irritant or repellent imsecti- 
cides against A gambiae due to loss in efficiency of the 
window-trap when the insecticidé 18 repellent 
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Table 3 SHOWING THAT THE PROPORTION OF THE TOTAL EGRESS OF A 
gambiae THAT LEFT BY THE BAVES VARIED DIRECTLY WITH OVERALL 
MORTALITIES TO DICHLORVOS 


Untreated Hut with dichlorvos Hut with 
hu in dibutyl phthalate dichlorvos only 
Month Overall Total Overall Total Overall Total 


mortahty egress by mortahty egress by mortahty egress by 
(%) eaves (%) (%) eaves(%) (%) eaves (%) 


1 2 12 85 46 80 38 
2 10 7 86 54 32 16 
3 11 14 34 36 19 16 
4 16 19 24 21 27 15 
D 8 27 11 22 1i 17 


Expermental huts fitted with veranda traps as well as 
window-traps might be better 

The results in Table 3 confirm as yet unpublished 
findings from experimental huts at Magugu that ıt 1s the 
dichlorvos itself that affects the behaviour of A gambiae 
and not the plasticizer as was first suspected? 

Finally, the details of the eave-egress of A gambiae 
and M uniformes, described here, show that the observa- 
tions of Zulueta and Cullen-——although stmkmg—do not 
constitute proof that the malaria vectors were greatly 
deterred from entering treated huts The reduced numbers 
of A funestus and A gambiae that they observed may 
equally be explamed by the insecticides irritating many 
of them to leave by the eaves An increase m numbers of 
M uniforms is m fact what would be expected in an 
msecticide-treated experimental hut with only a window- 
trap as normally most of them leave the hut by the eaves 
the same night as they enter 1t, toxic effects of the msecti- 
cide could reduce the numbers leaving the hut but irritant 
or repellent properties gould not appreciably mcrease the 
number leaving 

I thank Mr R E Rapley for designing and building the 
portable trap-huts at Taveta 


A SMrre 
Tropical Pesticides Research Institute, 
Arusha, 
Tanganyika 
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GAS YIELDS FROM ELECTRON-IRRADIATED COTTON CELLULOSE 
By Dr F. L DALTON, M. R HOULTON and J A SYKES 


Radiation Branch, Isotope Research Division, Wantage Research Laboratory, UK Atomic Energy Authority 


EASUREMENTS by several workers have shown 
that the principal gaseous products produced when 
cellulose 1s rrradiated ın vacuum or in an inert atmosphere 
are hydrogen, carbon monoxide and carbon dioxide!-* 
In all cases radiations have been carned, out m sealed 
tubes at a limited number of ngh radiation doses in the 


range 107-108 rads Such experiments allow the build-up 
of considerable pressures of reactant -gases above the 
cellulose, and hence mtroduce the possibilty of back 
reaction In some cases, the outgassmg procedure has 
not been sufficiently rigorous to remove all oxygen from 
the cellulose, so that some oxidative breakdown may have 
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Table 1 TOTAL GAS YIELDS (—=HYDROGEN YIELD) 


No 4809 


Dose Gas yield Ggasa production 

(Mrads) (umoles/g) = @Hydrogen 
0 0955 0 61 62 
0 0955 0 58 58 
0 382 217 55 
0 764 3 90 49 
1 05 4 89 45 
1 43 6 26 42 
1 43 6 39 43 
1 91 7 85 40 
2 87 10 6 3 6 
5 73 19 7 33 
9 56 29 6 29 
19 1 49 4 25 
28 7 68 5 23 
38 2 88 0 22 
4? 8 109 22 
57 3 128 22 
76 4 168 21 
95 6 210 21 
119 250 20 
239 500 20 
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Table 2 MASS SPECTROMETER ANALYSES AND DEDUCED G VALUES 
Mole Mole Mole Mole Yield Yield Yield 

Dose % % % VA CO ‘mass CO 
(Mrads} H, ĉo ‘mass CÓ: (umoles/ 34’ (umoles/ 
34° g) moies g) 


GOO GMassy, G'COe 


| 


4 78 100 — See 
124 989 074 — 030 026 — O11 0020 — 0 0080 
239 987 081 — 042 046 — 024 0019 — 0 0099 
287 989 066 — 034 045 — 023 0015 — 00078 
882 986 098 006 036 086 005 032 0022 0 001 0 0080 
573 985 094 006 047 109 008 0860 0018 0001 0 010 
764 981 107 010 073 180 02 122 0 023 0 002 0 015 
96 980 114 006 071 239 01 149 0 024 0001 0015 
occurred No systematic study of the G value of products 


as a function of dose has been reported 

The purpose of this article is to show that the G value 
of hydrogen, the principal gaseous product, 1s dependent 
on total dose and that‘ the reaction products depend 
eritically on, the efficiency of the outgassing of the cellulose 

The cellulose used was a ‘middling’ American cotton 
which was received as a gift from the Shirley Institute at 
Manchester, where ıt had been purified by boumg in 1 per 
cent caustic soda solution contammng 015 per cent castor 
oul soap for 3 h at 35 lb jin? excess pressure, washmg 
with hot water, treatmg with cold 0 1 normal hydrochloric 
acid, washing with cold water and then re-bouling at 
35 lb /in.? m 1 per cent caustic soda without soap After 
this ıt was washed as before and dried 

Samples of 0-1-2 g m weight were outgassed on a con- 
ventional high vacuum apparatus at 60° C overmght, the 
pressure being below 10-5 mm mercury. It was shown 
that further pumpmg under these conditions for a period 
of one week did not affect the results obtamed The 
cellulose, contamed ın a small tube attached to a bulb 
of sufficient size to prevent the pressure of product gases 
rismg above 1 mm mercury, was then sealed off and 
irradiated at ambient temperature by means of a 4-MeV 
Metropolitan Vickers lnear accolerator, the dose rate 
being 130+002 Mrads/mn Radiation heatimg was kept 
below 20° C at the centre of the cellulose by playmg 
compressed, air over the reaction vessel After srradiation, 
the amount of gas produced was measured by means of a 
Saunders—Taylor apparatus? and its composition after- 
wards determmed by mass spectrometry 
In view of the possibhty of small quanti- 
ties of atmospheric nitrogen contributmg 7 
to the carbon monoxide peak, carbon mon- 
oxide was also determined by gas chromato- 
graphy These latter results confirm the 
mass spectrometry data and will not be 
discussed further To remove gas from the 4 
cellulose completely, the radiated material © 
was held at 40° C overnight before admus- 
sion to the Saunders-Taylor apparatus 
This produced no change in the gas yield 
at doses above 14 Mrads, but eliminated 
the retention of small but significant 
quantities of hydrogen in the cellulose at 
very low doses 

The results obtamed are shown in 
Tables 1 and 2, while Fig 1 shows yield 
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Fig 1 (a) Total gas yield as a function of radiation dose (mset expands 

the scale at low doses); (b) carbon monoxide yield as a function of 

radiation dose , (c) carbon dioxide yleld as a function of radiation dose 
In all cases the dose rate was 1 30+0 02 Mrads/min 


curves for hydrogen, carbon monoxide and carbon 
dioxide It ıs clear that the gas 1s almost entirely 
hydrogen, a result which 18 m conflict with the conclu- 
sion of other workers Fig 2 shows a plot of G value 
versus dose for total gas ( hydrogen), and 1t can be 
seen that the G value rises from near 2 at high doses to 
around 6 at 0 1 Mrads Both carbon monoxide and carbon 
dioxide are produced at an mereasing rate as the total dose 
increases This behaviour 1s typical of secondary products 
The mitial G values are 0-02 and 0 008 respectively From 
Table 2 ıt can be seen that a material of mass 34, which 
may well be hydrogen peroxide, ıs also produced but in 
very low yield with a G of about 0 001. 

In view of the much lower rate of production of carbon 
monoxide and carbon dioxide obtaimed in this work than 
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Fig 2  Gtotalgas (*@Ha to within experimental limits) as a function of radiation dose 
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m earher studies, a check was made on the effect of out- 
gassing. It was found that if 5 g of cellulose were packed 
mto a tube of about 15-ml capacity, evacuated to a 
pressure of 0-002 mm mercury at room temperature and 
sealed off, radiation to a dose of 47 8 Mrads gave a gas 
which was 82 per cent hydrogen, 5 per cent carbon 
monoxide and 13 per cent carbon dioxide This compares 
with an interpolated analysis of 98 6 per cont hydrogen, 
0 96 per cent carbon monoxide and 0 41 per cent carbon 
dioxide by our usual technique From this experiment 1t 
would appear that unless the outgassing of the cellulose is 
carried out rigorously a considerable amount of carbon 
monoxide and carbon dioxide may be formed by oxidative 
processes, and this may well explam the discrepancy 
between our results and those of earher workers There is 
also some indication that if the pressure of product gas 1s 
allowed to build up above the sample, carbon monoxide 
and carbon dioxide yields are affected somewhat, but 
this has not yet been mvestigated thoroughly 

The change in G value with dose ıs of considerable 
interest and could arise from several causes, three of the 
most hkely of which are outlined here 

(1) The existence of a small number of hydrolytically 
weak hnks m cellulcse has been debated for many years, 
such hnks, if also weak in radiolysis, would lead to the 
observed behaviour 

(2) Waite’ has shown that reactions m condensed 
phases may be partly or wholly diffusion controlled, and 
that ın such a case, though the rate may be expressed by a 
conventional ‘mass action’ equation, R = k(A)(B), the 
rate constant k is no longer a true constant but varies 
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with time In view of the complex nature of the degrada- 
tion of cellulose we may envisage several bi-molecular 
processes occurring and m so mgid a medium diffusion 
control is to be expected. If a repair mechanism behaved 
m this way, the G value versus dose curves could well 
have their observed form F 

(3) We have found by electron spm resonance investiga- 
tions that the concentration. of unpaired spins in cellulose 
irradiated under conditions identical to those used for the 
gas yield work mses to a maximum within 10 Mrads and 
then romains sensibly constant (This result is m agree- 
ment with @ more detailed examination of electron spin 
resonance of urradiated cellulose recently published’ ) This 
would suggest that radical—radical reactions are occurring 
at an mereasing rate during the early stages of irradiation, 
and if at least a proportion of such reactions remove hydro- 
gen atoms, then the observed behaviour would result 

It 18 not proposed to present a detailed theory of cellu- 
lose radiolysis, smce an exammation of the solid residues, 
which 1s at present bemg carried out, should enable this to 
be done more rehably In this connexion ıt ıs of interest 
to note that the G values for both chain breaks and acid 
production behave m a sumilar manner to the hydrogen 
yield and fall to a limiting value as the dose 1s increased 
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MECHANISM OF FORMATION OF EXCITED CN IN ATOMIC 
REACTIONS 


By Dr. D. W. SETSER* and Dr. B. A. THRUSH 


Department of Physical Chemistry, University of Cambridge 


ANY reactions mvolving free atoms yield excited 
species In general, electronically excited species 
are commonly formed 'm recombination reactions, whereas 
the excitation of molecules formed m transfer reactions 1s 
normally vibrational rather than electronic The follow- 
ing afterglow reactions are examples of recombinations 
which yield electronically excited species, active nitrogen 
from N+N (ref 1), NO emission from N -+O (ref 2), ar 
afterglow from O+NO (refs 3 and 4), sulphur dioxide 
afterglow from O0+S0O (refs. 5 and 6) and HNO emission 
from H-+NO (refs. 7 and 8). For some of these reactions, 
the radiating state does not correlate with ground-state 
atoms. In these cases, emission occurs from levels with 
energies below that corresponding to dissociation mto 
normal atoms, and there 1s evidence that, during recom- 
bmation, molecules are formed m excited electronic states 
which correlate with normal atoms and from which they 
can cross into the radiating state (this crossing 1s normally 
a radiationless process induced by collisions) It 1s to be 
expected that all the stable molecular states which can 
be formed from ground-state atoms will be populated 
when, such atoms recombine as, apart from states which 
correlate via an avoided crossing, the only energy barner 
to combmation 1s that due to rotation which 1s normally 
neghgible 
For diatomic molecules, the potential curves of excited 
states do not normally cross that of the ground state as 
the internuclear distance is mereased If potential 
surfaces for the atomic transfer reaction- 


- A+ BO=AB+C 
* Present address Department of Chemistry, Kansas State University 


are constructed by one of the normal methods®?, rb is 
found that the potential surface leading to an electronically 
excited state of AB hes above that leading to the ground 
state except where r(A — B) approaches infinity This 1s 
represented diagrammatically in Fig la, which shows that 
the reaction yielding eleotromeally excited AB would be 
expected to have a Ingher activation energy than that 
yielding AB ın its electronic ground state 

Such arguments should also apply to atom transfer 
reactions involving polyatomic species, and ıt has recently 
been shown!" that the transfer reaction 


NO + O, = NO, + O; 


has an activation energy of 2 5 keal/mole to yield ground- 
state NO, molecules and 4 2 kcal/mole for the formation of 
electronically excited NO, molecules which give the red 
emission characteristic of this reaction In fact, very 
few transfer reactions which yield electronically exerted 
species are known, and most exothermic transfer reactions 
which are known to produce excited products give mstead 
molecules in their electronic ground states with excess 
vibrational energy m the newly formed bond, for example, 
H + O, (ref 12), O + ClO,» NO, (ref 13), O + O, (ref 
14), H + Cl,, Br, (ref 15) The preferential formation of 
ground-state molecules 1s to be expected on the model 
given, but the presence of vibrational excitation 1s clearly 
a function of the shape of the potential surface near 
the saddle pomt and will not be discussed here 

A particularly mteresting case is the mechanism of CN 
chemuluminescence which is observed m many reactions 
between active nitrogen and substances contaming carbon 
The reaction of active nitrogen with halogenated methanes 
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has been investigated in detail by Broida et al,*-1”, who 
have shown that, in these systems, excited CN radicals 
are formed almost exclusively m the AI state (which 
emits the CN red system) in vibrational levels up to v’ = 
10 They also showed that the v’ = 0 level of the B?i+ 
state (which emuts the CN violet system) 1s populated by 
collision-induced transitions from the adjacent levels 
of the A*f] state**. Bayes'*, who also investigated CN red 
emission from reactions involving active nitrogen, used the 
notation P, for this distribution, which has 1ts maximum 
population at or near level v’ = 7 of the AIT state In 
the reaction of active nitrogen with HCN, CN, or CICN he 
observed a different distribution which he classed as P, 
and showed ıt was not formed by the relaxation of the 
P, distribution. 

We have recently made kinetic and spectroscopic 
investigations of these reactions and of the reaction of 
oxygen atoms with cyanogen, observing both CN red 
and violet systems m emission Our results confirm Bayes’s 
conclusion that the CN red emission from these reactions 
can be classified as two groups, P,(v’ = 3) and P,(v’ = 3) 
We further find that each of these groups 18 associated with 
a characteristic distribution m the CN violet emission, the 
P, distribution corresponding to level v’ = 0 of B?L* 
bemg predommantly populated as observed by Broida**-1# 
The P, distribution in the red system 1s accompanied by 
CN violet emission maimly from the higher levels of the 
B* + state, transitions from levels v’ = 5 and 6 and the 
headless bands just above them being the most intense, the 
‘tail’ bands are also observed decreasing m intensity from 
v = il tov’ = 15, whichis the highest level seen In our 
experiments this emission and the associated P, red 
distribution predominated m those reactions where the 
parent molecule contamed a CN group (that 1s, active 
nitrogen with HCN or C,N, and O + C,N,), while the 
P, emussion was dominant m the i1eaction of active nitro- 
gen with halo-methanes where the CN bond was formed 
ım the reaction The active nitrogen plus cyanogen 
chloride system showed both types of emission from both 
red and violet systems; this pomt is discussed later 

The excitation energies involved ın the CN violet 
emission which accompany the P, distribution are very 
high (133 keal/mole for the fairly promment v’ = 11 
level), and ıt 18 almost umpossible to find reactions which are 
sufficiently exothermic to produce ON radicals with these 
amounts of energy from the CN-contammg compounds 
used We therefore consider that these levels of the 
B’?X* state and the P, levels of the A*II state which accom- 
pany them are populated in collisions between. previously 
formed CN radicals and some excited species. This view 
is substantiated by the observation of NO emussion from 
levels v’ = 0 and 1 of the A?Z+ state and v’ = 0 of the 
BI] state when NO ıs mtroduced mto the O + CN, 
reaction showing that NO molecules are acquirmg up to 
133 keal/mole of energy in collisions with some species 
A simular experiment is not feasible for reactions involving 
active nitrogen owing to the rapidity of the reaction” 


The large excitation energies volved and the fact that 
both CN and NO have an unpaired electron, which could 
assist spin reversal m another molecule during a collision, 
suggest that the species by which thoy are excited 18 the 
metastable triplet state of N (£t) which has an energy 
of 142 kcal/mole This species 1s known to be present in 
active nitrogen*!, and there ıs good reason to believe that 
1t or CO molecules in the corresponding triplet state (*IT), 
which has an energy of 139 kcal/mole, are formed im the 
O + CN, reaction. The ratio of the CN violet emission 
intensity to the red P, emission mtensity showed some 
variation between different reactions suggesting that other 
species capable of exciting only the CN red system might 
be present. 

The reaction between active nitrogen and halomethanes 
where CN bonds aie formed during the reaction shows P, 
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emission as a well-defined flame.» For,;thig and other 
reasons, they are believed: to-be cham. reactrangtarid) the. 
observed products are explamed by.a generalized: dham 
mechanism of the type. r i 


i yr 


NS CX CON ae! * | 
X CX = 0X, EX, Me 
CN +CX,= CX, + XON 
N + CX, = XON + 2x 
X 4:0X,= Cx. +X, 
xX Cx = cr ax. 
N +CX,=ON +X, 
= XON + X 
N +CX =0N +X 


where X 1s H, Clor Br Although the heats of formation of 
some of the species involved are not known, 1t 1s probable 
that all the essential reactions are exothermic 1f the parent 
molecule is a partly or fully halogenated hydrocarbon. 

In this scheme, the last reaction is very exothermic. 
Accepting the lower of the two recently published values 
of D(C—N), that ıs, 174 keal/mole (refs 22 and 23), rather 
than 184 keal/mole (ref. 24), this reaction 1s 94 kcal/mole 
exothermic for X = H, at least 80 kcal/mole for X = Br 
(ref 25), and probably 80-90 kcal/mole exothermic for 
X=Cl, D(C—Cl) bemg unknown From previous 
observations ıt would be expected that this reaction would 
yield vibrationally rather than electromeally excited CN 
radicals, however, CN 1s a somewhat unusual species, m 
that the A?®II state crosses the ground state (X?Et) at 
an internuclear distance of 150A and hes below b for 
greater nuclear separations**, If potential surfaces are 
constructed for this reaction 


N+CX—-+>N—-—C-— X—-NC+4+X 


the surface leading to the A I state which emits the CN 
red system will he below that leading to the ground state 
where 7(C — N) > 1:504, as illustrated m Fig. 1b. The 
intersection of the A'I and X*2i+ states occurs at an 
energy of 60 kcal/mole corresponding to level v’ = 7 


(a) 


D(B-C) 


ee ee 
-e wee ee 


AB 


r(A-B) full curve 
reaction coordinate dotted 





r(C-N) full curve 


reaction coordinate dotted 
Fig 1 
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of the A'I state, ıt ıs therefore to be expected that CN 
radicals formed with energies close to or greater than this 
will be produced preferentially ın the AIT state which 
gives the CN red emission. This reaction provides a 
convinemng explanation of the P, distribution of the CN 
emission which has 1ts maxumum intensity at level v’ = 7 
of the 4°II state and extends up to level v’ = 10 corre- 
sponding to an excitation energy of 74 kcal/mole It also 
explains why the B+ state, which has 1ts outer limite at 
smaller internuclear distances than the A'M state”, 18 
populated from the latter state rather than directly 

In our experiments, the only other reaction which gave 
significant P, emission was that between active nitrogen. 
and cyanogen chloride. While this is a complex reaction 
giving surface deposits, the P, emission 1s explamed by 


the reactions 
N + NCO =N, + CCl 
N + OCI = NC* + Cl 


The first reaction 1s exothermic, whereas the corresponding 
step for HCN would be thermoneutral and probably has a 
large activation energy. 

Thus, the emission from high vibrational levels of CN 
violet systems including ‘tail’ bands and the associated 
P, red emission are believed to be due to collisional 
excitation of previously formed CN radicals By contrast, 
the P, emission 1s due to formation of electronically excited 
CN in A?II state m a highly exothermic transfer reaction 
The crossing of potential curves which makes the latter 
process possible is due to the configurations of the states 
involved, the ground state Xi is KK{og2s)*?(cu2s)? 
(xu2p)*(og2p), while the ATI state is . (nu2p)*(6g2p)* 
The promotion of an electron from the nu2p to the ag2p 
orbital mereases the bonding at greater imternuclear 
distances but decreases ıt at shorter distances?’ (the u 
and g notation can be used since the transition B —> A 
which 18 #X+,-—> "II, 18 not observed) ©, 1s another 
molecule in which excited electronic states cross the 
ground state at large internuclear distances, and a similar 
explanation may hold for the ‘high pressure’ bands from 
the, v’ = 6 level of the C, Swan system (IT, —> Mn) 
which can appear unaccompanied by other bands of C, 
under conditions when C atom concentrations are thought 
to be high**, It has been shown?’ that the recently dis- 
covered °2-, state of C, (ref 30) perturbs the v” = 6 level 
of the *II,state Itis likely that if C, molecules are formed 
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with the appropriate energy m a reaction mvolving C 
atoms, they would be formed preferentially ın the *2-, 
state (configuration . (7u2p)?(cg2p)"), which at these 
energies has its outer turning point at & greater mter- 
nuclear distance than to the ground state ... (mu2p)‘, 
13t, or the first excited state . (ru2p)3(og2p), II, of 
C, Thus the selective excitation of the ‘high pressure’ 
bands of C, would be associated with a high population 
of the *X-, state which has only been observed by the 
infra-red Evy —> IIu emision?’ 

We thank the National Science Foundation for a post- 
doctoral fellowship to one of us (D W 8) and the 
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ANOMALOUS BEHAVIOUR OF SOME AMINO-ACIDS AS ICE NUCLEATORS 
By N. BARTHAKUR and Dr. J MAYBANK 


Saskatchewan Research Council, Saskatoon, Canada 


OR a long time, certam inorganic compounds of hex- 
agonal structure with lattice parameters similar to 
those of ice have been known as good cloud-seeding 
materials Recent work has shown that a few crystalline 
organic substances will nucleate ico almost as effectively 
as silver iodide Power and Power! were first to determine 
the nucleating efficiency of some amino-acids which 
nucleate 1ce from supercooled vapours at threshold tem- 
peratures as high as —4 5° C However, ıt was Schaefer? 
who first found proteins to be good ice nucleators Head*-4 
has clarmed some steroids and «-phenazine to have excel- 
lent 1ce-nucleating properties. Mason and Fukuta’ have 
recently investigated more closely the epitaxial growth of 
1c6 On organic crystalline substrates and found several 
steroids to be the most effective substances, forming 1ce 
crystals at temperatures close to ~1° © Fukuta’ has 
recently found metaldehyde to have remarkable 1ce-, 
nucleation properties, producing ice crystals at tem- 
peratures as high as —0 4° C 


Several fundamental nucleation techniques were util- 
ized ın the present work to mvestigate more closely 
variations in the behaviour of some amino-acids as ice 
nucleators with the view of their practical utility as poten- 
tial cloud-seeding agents Followmg the technique of 
Mason and Maybank’, mixing cloud chamber tests were 
carried out using wire-supported supercooled soap films as 
detectors of 1ce crystals or active ice nuclei 

The appearance of one crystal m 10* particles was 
arbitrarily defined as the threshold for activity for each 
substance Each compound was tested for ice-nucleating 
abilty at —18° C, and then at successively Ingher tem- 
peratures to determine a threshold for their activity 
The relevant temperatures were measured within a 
centimetre of the film surface usmg a copper—constantan 
thermocouple No significant difference m results was 
obtamed by using as deteetors- dishes of supercooled 
sugar solution enclosed in a copper cylinder Supercooled 
sugar solution has an advantage over the soap film 
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technique due to the slower growth-rate of the ice 


As recent research has indicated the occurrence of some 
amino-acids in trace amounts in the atmosphere.®, some 
of these simpler, naturally occurring compounds were first 
tested for their activity. Peptides, which are polymers 
that contain only a small number of amino-acid units, 
were then selected for similar experiments. Table 1 gives 
the threshold temperatures for ice nucleation of those 
amino-acids and peptides found to be active at or above 
—10° C. The bulk water freezing temperatures were 
determined for these compounds by observing the freezing 
behaviour of millimetre-size water drops containing sus- 
pended particles of each test material. The mean super- 
cooling values so obtained are also listed in Table 1 in 
order of increasing activity. 


Table i 
Mixing Bulk 
Solubility chamber water 
Compound (2/100 g threshold freezing 
of water) temperature temperature 
(°C) (°C) 
L- Valine 5-36 at 20° C — 70 ~15-0 
b- Valine 9-15 at 163° © — GA — 44:5 
L-Tryptophan 1°14 at 28° C -O — 13-5 
pL- Tryptophan Slightly soluble 
in cold water ~ 10-0 ~412°5 
Glycine 25°3 at 25° C ~- LOG 12-0 
Glycy]-DiL-serine mem — 7-5 — Ft) 
L-Loucylglycine nena —6°5 — 60 
L-Isoleucine 4°12 at 25° C -Ü — 8-0 
D-lsoleucine 4-12 at 23° © me HH ~ 8-0 
L- Leucine 2°43 af 25° C — 50 —~ 30 
b- Leucine 2-02 af 19° C — 5-5 — ği 
L-Methionine te 5-0 ~~ 5-0 
b-Methionine peces ~p — HO 


Out of 40 amino-acids chosen for investigation, it was 
found that the racemic variety is generally less effective 
than the optically active type. p-Leucine and L-leucine 
nucleated ice at —55° C and ~5-0° C respectively. 
whereas pi-leucine gave a threshold temperature of 
— 120° C. Similar results are found for valine, isoleucine 
and tryptophan. Differently prepared samples of pL-leucine 
were tested for their activity and found to yield varying 
threshold temperatures. This might be due to the 
dependence of nucleating site density and crystal form 
on the method of preparation. 

Efficient cloud-seeding nuclei require stability in sun- 
light. Two-hour exposures to a 550-W mercury vapour 
lamp at 20 em or to strong sunlight produced no sig- 
nificant change in activity of the powdered samples. 

Table 1 shows, for the first five compounds, the dis- 
crepancy between the threshold temperature obtained 
from the freezing of supercooled water vapour and that 
of bulk water. This is particularly pronounced in L-valine, 
p-valine (each of which possessed a very well marked 
onset of activity in the mixing chamber) and L-trypto- 
phan. Maybank observed a similar effect in the case of 
_ three clay minerals, namely, gibbsite, kaolinite and 


-  vaterite, and concluded that the freezing ability of a 
>. particular nucleus is dependent on the manner in which 






it ig introduced into the supercooled water droplets, 

articularly if solubility is a factor. The discrepancy 

- with some of the amino-acids might be explained in a 
similar way. 





Serine, tyrosine, cysteine and threonine are all found 


tobe inactive, regardless of their stereoisomers. Several 

peptides such as pi-phenylalanylglycine and glycyl-L- 
leucine were observed to have moderate threshold tem- 
peratures of —11° and — 12° C, respectively. Despite the 


fact that serine was ineffective, glycyl-pi-serine gave a 


- fairly consistent threshold temperature of —7-5° C. 
` Tt is interesting to note that glycine, alanine and other 
amino-acids have been recently reported to be synthesized 
in the laboratory by irradiating simpler compounds". It 
_ is suggested that amino-acids, the origin of which in the 
atmosphere, rain and snow is yet unknown, might be 
synthesized by radiation and by lightning discharge, thus 








oo influencing the precipitation mechanism by the formation 


-of additional ice nuclei. 
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Fig, 1. Pseudo-hexagonal ice erystals growing preferentially on the 


steps of a U-leucine subatrate at ~15° C, {xe 190) 





Sees 


Oriented ice erystals on D-valine at —15° C showing preferential. . 
nucleation at shrinkage cracks, (x e, 470) 


Fig. 2. 

Epitaxial growth of ice on amino-acid substrates was 
investigated in the microscope cold-stage and is illus- 
trated by the photo-micrographs in Figs. 1 and 2. Ice 
crystals were found to grow preferentially on the steps 
and shrinkage cracks of the organic substrates. Certain 
crystals showing many active sites were taken for close 
observation. Ice crystals appeared and grew usually only 
on a few active sites, leaving the other sites free of ice, 
By varying supersaturation and temperature, no difference 
in behaviour was observed. By repeatedly growing and 
melting ice on the substrate, under apparently identical 
conditions, the sites previously active became less and 
less so, while other sites gradually became nucleating 
centres. Decreasing activation might result from the fact 
that many amino-acids are soluble in water, although, in 
some cases only with difficulty in cold water; so during — 
the process of repeated growth and evaporation of the” 
ice crystals on the substrate the active sites were simply 
being destroyed by water solvation. 

Experiments conducted to ascertain whether certain 
particles act as sublimation or freezing nuclei produced 
inconclusive results. In the temperature range of 0° C to 
— 30° C, water vapour was always observed to condense 
on the substrate and then afterwards freeze. Below 
this temperature range, ib was found very difficult to 
decide whether water vapour was first condensed or not. 
Unlike mica!?, no part of any of numerous amino-acid 
crystals investigated was found to permit ice crystals to 
survive in an unsaturated atmosphere. This might be an 
indication that amino-acid crystals will not act as sub- 
limation nuclei. 

Nucleation has been shown to occur with compounds 
possessing —-OH, =O, —-NH, groups. Amino-acids fall 
into this category. Ice-nucleating ability of these organic 
substances is not yet well understood. From the investi- 
gation reported here, it does not appear to be closely 
related to their lattice geometry. Disregistry between 
various amino-acid nucleants and ice crystals is found 






to merat", r 
energy, between ‘the’ substrate elid he pale BS Gee, it 


ae be written as the sum of two terms: 
, Oe = Y + a (8 — £) 
<. -where y is an interaction term due to different bond type, 
- ghemistry, etc., and (8 — ¢) is a structural term, with 3 
the disregistry between the substrate and forming crystal 
oe on low-index planes of similar atomic arrangement. In 


(a — a) 
th 


this equation € = , where @, and a are the lattice 


d 
oos parameters of the nucleus in the strain-free and strained 
cooo gondition, respectively. Vonnegut? determined the value 
of g to be 180 ergs/em?. For amino-acid substrates, it 
=o eould be the first term y which plays the most important 

part. As was pointed out by Mason and Fukuta’, the 
Important factors determining the nucleating ability of 
these compounds are the presence and arrangement of 
hydrogen bonding groups on their surfaces. The exposure 

of different bonding groups at the steps and cracks might 
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RHEOLOGY OF DILUTE AQUEOUS SUSPENSIONS OF SOME 
REACTIVE SOLIDS 


By A. K. CHATTER]! and G. W. KAPSE 


Central Building Research Institute, Roorkee (U.P.) India 


E have made some rheological measurements of 

dilute aqueous suspensions of some solids which 

react with water (as lime, Portland cement and plaster of 

= Paris). It is found that, when the reaction occurs for 

_ & short time, the plastic viscosity of these suspensions 

{which are non-Newtonian in character) can be altered 

-to a large extent by accelerating or retarding the reaction 

rate of the material with water. Acceleration of the 

reaction increases the viscosity and its retardation has 
“the opposite effect. 

Results are explained on the assumption that reaction 
between these materials and water is a chemisorption 
process, In such a process the position of the bulk Fermi- 

devel. of the particles controls the coverage of chemi- 
sorbed molecules. Further, when the water molecules are 
==- adsorbed on the surface of the particles, they have their 
-= charged groups protruding outwards. These groups help 
to orient the water molecules in the region immediately 
Peete surrounding the particles, and the layers of water there 
gre stabilized. Acceleration of the reaction leads to 
3 stabilization of the structure of water in a larger volume 
than would have happened if the reaction were allowed 
| to proceed normally. Increased extent of stabilization of 
vater lattice may be responsible for enhanced. viscosity 
tthe reaction rate is augmented. When the reaction 
is lowered, the coverage being smaller than when the 
i ion rate was normal, the volume over which water 
ture gots stabilized is smaller than that which would 
X; en normal, and lowering of viscosity of the sus- 
nsion is observed. 
orslind’s view! about the viseosity of hydrogels 
to bo applicable in such dilute suspensions. 
ent view, in addition, stresses the importance of 
m of Fermi-level in the reacting particles, and 
led that the rheological properties of dilute 
is suspensions of solids, which react with water by 
hemi orption process when the reaction products are 
| Lin. sufficiently large quantities as to alter the 























‘Fermi-level of the particle i in susp ansion. 
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r structure, are governed by the position of the bulk E 


were prepared as follows: (a) Lime was obtained by heating « 
AnalaR calcium carbonate at 900°-1,000° © for 4 h; 
The mass obtained was powdered and sieved in B.8.300 
mesh and the portion passing was used in all subsequent 
operations. Portions of the powder thus obtained were 
heated separately with 0-1 per cent NiO and with I = — 
per cent ZnO at 800° C for 4 h. (b) Normal Portland = 
cement was sieved in B.8.300 mesh and the fraction < 
passing was used. (c) Plaster of Paris (CaSO,,1/2H.O) 
was prepared by heating CaSO,2H,O at 170°-180°C for 
lh. As a given material was drawn from the same lot 
and as no sintering could be detected on heating,  ž 
the specific surface area of the materials used in a parti- 
cular set of experiments was taken to have remained 
unaltered. | 
_ The rate of reaction of these materials with water was - 
changed as follows. (1) With lime: (i) for acceleration, =. 
(a) activated lime (heated with NiO) was taken; (b) 104 
per cent of sodium acetate (an accelerator) was mixed —__ 
with water; (ii) for retardation, (a) deactivated lime = = 
(heated with ZnO) was taken; (b) 0-5 per cent sucrose — 
(retarder) was mixed with water. (2) With cement: cs 
3 per cent CaCl, was. mixed with water for acceleration © 
and 0-9 per cent sucrose for retardation. (3) With plaster = 
of Paris: 0-118 per cent and 0-15 per cent borie acid = — 
were used as retarders and 0-148 per cent and 0-17. per. 
cent of KSO, were used as accelerators. Porcantagi 
are by weight of the material. 
Rheological measurements were carried out by i} 
multiple point method using a rotational viscosimet 
(MacMichael viscosimeter) in which only low. shear 
rates could be used. The speed of the rotating c 
varied from 5 to 40 revolutions per minute. The 
cup has an internal diameter of 2-50. em, and a bo 
diameter was selected for use. The bob was 3 
to a depth of 4-50 om in the dispersion u unde 
all Te per of Pari dipam | -Torsion > wire Nó: 28 
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taken as- lme, 4:1, cement, 33 1; and for plaster 
of Pans, 3: lI and 4 1. 

The material was dispersed by stirring ıt ın the required 
quantity of water or solution for 10 min, the temperature 
bemg maintamed between 26:5° C and 27° C The dis- 
persion was then quickly poured into the annular space 
between the cup and the bob of the viscosimeter, and 
measurement of deflexion was started at the lowest rate 
of rotation. The latter was raised to the next higher stage 
of choice and the deflexion noted This was contmued 
until the highest rate of rotation was reached. The 
deflexion with decreasing speed of rotation was then 
noted. The time taken to change from one rate of rotation 
to another was kept constant The entire measurement 
comprising both increase and decrease ın speed was com- 
pleted ın 2-5-2 75 min, and this time was kept similar m 
all the samples. 

Results are given ın Figs 1, 2, 3 and 4. As the rate of 
shear 1s proportional to the rate of rotation and the torque 
to the deflexion produced, the results are given as plots 
between rotation per mun and the deflextion. 

Fig 1 gives the results for lme. It will be seen that 
compared with the deflexions (at a given speed) for the 
suspension of normal lime (curve a), the defiexions for 
NiQ-treated hme suspension (curve b) and the suspension 
with accelerator (curve c) are greater and those for the sus- 
pension of lme treated with ZnO (curve d) and for the 
suspension of hme with retarder (curve e) are less. Fig 2 
shows the results of measurements on cement dispersions. 
Curve (a) gives the behaviour of normal Portland cement 
dispersed in water, curve (b) when an accelerator (CaCl,) 
has been added It 18 seen that the deflexion in this case 
18 less than that for normal cement When sucroso (a 
retarder) 1s added, at lower rates of rotation, the deflexion 
decreases, and at ngher rates the deflexion initially tends 
to equal and then to exceed the defiexion (curve c) found 
in dispersion of normal Portland cement Figs 3 and 4 
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Fig 1 Suspension of lime m water 
Curve (a) for normal hme, (5) for lme treated with N10, (c) for hme 
with sodium acetate (accelerator), (d) for hme treated with ZnO, 
(e) for lame with sucrose (retarder) 
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Fg 2 Suspension of cement in water 
Curve (a) for normal Portland cement, (b) with CaCl, (an accelerator), 
(c) with sucrose (a retarder) 
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Pig 8 Suspension of plaster of Paris ın water Mixing time, 1 min 
(a) Normal plaster of Paris, (b) with K450, 0 148 per cent (accelerator), 
(c) with boric acid 0 118 per cent (retarder) 
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Fig 4 Suspension of plaster of Paris in water Maxing time 10 min 
(a) Normal plaster of Paris, (b) with K,SO, 017 per cent (accelerator), 
(ce) with borie acid 0 15 per cent (retarder) 


show the results with dispersions of plaster of Paris. 
Curves (a) in these figures are for suspensions of plaster of 
Paris as such Curves (b) are for those suspensions in 
which accelerators were added and the curves (c) are for 
those ın which retarders were used A change m mixing 
tumes from 1 mn (Fig. 3) to 10 mm (Fig. 4) shows that 
with mereased mixing tıme the dispersion behaves as a 
dilatant when accelerator is used. 

The change in the deflexion produced in the solutions of 
chemicals, used as accelerator or retarder, compared with 
the deflexion produced with deionized distilled water 1s 
about 1 per cent 

When lime ıs heated with N10 and ZnO, the reactivity 
of lume so produced with water ıs enhanced or decreased 
respectively”, such treatment also raises or lowers the 
Fermi-level of lme? When lme is treated with M10, 
viscosity of the suspension mereases, and when it 18 
treated with ZnO the viscosity decreases Agam, when 
an accelerator (sodium acetate) ıs added viscosity m- 
cieases, and the reverse occurs with the addition of a 
retarder (sucrose) to the suspension Since a rise or fall 
m the Ferm1-level of lime crystal enhances or lowers the 
reactivity of lme with water, the function of agents 
which accelerate or retard the reaction between lme and 
water ıs probably to rase or lower the Fermi-level of 
lime crystal except where retardation 1s due to purely 
physical obstruction 

Coverage of adsorbed water molecules on the surface of 
hme (n-type semiconductor) ıs larger the higher its 
Fermi-level The reverse occurs when the Ferm:-level 1s 
lowered This adsorbed layer of water mfluences the 
molecules of water in wnmediate surroundings of the crystal 
to form stable layers with the molecules in them having 
some degree of onentation Wath larger coverage, the 
volume of the medium havmg stabilized water layer also 
increases, and retardation of reaction, which occurs 
through a lowermg of Fermi-level, results m a decrease of 
the volume having stabilized water layer Stabilization of 
larger volume water lattice mcreases the viscosity of the 


870 


suspension and a decrease m the volume of stabilized 
water lowers 1b. 

As the reaction 1s allowed to proceed only for a short 
while, the possibility of calc1um ions disturbing the water 
lattice 18 low. Thus, the result of these measurements 
on the lume—water suspensions represents the influence of 
rate of mteraction of the suspended hme with water on 
the viscosity of such suspensions 

When an accelerator (CaCl,) 1s used along with normal 
Portland cement the deflexion, at a given 1ate of revolu- 
tion, 18 reduced This may occur because of loosening of 
the water structure by chlorine ions? and also by removal 
of calcrum ions by the clinker crystals by adsorption 
The latter may occur through capture of ‘holes’ by the 
adsorbed ions from, the clmker mmerals on the same 
line as the adsorption of hme from aqueous solutions by 
FeO, (p-type reaction)’ Actual transfer may occur 
through (OH) groups associated with calcium ions As 
the chnker mmerals lose ‘holes’. the position of Fermi- 
level ın these crystals 1s raased and their reactivity with 
water 1s enhanced‘ in the same manner as the acceleration 
of setting of Portland cement occurs when chrysotile 
asbestos is present® Thus it appears that the acceleration 
of setting of cement (and the retardation, too) through 
chemical action may find explanation from the mstan- 
taneous position of the Fermi-level in the chnker minerals 
when these mmerals react with water Sucrose may retard 
the reaction between lime and water 1f the HO-—C—H 
groups in sucrose get adsorbed on the lime surface through 
an ‘acceptor’ type reaction Fermi-level ıs lowered and 
retardation of the reaction between lme and water 
becomes possible Among the chnker mmerals m Portland 
cement, as di- and trm-caleum silicate and tricalcium 
alummate, evidences are m favour of higher density of 
conduction electron in the latter two mimerals* With di- 
calcium silcate, then, the possibility of an ‘acceptor’ type 
reaction 18 less than with the other two mmerals, and 
hence the cause of retardation of setting of cement by 
sucrose may possibly be both physical and chemical 
Formation of a surface precipitate will mechanically 
hinder the reaction with water of di-calcrum silicate, 
while the reactions with tri-calci1um aluminate and silicate 
will be retarded by the chemisorption, process on the same 
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lines as m lıme This clarifies the views expressed regarding 
the mechanism of the action of sucrose as a retarder 
of the settmg process m Portland cement’ Observed 
lowering of viscosity of cement suspension on addition 
of sucrose at low speeds can then be explamed as 
due to both mechanical hindrance provided by the 
surface precipitates on di-calec1um silicate and chemi- 
sorption on others At higher speeds, precipitates (of 
sucrose) are thrown out, which goes mto the solution and 
enhances the viscosity due to 1ts own account? and also 
due to enhanced reaction rate 

For plaster of Paris, addition of an accelerator 
(K,50,) mereases the viscosity, while the effect of a 
retarder (boric acid) ıs to lower ıt These facts may also 
be explamed on the same principles, and on this basis the 
initial reaction between plaster of Paris and water should 
be considered as a sohd—liquid reaction This confirms the 
views of Hansen® 

The 1esults are thus explained on the assumption that 
the reaction between these materials and water 1s a chemi- 
sorption process A chemisorbed layer of water 1s respons- 
ible for the stabilization of water lattice The rheological 
property of the suspension will be governed by how far 
the absorbed layer of water 18 able to stabilize the water 
structure Incidentally, an explanation of the action of 
accelerators and retarders on setting of cement has been 
given on the basis of chemisorption of the rons added As 
these chemisorption processes are governed by the 
position of the Fermi-level in the suspended particle, the 
position of the Fermi-level in the solids 1s considered to be 
the factor controllmg the rheological behaviour of dilute 
suspensions of materials which react with water by the 
chemisorption process, as well as controlling the accelera- 
tion and retardation of the settmg process of cement. 
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ENHANCEMENT OF LIGHT OUTPUT FROM A SUPERNOVA 
By Dr S A. COLGATE 


Lawrence Radiation Laboratory, University of California, Livermore, California 


AND 


Dr. A G. W. CAMERON 


Goddard Institute for Space Studies, National Aeronautics and Space Administration, New York 


NTEREST has been aroused by the discovery that 
certam radio sources are associated with superluminous 

objects in distant galaxies In particular, the source 30 
273 1s 8-9 astronomical magnitudes brighter than a 
supernova explosion at the maximum of the hght curve}, 
and much of the emitted light appears to be synchrotron 
radiation? Occasional flares occur in the light curve of 
this object, during which an excess energy of ~ 2 x 104 
ergs/sec 18 emitted within an interval of 105—105 sec! 

Among suggestions which have recently been made to 
account for the large energy radiated by strong radio 
sources we may mention the following three 

(1) A chain reaction in a compact cluster of older stars 
m which one Type I supernova explosion triggers another? 

(2) Collective formation of a cluster of more massive 
stars with sumilar evolutionary time-scales, which results 
m numerous Type IT supernova explosions m a hmuited 
period of time* 


(3) Formation of a very massive star (10&-10® Mo) 
which umplodes, releasing a substantial fraction of ris rest- 
mass energy” 

We have investigated a possible mechanism within 
the framework of the second of the above theories which 
may be able to account for the mtense hght flashes 
observed in 3C 273 (ref 1) A normal Type IT supernova 
explosion would not be visible against the strong lght 
output from the 30C 273 object However, the energy in 
one of the hght flashes is the same order of magnitude as 
the expected kinetic energy ın the ejected envelope from 
a star of 10-100 M o which undergoes a Type IT supernova 
explosion If occasionally circumstellar gas of density 
~10-6 gicm® accumulates m a very compact cluster 
of massive stars, then the mteraction of the shock-ejected 
stellar envelope with such a gas could convert much of the 
kinetic energy into visible hight ın the required period 
of time The postulated gas density 1s much higher than 
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Integrating Microdensitometer 


The Barr & Stroud Integratmg Mucrodensitometer 
determmes the amount of stamed material, fre- 
quently DNA, ın a cell or nucleus by measuring light 
absorption By using refined techniques, including 
scanning and electronic integration, it produces 
extremely accurate results which can be used to 
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calculate the total amount of stained material present. 
It has already found application m many laboratories 
throughout the world. Write for pamphlet 1239c/N. 


Histogram of the absorbence of sixty isolated cells of rat liver, 
mostly lymg at the 2c value with a few at the 4c value Smear 
of cells was stained by the Feulgen method. 
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BY W. D. WRIGHT 


For the third edition of his now standard 
textbook, Professor Wright has revised the text 
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data for the 10-degree C | E. system of 

colour specification, The edition has some 
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normal interstellar gas densities, which assures us that 
this mechanism will have only a rare occurrence, but 1t 
would not be surprising to have such a density accumulate 
m & region such as that under discussion. 

The short time-scale of the hght flashes indicates that 
the energy must be released m a rather small volume of 
space Solar flares are believed to result from the annihile- 
tion of magnetic field energy ın the solar corona, they last 
for ~10° seconds The annihilation time varies as the 
square of the dimensions of the anmhilation region. The 
amount of energy released m a 3C 273 hght flash 1s so 
many orders of magnitude greater than that in a solar 
flare, and the duration 1s so httle greater that it is 
extremely unhkely that there is any sumilarirty m the 
processes It seems very unlikely that the lhght flash 
energy can be stored in space and released by any trigger- 
ing mechanism, such storage would have to exceed 200 
ergs/cm’ in the volume that could be illumimated by a hght 
pulse in 10° sec 

Our philosophy ın selecting the most likely origm of the 
hght flash has been to mmimuize the necessary energy 
content of the space withm which the hght flash 1s to be 
produced The followmg crude analysis mdicates that 
much.of the kinetic energy of a shock-ejected supernova 
envelope (from a Type II explosion) can be converted 
mto visible hght if a significant fraction of the envelope 
13 slowed by collision with circumstellar gases 

Massive stars are believed to undergo xmplosions, that 
mitiate Type II supernova explosions, when nuclear 
evolution has converted them cores to iron, and the temper- 
ature has risen sufficiently to start the endothermic 
conversion of the won to hellum? We have found that 
the implosion of the core continues until ordmary nuclear 
densities are somewhat exceeded’* ‘ In a recent theory 
by one of us’, the deposition m the envelope of the energy 
of the neutrmo flux from mverse $-decay ın the collapsing 
core permits a fraction (~ 10 per cent) of the rest mass of 
the core to be converted mto kmetic energy of expansion 
The core ıs that fraction of the star that collapses adiabati- 
cally and ın these calculations ıt has been ~ 20 per cent 
of the total mass Thus a total energy release of several 
solar rest masses (~ 3 x 1051 ergs) 1s predicted The tıme 
of this release (~ 10-°—10-? sec) 18 short enough so that a 
shock wave necessarily forms m the star external to the 
cole 

Initially the shock wave will not be strong enough either 
to 1everse the umplosion of the matter or to eject ıt from 
the gravitational potential However, as ıb proceeds 
outward ıt mcereases in strength both because of the density 
gradient and because of the additional neutrmo energy 
deposition At some pomt the shock becomes strong 
enough not only to reverse the smploding velocity but 
also to overcome the gravitational potential The matter 
corresponding to this pomt asymptotically approaches 
final velocity after leaving the star, but the shock strength 
which accelerated ıt corresponded to the gravitational 
energy per gram at the time of shock passage If nearly 
all the mass of the star 1s ejected, the mean energy of the 
shock becomes ~c?/50 erg/g The corresponding mean 
ejection velocity for the bulk of the mass of the star would 
be ti = 4 x 10° em/see Consequently, only a two-fold 
increase in the strength of the shock as ıb proceeds ın the 
density gradient of the envelope results in matter ejected 
with this velocity 

The mereasing strength of such a shock as ıt proceeds 
m the envelope has been previously calculated m detail? 
The resultmg velocity distribution in the non-relativistic 
region can be approximated by 





10 1/5 5 

Wm om ud M, , M £ M,{10 
where M 18s the integral mass external to the matter the 
velocity of which 18 u, and u 1s the mean velocity of 
ejection (4 x 10° em/sec for 100 solar masses) 


(1) 
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If circumstellar gas of low density p surrounds the 
supernova, then half the meident shock energy Mu?/2 
will be converted into heat ın a distance R, such that M = 
4rR'p/3, m a time + = R/3u sec The factor 3 in the 
denominator of the last expression makes allowance for 
the fact that most of the volume of the sphere 1s at a 
substantial fraction of R 

The heat deposited behind the shock may alternately 
be retained by the fluid or in the opposite mut may be 
completely radiated away If the heat 1s retamed, then 
in a spherically divergent flow the gas expands and the 
heat ıs converted mto kmetic energy, leaving only a small 
fraction to be radiated away when the expansion causes 
the gas to become transparent In the present problem 
we seek the opposite limit where the energy 1s radiated at 
the rate of deposition. Two conditions ensure this rapid 
radiation limit (1) At thermal equilibrium, the radiation 
energy density Q 1s larger than the particle energy density 
(2) The radiation mean free path (A) 1s larger than the 
particle thermal relaxation length (1) behind the shock 

The last condition ensures that the thermal energy 
gradient at the shock front 1s at least as steep as Q/d, and 
the first condition ensures that with this gradient the heat 
flow Qc/4 will be greater than the shock heating rate 
Q(us—uy), Where us 18 the shock velocity and uy 1s the fluid 
velocity behind the shock For us, uy < c 


Us — Uy yer 


Mahura 


Us “yl 


so that Qc/4 1s always greater than the shock heating rate 
We shall assume that thermodynamic equilibrium pre- 
vails, and then examime this requirement to find the 
conditions that optimize the visible radiant energy flux 
If we assume a uniform density distribution and a mass 
equal to the meident mass, the total radiation rate 
becomes 


Mu®/2 


(2) 


= (compression)-? 


which becomes as large as possible at the maximum 
ejected mass, M = M,/10, giving: 


3 
vite erg/sec (4) 


The maximum spectral fraction will be radiated m the 
visible when 3k2 = hv = 5 x 10- erg; or T = 1 eV 

The mıtıal density p, corresponding to this radiation rate 
is determined by 





Wemax = 015 


caT*/4 = pgu3/2 
or 
l1 1 x 10-474 
Po = Und (5) 
o 


The radius for equal mass at this density 1s determined 
by 
(6) 


Wimax = 0 033825717 ,7/27"4/3 erg/sec (7) 


Choosing T = 1 eV, u, = 4 x 10° cm/sec, and M, = 
100 Mo gives W: = 5 x 10** ergs/sec, mostly in the visible 
at aradus R = 3 x 10! em 

The assumption of equilibrium must be examined for 
these conditions 

In general, the 10n slowing-down path-length due to 
dynamic friction with the shocked plasma electrons 18 
small compared with the total gas thickness, provided 
the electron temperature is held below 5 keV by radiation 
Since the relative ion energy 1s 8 MeV, this condition 
requires that the electrons radiate at least 10° kT. 
However, either the electron temperature must be ın 
equilibrium with the radiation at a few eV, or low-energy 
(a few eV) bound—bound transitions must be available for 
non-equilibrium radiation as in the solar corona For the 
latter case to be effective, the high atomic number species 


4rR39,/3 = M,/10 
giving * 
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must not be completely stripped of bound electrons (three 
or more must remain bound) This latter condition for 
the carbon—nitrogen—oxygen group requires Te < 50 eV, 
so that again radiation in the visible requires a relatively 
low electron temperature One ıs forced to the conclusion 
that should the electron temperature rise above 100 eV 
behind the shock front, the visible radiation would become 
a small fraction of the total, and mdeed the remaimuing 
radiation process, bremsstrahlung with Compton scatter- 
ing, 18 small enough so that the electron temperature 
would run away to such a high value, > 10 keV, that the 
10n slowing-down length would become larger than the 
gas thickness, and no further shock would ocour. 

Therefore, we must demonstrate a self-consistent radia- 
tion loss rate large enough to mamtam a low electron 
temperature at the heatmg rate of the shock (equation 
(5) ) 

The collisional shock thickness 1s determmed by the 
dynamic friction between the electrons of the shocked 
plasma and the meident 10ns of the cold gas 

According to Spitzer, the energy loss time of a test 
charge of mass M and velocity u large compared with the 
thermal electron velocity of an 10on1zed plasma becomes 


u?’ M? 8 
% = (if/m)Snema'z? in A °. (8) 


For the low densrties involved, In A œ 20, and taking 
z = 2, = 1, the slowmg-down length becomes: 


L = tyu = 57 x 10-u4/n, om (9) 
or: 
L = 10-*°¢4/o, om (10) 
For the conditions of (6) and (7) this gives 
LIR = 45x 104 (11) 


which confirms that there 1s a small fractional shock 
thickness, provided the radiation cooling 1s adequate. 
The principal radiation loss from such a low-density 
plasma will occur due to the excitation of bound—bound 
transitions of the small fraction of high atomic number 
elements z > 3. If we assume an element composition 
similar to that of solar matter, then the CNO fraction, 
f = 10-3, becomes the dominant radiation source For 
transparent plasmas in the temperature range 5-50 eV, 
extensive studies of radiation loss from low-lying resonant 
transitions)?-15 show that the effects can. be approximated 
by an effective allowed transition of 10 eV with a cross- 
section of 10-15 cm? for each atom If the calculated 
radiation rate is then greater than the shock heating 
rate’, the electron temperature will fall to a low enough 
value so that the radiation rate is limited to partial 
blackbody radiation with a laiger fraction ım the visible 
The energy radiation rate becomes 


W = (volume) neni ove (hv) erg/sec (12) 


With the assumption that nearly all the internal energy 
18 radiated behind the shock, the shock compression would 
approach infinity However, an upper limit is determined 
by the shock thickness, since a thinner layer would be 
subject to Taylor imstability The compression then 
becomes R/Land the ‘transparent’ radiation rate becomes 


Wr = 4nRLf [6 x 10% (RIL) p}? ov (hy) erg/sec (13) 


Using condition (6), which maximizes the total available 
energy, and evaluating ov for 5 < Te < 50 eV as3 x 10-7 
om®/sec results in 
JMi’ 
Wr=27 x 10% T ergjsec (14) 
Comparing this with the energy generation rate of the 
shock (equation (4)) shows that for radu less than the 


maximum Fmax the resonant radiation can be greater 
than the shock rate Therefore, the stability condi- 
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tion for a radiation-cooled shock can be met and the 
maximum radius becomes. 


Rmax = 37 x 1026f1/M,1/2u-7/4 om 


which for f = 10-°, M, = 100 Mo, and u = 4 x 10°, gives 
Rmax = 37 x 10 om and a radiation rate of 5 x 104° 
ergs/sec 

At least 90 per cent of this radiation at the maxmum 
radius will be in the ultra-violet, but at smaller radu the 
electron temperature will be reduced and a larger fraction 
will be in the visible. Consequently, ıt appears feasible to 
radiate an amount of energy from a shell mteracting with 
circumstellar gas comparable with the amount measured 
by Smith and Hoffleit? 

In addition, it can be noted that the thickness of the 
required circumstellar gas is small enough (< 10 g/cm?) 
so that the cosmic ray spectrum that may be produced 
by the shocked outer layers of the supernova’? will be 
only slightly modified 

For general consistency, 1t 1s desirable to show that 
the model of a supernova explosion used here leads to the 
usual luminosity of a Type IT supernova at the maximum 
of the light curve, if there ıs no circumstellar gas present 
The absolute photographic luminosity of a Type IT super- 
nova at maximum 18 approximately —18 (ref 14) corre- 
sponding to an energy emission in the photographic wave- 
length range of shghtly less than 10% ergs/see We may 
estimate the hght emission from the expandmg envelope 
in a very crude way by considering the decrease in tempera- 
ture of the shock-heated envelope as ıt expands adiabat- 
cally, and by assummg that this temperature ıs also 
characteristic of the expanding envelope at optical depths 
near unity 

We have seen that the outermost layers of the pre- 
supernova are accelerated to near-relativistic velocities. 
Hence, after shock ejection, such layers will rapidly become 
optically thin while the temperature 1s very high. The 
bulk of the material ıs ejected at smaller velocities, and, 
as & result of the contraction of the mner parts of the pre- 
supernova, ıt will he inside a radius ~ 3 x 10° cm 
This material will be heated by the shock wave to tempera- 
tures ~ 4 x 10°°K (ref 8) The energy density of radia- 
tion will then considerably exceed the thermal kmetic 
energy of the matter, and so the adiabatic expansion will 
be approxmmately characterized by a ratio of specific 
heats y = 4/3 

Early in the expansion, kT'/3 > <hy> p, so that the 
luminosity La Tr*, where 7 is the radius of the envelope 
near optical depth umty We have T œ (density)*/8 œ r-} 
Hence Lar Later in the expansion, when kT/3 < <hv> ag, 
L becomes a sensitive function of T; at the least 
Lalor Hence it is evident that the maximum light 
emission occurs when T = 104°K ‘This will occur approx- 
imately for a radius r œ 3 x 10° (4 x 109/104) = 12 x 
10:5 oem Hence Lmas œ 4nr’%oT œ 10% ergs/sec There 
is great uncertainty m, this figure, but ıt 18 ın order-of- 
magnitude agreement with the observed luminosity 
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rrent~Voltage Relations for Mobility-controlled 
eaths; a Simple Method for Determining lon 
a Mobility 
RECENTLY, the constriction of fairly high pressure 
ischarges by applied radial electric fields has been 
observed by Kenty!, The discharges, which are very 
sensitive to electrostatic effects, are of the low current 
-diffuse type in which the ions disappear mainly by 
volume recombination®. For d.e. fields, annular rings are 
_ provided just inside the wall of the tube. The discharge 
_ can be greatly constricted by making these rings negative 
-to the discharge, while at the same time the positive ion 










: current per unit length can be measured. 
These observations can be understood in terms of the 
_ idea that when the wall is made highly negative a thick 
positive ion wall sheath is formed in which the current is 
due entirely to mobility flow. Since the thickness of the 
sheath can be measured quite easily by direct visual 
observations, and since almost all the applied voltage 
: appears across the sheath, it has been suggested! that the 
_ eonstriction effect might be used to measure ion mobilities 
_.. inaverysimple way. It is readily shown that the relation- 
ship between the wall current, J, and the voltage across 


AV = (Jj) Y | (1) 


where pis the mobility and g depends on. the sheath thick- 
ness and the size and geometry of the discharge. Hence, 
_. knowing the sheath thickness, essentially all one needs to 
determine the mobility is an ammeter and a voltmeter. 
- — In this communication we derive equation (1) and calculate 
_ g for sheaths of cylindrical and spherical symmetry. For 
_ comparison, we also include the plane-parallel case, which 

bas been treated by Cobine. = 7 
We assume that in the sheath: (1) only positive ions are 
present; (2) no production of ions occurs; (3) diffusion 
can be neglected; (4) the energy gained from the field in a 
. mean free path is negligible compared with the thermal 


ae energy of the ions; (5) at the inner edge of the sheath, 


which is somewhat diffuse in practice, the field is approxim- 
__ ately zero. Condition (2) will be fulfilled if photoelectric 
„and secondary emission at the negative (sheath causing) 
_ electrode are small, and if the voltage across the sheath is 
below that necessary for breakdown. The equations 


bo the sheath aro thon: 








= árg E (8) 







i ere 


is the potential, n, the ion density, j, the current 
h the ionie charge, and u, the mobility. These 
do not, of course, provide a good description of 
be low field region near the inner edge, since 
(1) and. (3) are obviously not valid there. 
ld rises very rapidly, however, this region is 
or thick sheaths the results are rather 


osition inner 
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spherical cases, respectively, by an index k = 0,1,2, we 

write: p T 
Je = 4nagrkjj] 

where, for each symmetry, r is the appropriate co 

and Jx is proportional to the appropriate wall curren 

is convenient to take: | | 2 rig ee 





to = (4r), a = 1/2, a, = T 


so that J, is the wall current per unit area of the p 
is the wall current per unit length of the eylinder, anc 
is the total wall current to the sphere. From equations (2) 
and (4), on making use of the fact that for the three 
geometries of interest v°V = r-td/dr(rkdV/dr), we then 
have simply: TETEE 






dJdr(tdVidr)* = (23e O 


Neglecting the field dependence of the mobility, this gives, - 
for the field: a a te $ e sited 3 


-AV dr = [2J ark] (k + arp er (raf P (8) 
and for the potential distribution: Ces 


VaV) = [Iarl + Donali fatra) 9) 





where the subscript s refers to values at the inner sheath — : - 
edge, and: OSS 


fele) = ic — 1) de/tk 
1 

F 

ee a 


coa 
































ee ae folz) = (2/3)(2— 13" (1l) 
Sa filz) = (2—1) — cos (e) (12) 
- Spherical: 
oe Fou) = z-z ee e” geja (2z E e 312) (23 — jy 
l + (32L + 31) F(p, k} — 2-3: E(@, k)] (13) 


where F(9,k) and E(g, k) are the incomplete elliptic 
integrals of the first and second kind, of modulus k = sin 
(1/12) and argument cos ọ = (gee — 1 + ga (3? + 1-2). 
For small z equation (13) reduces to fa ~ (2/31 {z — 1P”, 
in agreement with the result for plane-parallel geometry. 
For large z it becomes: 


fae) ~ 222 — BALL + AEE) ~ 2-3! 2H (k)] + 0) 

~ Dzi? — 224,227 3 (14) 
This approximation is accurate to within about 5 per cent 
atz = 3 and improves with increasing z. For intermediate 
values of z, f(z) is listed in Table 1. 


Table 1, POTENTIAL DISTRIBUTION IN SPHERICAL SHEATH 


g faiz) & fg {2) 
Tti 00335 PAi 0-689 
31:2 0877 22 754 
13 0150 23 {S18 
14 0-216 eik 0-880 
t5 GRA Ragi 942 
136 853 26 TOOS 
7 422 a7 LOGE 
13 490 TR 12131 
L9 0-657 20 1-179 
2) (624 ao) 1-236 


The functions fy’ (2) ave plotted in Fig. 1, which indicates 
the small extent. of the low field region, where the theory 
breaks down. The cylindrical case is of particular interest, 
because in this geometry the field is practically uniform 
~ across the entire sheath, so that the effect of neglecting the 
field dependence of the mobility is quite small, 

The foregoing theory has been used, together with data 

on a cylindrical xenon discharge, to measure the mobility 

of xenon ions'. Agreement with published mobilities is 

< gatisfactory, indicating that the foregomg conditions 1-5 

are sufficiently fulfilled. 

oes M. A. WEINSTEIN 
C. KENTY 


i General Electric Lamp Research Laboratory, 
Nela Park, Cleveland, Obio. 
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Thermal Dependence of the Absorption Band 

Edge in Zincblende-type Cadmium Sulphide 
= obtained in Pressure Experiments 

iscontinuity in the optical absorption edge shift 


of wurtzite-type cadmium sulphide (CdS-W) under a 











pressure of 27,000 kg/em*, reported in Edwards- 
- Drickamer’s experiments', was assumed as a phase tran- 


sition, essentially complete at about 40,000 kg/cm}, per- 
haps? due to the zincblende phase (CdS-Z). The high- 
pressure X-ray experiments recently carried out by 
Rooymans? in CdS-W under a pressure of 20,000 kg/em* 
have shown indeed a rocksalt-type structure (CdS—R) 
with a lattice constant, measured under } 











Cd8—#. 7 


ti nt, measured under pressure, of . 
a, = 5:30 Å and an X-ray density of 6-44 corresponding to ~ 
AV/V = ~25 per cent during the ‘tras ition CdS-W-> ne = 


with respect to 5070 A of the original CdS-W. According 

to a recent remark by Rooymans', the CdS-W after 

pressure treatment is mainly of the CdS-Z structure. 
This communication aims at reporting the pressure-. 


method used to prepare this unusual structural form of the A 
CdS semiconductor and its fundamental optical properties, pat 
that is, the value of the optical activation energy and its 
thermal dependence estimated from measurements on 


optical absorption-edge. The CdS-Z structural form has 


been prepared as a definite and separate phase by pressing, _ ; | 


under 40,000 kg/cm? at room-temperature, very fine ~ 
powder of CdS~W into tablets, the press form being simul- 
taneously evacuated. In pressing, uniform distribution 
of the material in press form received special attention. 
Samples, reddish in colour and glass-like after the first 
pressure treatment, became microcrystalline after a 
second treatment; the average crystal size increases after 
further pressure treatments of powdered material, and 
closely packed crystallites were visible under an ordinary 
microscope; the pyknometrical density of polycrystalline 
samples is found to be 4:10 g/em*. The removal of the 
pressure, after the first treatment of CdS-W powder, 





Pig, 1. Shift of the room-temperature absorption-band edge after 


Cas- (a) to CAS-Z (b) pressure transition. 
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systematically causes the breakdown of the sample con- 
tamed in a ring side the press form, this ıs due to the 
inc ease m volume durmg the transition from the high- 
pressure CdS—R to the normal-pressure CdS--Z phases 

Comparatively, Fig 1 shows the absorption spectra of 
CdS-W (a) and CdS-—Z polycrystalline sample (b) carried 
out at room-temperature on the specimen, ground and 
polished to a thickness of 03 mm. From these measure- 
ments we obtain, for the CdS~Z polycrystalline sample, a 
value of 2:10 + 001 eV at an absorption coefficient of 
25 x 10? cm}, m full agreement with the photoelectronic 
indication of a band gap of 2 1 eV recently reported by 
Lind and Bube’ for cubic cadmium sulphide powder 
prepared by thermal decomposition of cadmium methyl 
mereaptide According to our measurements, the CdS-Z 
form has an energy gap of 0 33 eV lower, at room-tempera- 
ture, than CdS~W , this 1s an interesting fact since CdS-W 
and CdS-Z are, from the point of view of energy, quite 
similar It should also be noted here that, for CdS~Z 
glassy specimens obtained after the first pressure treatment 
of CdS-W, the edge of the absorption band 1s situated at 
shghtly longer wave-lengths compared with CdS—Z poly- 
crystallime specimens This edge shift, which corresponds 
to a decrease ın the width of the forbidden ‘band in CdS-—Z 
glassy specimens, may be the result of a shght modifica- 
tion in the short-range order due to the glass formation” 

Fig 2 shows the plot of the absorption band edge as a 
function. of temperature m the range from liquid air to 
150° C; the wave-length of the edge 1s taken here as the 
pomt where the transmission 1s 0 5 per cent of 1ts value in 
the non-absorbing region dApm/dT presents two slopes 
m, the considered temperature range which corresponds 
to a shift of the band gap equal to —34 x 10-4 eV/°C in 
the range — 150° C to 20° C, and to —9 4 x 10-4 eV/°C 
between room-temperature and 150° C We believe that 
the possibilty of. transforming the hexagonal form 
(CdS-W) into the cubic form (CdS—Z) with a physical 
process—that 1s, without changing the nature and the con- 
centiation of mpurity atoms—offers a useful tool for 
studying the general properties of the CdS semiconductor 
depending on the long-range order, since the difference 
from CdS—-W and CdS-Z ıs of geometrical order rather 
than of structural 

We thank Prof Œ Frongia for advice, and Dr C 
Munton:1 for comments 
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Anomalous Electron Scattering in Dilute — 
Silver - Manganese Alloys and its Analogy with 
the Ramsauer Effect 


Ditute alloys of a transitional metal (for example, 
manganese) in a noble metal (for example, silver) exhibit 
anomalous properties at low temperatures Their elec- 
trical resistivity ın the neighbourhood of liquid hydrogen 
temperatures shows a mimimum, followed by a maximum 
at a still lower temperature: They exhibit a large 
negative (electrical as well as thermal) magneto-resis- 
tance»? Magnetic susceptibility measurements‘ suggest 
an antiferromagnetic transition with indications of 
‘parasitic’ ferromagnetism as well 
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The Lorenz parameter (ın a zero magnetic field) shows 
anomalous behaviour® at lquid hehum temperatures, 
‘dippmg’ below the normal Sommerfeld value En and 
tending to that value (Z,) at temperatures of about 1° K 
or below This is probably because the pseudo-Weiss 
internal field arising from the transition to ferro/antiferro- 
magnetism removes the spın degeneracy of the ground- 
state of the impurity (manganese) 10n The possibility of 
the manganese 10n occupying either of two (or more) 
closely spaced levels makes ıb possible for the conduction 
electrons to undergo ‘spin-fluppmg’ inelastic collisions*.? 
with it, besides the normal elastic collisions. Since it 1s ' 
well known that elastic small-angle scattermg can, by 
virtue of electron transitions ‘vertical’ with respect to the 
Fermi surface, contribute considerably more to the 
thermal resistivity than to the electrical resistivity (while 
large-angle umpurity scattermg, even 1f inelastic, would, to 
quote Ziman® “merely turn a hot electron going east 
into a cold electron going west and thus has little effect on 
the heat current’’), this mechanism seems to explain the 
dipping of the Lorenz parameter below the Sommerfeld 
value The fact that, close to absolute zero, the Lorenz 
parameter approaches the value Lp is also understand- 
able since such an inelastic scattermg could not occur at 
absolute zero of temperature Scattermg which would 
involve loss of energy by the electron 1s not permitted 
since there are no lower electronic states available for 1t, 
scattermg which would involve gain of energy by the 
electron is also not possible since there are no 1ons in the 
excited states at 0° K to transfer energy to the electron 

One would wonder whether, apart from this mdurect 
evidence based on a dipping Lorenz parameter, there ıs 
any other evidence pointing to the possibilty of the 
inelastic electron scattering taking place appreciably at 
small angles Let us consider, for example, the anomalous 
scattering of slow electrons by rare gas atoms Linde’ has 
directed attention to the close sumuarnty between the 
anomalous scattering of conduction electrons at low 
temperatures, due to magnetic impurities in noble metals 
and the anomalous seattermg of electrons (having kinetic 
energies m the neighbourhood of the usual Fermi energies) 
by rare gas atoms, the so-called Ramsauer-Townsend 
effect! 

Firstly, anomalous electrical resistivity behaviour 1s 
exhibited m a noble metal contamimg small amounts of 
metals like chromium and manganese which, in the gaseous 
state as well as m dilute solution", have an electron con- 
figuration rather simular to that of a rare gas 

Secondly, in the case of inelastic collisions of electrons 
with helium atoms, for example, it 1s found that, at small 
angles, inelastic scattermg considerably exceeds the elastic 
scattermg but drops below it at larger angles If, in 
particular, the electrons are slow, electron exchange 
becomes significant and the experimentally observed!* 
large scattering at small angles may be due to polarization 
effects caused by the interaction of the inelastic and the 
elastically scattered electron waves!® 

The anomalously high (‘giant’) thermo-electric power ın 
these dilute alloys at low temperatures is thought to 
occur if, besides the asymmetry of the melastıe scattering 
about the Fermi energy of the solvent metal, two criteria 
are satisfied!‘ (1) the relaxation time for elastic scattering 
of the conduction electrons 1s spin-dependent, (2) there 1s 
appreciable, but not over-riding, elastic scattermg of the 
conduction electrons by the magnetic impurity 1ons 

The former criterion 18 also necessary to account for the 
negative (electrical as well as thermal) magneto-resistance, 
the magnitude of which correlates with the square of the 
magnetization of these alloys But itis the latter criterion 
which ıs very significant m the present context elastic 
scattering should also be present to a significant extent 
In fact, the giant thermo-electric power 1s considered to be 
a consequence of ‘mutual electron drag’ arising from the 
interaction of the melastic and the elastically scattered 
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electrons, which agam conforms to the explanation given?’ 
for the large small-angle scattering of electrons by the 
helium atoms 
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Interdiffusion Method for the Preparation of 
Single Crystals of Certain Hydroxides and 
Basic Salts 


SINGLE crystals of msoluble compounds have been 
grown! by means of slow mterdiffusion of solutions con- 
tamung the constituent ions or molecules By making use 
of ammonia is one of two vertically mterdiffusing solu- 
tions, I have grown single erystals, with dimensions rang- 
ing from a few tenths of a mm to a few mm, of the hydrox- 
ide, the basic nitrates and a basic sulphate, a3 well as the 
isomorphous basic selenate, of cadmium. Likewise single 
crystals of some of the correspondmg compounds of 
divalent manganese and cobalt have been prepared 

Cadmium hydroxide was made m the followmg way 
By means of a pipette, a 05 M solution of cadmium 
nitrate was carefully introduced at the bottom of a 200-ml 
beaker previously three-fourths filled with distilled water 
The beaker was placed in a desiccator together with a 
second beaker contaming 3 M ammonia After a few days 
many crystals appeared in a ring-shaped zone about 1 em 
wide at some intermediate level on the wall of the first 
beaker Thm hexagonal platelets formed m the upper 
part of the zone and large hexagonal prisms m the lower 
part Sometimes needle-shaped crystals of a basic nitrate 
appeared below the zone of hydroxmde crystals By 
gradually mecreasmg tbe imutial concentration of the 
cadmium nitrate solution I obtamed single crystals of 
two more basic nitrates 

The other compounds already mentioned were obtained 
with the same or a slightly modified technique Some 
basic salts, for example, were best obtamed when the first 
beaker was filled with a smgle homogeneous solution No 
systematic attempts were made to establish optimal grow- 
ing conditions for any of the crystals 

In contrast to most other diffusion methods, this 
process requires only a few days’ time and can be carned 
out in a small beaker There ıs no need for taking 
rigorous precautions agaist shocks and vibrations, tem- 
perature fluctuations, etc It would seem that this 1s due 
to the use of ammonia, which 18 a weak base and which, 
furthermore, forms complex 10ons with the metal ons 
The complex formation causes an apparent increase in the 
solubility of the products This increase ultimately led 
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to the dissolution of all crystals already formed if the 
process was not stopped m time 

Hydroxides were obtamed fiom solutions of the 
nitrates but not from other salt solutions For cadmium 
this may be traced to the fact that the concentration of 
the nitrate solution, which 1s m equilibrium with both 
the hydroxide and the basie salt, 1s relatively high’. 

I have determmed the lattice parameters of all com- 
pounds obtained and the structures of some of them are 
bemg exammed Although several of the basic salts seem 
to be new, others were obtamed and examined before by 
Feitknecht?? in his work on basic salts 

This method may also apply to hydroxides and basic 
salts of such metals as lead, zine, copper and certain 
trivalent metals 

Y M pe HAAN 
Laboratorium voor Technische Natuurkunde, 
Techmsche Hogeschool, 
Delft, The Netherlands 
1 Smakula, A , Zankristalle, 148 (Springer-Verlag, 1962) 
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Superlattice Structure in Ga2Te; 


Many AW,BYI, compounds crystallize in structures 
based on zincblende or wurtzite Because of the unequal 
atomic concentrations of the components, some lattice 
sites which are occupied in zincblende and wurtzite are 
vacant m these compounds ‘The original work on these 
compounds showed only crystal structures with a random 
distribution of the vacancies’? Later, superlattice 
structures were observed for Ga,S, (refs 3 and 4), In,Te, 
(ref 5), and In,Ses (ref 6) No superlattice for Ga,Te, 
has previously been reported 

In order to be able to observe a superlattice m Ga,Te,, 
it was decided to form the compound at as low a tem- 
perature as practicable Reference to the phase diagram’ 
shows a compound GaTe,, with a peritectic decomposition 
at 429°C, A mixture of 77-5 at per cent tellurium 22:5 at 
per cent gallium was heated to 450° C (at which tempera- 
ture it 1s liquid) in a sealed, evacuated, silica tube The 
temperature at one end of the tube was then lowered by 
5°-10° C for 5 days, and tellurrum distilled off X-ray 
powder patterns from the residue were obtaimed in an 
11 46 cm diameter Debye-Scherrer camera, using copper 
Ka-radiation 

Seven hnes were found which could not be indexed on 
the zincblende unit cell, contaming 4/3 molecules of 
Ga,Te, with random vacancies If one of these 1s ascribed 
to the strong hne of tellurium, the remainder can be 
indexed on the basis of an orthorhombic unit cell, with the 
followimg lattice constants- a=41, A, b=236, A; c= 
125, A If the lattice constant of the zincblende cell is 
written as a,, then these are related to a, as follows- 
Ga=d,/4/2 b= 4a, c=3a./4/2 By comparison with the 
zineblende cell, the orthorhombic umt cell contains 8 
molecules of Ga,Te, From the occurrence of a (070) 
reflexion, the space group must be primitive Assuming 


that the pomt group ıs a sub-group of 43m (the pomt 
group of zincblende) leaves 8 space groups, from which no 
further selection can be made 
P C. NEWMAN 
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Stability and Vaporization Behaviour of 
Group IV-VI Transition Metal Monophosphides 


THE vaporization properties of Group IV-VI transition 
metal monophosphides were mvestigated ın order to 
obtain knowledge of their thermodynamic stability and of 
the possible existence of bmary gaseous molecules 
between phosphorus and the respective transition metal 
For this purpose, a Knudsen effusion—mass spectrometer 
assembly similar to that described by Chupke and 
Inghram* was used Included im the mvoestigation were 
the monophosphides of titanium, zirconium, hafnium, 
mobium, tantalum, molybdenum and tungsten. 

The primary phosphorus species observed in the vapour 
above the condensed phase were P, P, and P, In the 
temperature range 1,000° — c 1,800° K, diatomic phos- 
phorus was the major species At higher temperatures 
monatome phosphorus also became an important vapour 
component Tetratomic phosphorus was, under all con- 
ditions, either a minor species or was not detectable In 
no case has a gaseous species contaiming both metal and 
phosphorus been observed. This has been checked 
especially for the monomeric monophosphides The con- 
centration of such species in the vapour phase at the 
temperatures and pressures investigated is at least 100- 
1,000 times less than that of the major vapour species 
With respect to the formation of binary gaseous molecules, 
the transition metal phosphides appear to behave simular 
to the corresponding mitrides for which no binary gaseous 
molecules have been observed 

All phosphides investigated vaporize accordmg to 
equation (1) by decomposition mto phosphorus vapour 
and a solid phase of lower phosphorus content 


2 MP.-3 = * MP,-3-2 + Ps 
T T 
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where 0 <2 < l-8 and z ıs either 1, 2 or 4, 318 approxim- 
ately 0 04 for TıP and NbP, and 0 08 for «-ZrP For the 
other phosphides 1t 1s apparently close to zero 

From X-ray diffraction analysis of the residue, 1b was 
found that the condensed phase of lower phosphorus 
content, which 1s in equilibrium with the monophosphide, 1s 
phosphorus-saturated tungsten metal and sub-phosphides 
of the composition MoP, , and TiP,, in the respective 
systems 

Analysis of the phosphorus 1on-intensity as a function of 
phosphorus content in the condensed phase at constant 
temperature indicates the presence of a homogeneity 
range for the TıP phase that extends between TıP, se~u 945 
at 1,700° K No indication for a homogeneity range was 
found for MoP, WP, and «-ZrP 

The 1on-intensities of P,+ were correlated to vapour 
pressures through silver calibration? The ratio in electron 
multipher efficiencies for P,+/Agt was 30 The ronization 
cross-sections for silver and monatomic phosphorus were 
obtained from Otvos and Stevenson? For the phosphorus 
dimer the value of 21 8 was estimated The possibility of 
a very low vaporization coefficient was not taken into 
account The P,-dissociation pressures obtained for the 
phosphorus-deficient boundary composition of the respec- 
tive phosphide as a function of temperature were used for 
the calculation of the partial molal free enthalpies of 
phosphorus dissociation, AG7[P.] The results are listed 
in Table 1 for 1,000° K, 1,500° K and 2,000° K Also 
included 1s the temperature-range over which the experi- 
mental pressure measurements were made For hafnum 
and tantalum monophosphides the determmation of the 
temperature-pressure relationship was complicated by the 
apparent presence of a diffusion barrier, and, in the case of 
tantalum monophosphide, by reaction of phosphorus 
vapour with the tantalum effusion cell From the possible 
observations it can be estimated that, at 2,000° K, the 
stabihty of tantalum monophosphide is comparable with 
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that of «-ZrP and the stability of hafnium monophosphide 
is considerably higher than that of «-ZrP and simular to 
that of thorium subphosphide (ThP, ;) (ref 4) and uranium 
monophosphide®. The results presented in Table 1 show 
that the stabilty of the monophosphides of group IV 
mereases markedly with atomic number The same 
appears to be the case for the group V monophosphides of 
mobium and tantalum, while for molybdenum and 
tungsten monophosphides the stability trend 1s reversed. 
Within @ period the stability decreases with atomic 


number This decrease 1s most pronounced in third 
transition period 
Table 1 ‘PARTIAL MOLAL FREE ENTHALPIES OF P,-DISSOCIATION FOR 
SELECTED TRANSITION METAL MONOPHOSPHIDES 
Temperatuie Z 
range of pressure AGT? [Pa] n keal/mole P, 
Compound aaen enny 1,000° K 1,500° K 2,000° K 
TiPs si 1,295-1,705 558 408 25 9 
ZrPo os 1,779-2,129 668 511 
NbP 4 os 1,200-1,450 554 340 12 7 
MoP 1,190-1,450 543 283 
WP 950-1,250 367 73 


A comparison of the stabihty of the groups IV-VI 
transition metal monophosphides with the corresponding 
nitrides is attempted on the basis of information reviewed 
by Storms* Such a comparison is only of relative sig- 
nificance for the groups IV and V compounds because of the 
strong dependence of the non-metal activity on the com- 
position im a given binary system, and the difficulty of 
comparing compounds of exactly the same stoichiometry 
For the groups IV and VI mtrides the family trends appear 
to be simular to those found for the correspondimg phos- 
phides, but are less pronounced The trends within a 
period are also in the sams direction as mdicated for the 
phosphides, but are considerably more pronounced Aso 
result, the group IV nitrides, especially titanium nitride, 
are of higher stability than the corresponding phosphides ; 
whereas the group V mononitrides appear to be some- 
what less stable and the group VI mononitrides signifi- 
cantly less stable than the corresponding monophosphides. 
The high thermodynamic stability of hafnium mono- 
phosphide, «-zirconi1um monophosphide and tantalum 
monophosphide, together with ther reported resistance to 
chemical attack, makes these compounds attractive for 
special high-temperature applications The rather low 
stability of WP and the non-existence of a lower tungsten 
phosphide above 1,000° C make tungsten metal a promis- 
ing oxygen-free contamer material for the more stable 
phosphides. 

I thank the National Bureau of Standards for the use of 
the mass spectrometer I also thank Dr J Efimenko for 
his help This work was supported by the US Atomic 
Energy Commussion 
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Molecular Orbital Theory and 
Experimentally Determined Energy-levels 


Ons of the more successful deseriptions of the electronic 
structure of aromatic hydrocarbons has been given by 
molecular orbital theory  Origmally formulated by 
Huckel!, ıt has been developed and modified by many 
different authors An account of the molecular orbital 
theory in its various forms has been given by Daudel, 
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Table 1. VALUES OF £ 


B (eV) Reference 
312 a 
3 00 b 
3 06 c 
31 a 
28 d 
0 87 e 
248 J 
2 318 g 


a, Lepley, A R ,J Amer Chem Soc , 84, 3577 (1962) 

b, Dewar, M J S and Lepley, A R,J Amer Chem Soc , 83, 4560 (1962) 
c, Dewar, M J S,and Rodger, H , J Amer Chem Soc , 84, 395 (1962) 

d, Mason, R , Brut J Cancer, 12, 49 (1958) 

e, Pauling, L , The Nature of the Chemical Bond (Oxford, 1960) 

f, Pariser, R, J Chem Phys ,24, 250 (1956) 

g, Ref 11 


Table 2 ENERGY-LEVELS OF POLYCYCLIC AROMATIC HYDROCARBONS (eY) 


I* tit 115Ẹ,* "Lat EA 

(1) Benzene 9 21 80 596 —043 
(2) Naphthalene 810 0 618 375 4 52 0 68 
(3) Anthracene 7 37 0 414 295 3 31 1 41 
(4) Tetracene 7 00 0 295 2 52 2 64 178 
(5) Phenanthrene 8 09 605 3 60 4 24 0 69 
8) 1 2 Benzanthracene 745 0 4525 302 3 45 133 
(7) Chrysene 7 80 0 520 3 38 3 88 0 98 
(8) Pyrene 7 55 04505 312 3 72 1 23 
(9) Triphenylene 8 09 0 684 3 69 412 0 69 
(10) 1 2 5 6 Dibenzanthracene 7 80 04735 311 3 55 0 98 
(11) 3 4 Benzpyrene 719 0 371 2 82 3 40 1 59 
(12) 1 2 7 8 Dibenzanthracene 7 68 04915 304 3 70 110 
aa) 1 2 Benzpyrene 7 56 0 497 317 3 74 1 22 
i 1 2 3 4 Dibenzanthracene 7 61 0 499 316 3 72 117 
(15) Picene 7 80 0 502 3 40 3 81 098 
(16) Perylene 7 03 03475 253 2 86 1 75 
(17) 1-2-4-5 Dibenzpyrene 727 04215 288 3 32 151 
(18) Coronene 7 44 0 54 3 01 3 621 1 34 
(19) Anthanthrene 7 00 0 291 — 2 34 178 
(20) 1 12 Benzperylene 7 35 0439 290 3 20 1 43 


* Compounds 1-18 ref 7 
results 


T Ref 9 


Compounds 19 ‘and 20 hitherto unpublished 


Moser and Lefebvre? There are two relationships given 
by molecular orbital theory which are of interest The 
first, concerning the ionization potential 7 of the molecule, 
18 


I=a+a48 (1) 


where « 1s the coulomb integral, B the exchange integral 
and v, ıs a number characteristic of the molecule 

The second ıs that the energy-levels s; of the ground- 
state molecule are symmetrical about « and have the 
form 


e= at zb (2) 


The energy difference between the highest filled and 
lowest unfilled orbitals of the molecule 1s 27:8 This 
figure has been taken to be the first singlet—singlet tran- 
sition of the molecule?! designated Ze m Platt’s notations, 
p ın Clar’s notation® In the simple molecular orbital 
theory, no account is taken of electron spin and the 
equating of 2a:8 to a term of definite spin multiplicity 
seems doubtful, and preferably one should take some 
averaged-out value over terms of different multiplicities 
Dewar? has suggested that as the lowest smglet—triplet 
transition Lea 18 directly proportional to !La the use of 
alf,aloneispermissible A. simple comparison of *L£, terms, 
designated 7’, in reference 7, with Lea terms givenin Table 
2 shows that there ıs no direct relationship between Ze 
and ‘La Values of B obtained by comparmg 22,8 with 
1La and other procedures are given in Table 1 

Ionization potentials have been evaluated‘ by using 
an expression similar to equation (1), namely 


I[=a-+bv (eV) (3) 


with a= 4 39, b=0 857 and v=1Zq. 

The value 4 39 1s the work function of graphite’, ‘the 
infinite condensed rmg molecule’. As the polycyclic 
aromatic hydrocarbons increase in size the ionization 
potentials decrease’ and it 1s to be expected that as the 
molecule increases to infinity, the 1onization potential 
decreases to 4 39 eV 
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An experimental correlation between the ionization 
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potential and the first excited state E, has been found 


by Birks and Slifkin’, namely, 
I=4 394+ 1-15H, (eV) (4) 


i T,+8 
where Æ, in the orginal paper was put equal to - S 





T18 the Lea level and S, ıs the Ly (ref 5) or « (ref 6) 
level This equation holds for eighteen aromatic hydro- 
carbons to better than 005 eV Equation (4) 1s similar 
in form to the Huckel_equations (1) and (3) 

It ıs apparent that Æ, or 1-15, ıs a better quantity to 
correlate with x: or 2:8 than 12, or any other state of 
definite spn multipheity In Figs 1 and 2 are shown 
plots of a; agaist ILa and x; against 1 15H, for 16 aro- 
matic hydrocarbons The hydrocarbons benzene, tri- 
phenylene and coronene have not been included in this 
plot as, being highly symmetrical, their energy-levels, as 
predicted by molecular orbital theory, are degenerate® 
The best straight nes for the two graphs were calculated 
by the method of least squares*-!, 12, and 1 15, being 
treated as the dependent variables The equation for the 
hnes in Fig 11s 


10g = 5 270, + 113 (eV) (5) 


The sum of the squares of the deviations from this line 
is 0 2347 eV?. Similar procedures have been applied 
by other authors to !La and x; (refs 9 and 11) The 
equation for the line in Fig 218 


1:15H;=4 31t: + 1 07 (eV) (6) 


The sum of the squares of the deviations 1s 0 1272 eV? 
Hence 2, correlates better with E, than with ‘Lg, 
Equations (6) and (4) give 


T=5 4644-312 (eV) (7) 


Thus Hedges and Matsen’st equation used to predict 
ionization potentials does not give correct results as, 
contrary to expectation, x; and Æ, or ILa do not approach 
zero together 

The values of\« and B obtained by comparmg equation (7) 
with the Huckel equation (1) are 5 46 (eV) and 2 155 (eV) 
respectively One explanation for the high value of œ 18 





2 3 4 5 
1La (eV) 
Fig 1 Plot of z, against !La 


No 4909 


November 30, 1963 





2 3 — 4 5 
115 E, (eV) = 
Fig 2 Plot of a; against 1 152, 


that as the hydrocarbon molecules increase ın size, the 
carbon-carbon separation incieases* and hence« decreases 
This value of «1s an averaged-out value for the relatively 
small hydrocarbons exammed The low value of B ob- 
tained ıs due to the positive mtercept on the a; axis 
The value of 8 also increases as the carbon-carbon distance 
decreases, therefore this value of B should be regarded as 
an averaged-out value for the sixteen hydiocarbons 
examined 

Another important energy-level of these molecules 1s 
the electron affimty Ea Molecular orbital theory‘ gives 
the relationship 


E=- np (8) 
By analogy with equation (4) we have 
Hy,=439—1 15H, (eV) (9a) 
or 
H,z=8 78—TI (eV) (9b) 


Values of the electron affinity derived ın this way are 
hsted in Table 2 No experimental values are available 
for comparison 
I thank the Department of Scientific and Industrial 
Research for a research fellowship held in the University 
of Manchester 
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Humidity and Photochemistry 


In the course of an investigation of the ultra-violet 
nradiation of solid films of uracil and thymme?, certain 
inconsistencies were observed in the irradiation of thymine 
films which were unexplainable at the time and therefore 
not repoited Information now available has led to an 
investigation of the influence of humidity, more properly 
the vapour pressure of water, on this photochemical 
reaction, and evidence is presented here that humidity 
is @ facto: in this reaction 

When a thin film of solid thymine or uracil was irradia- 
ted, thymine-dimer or uracil-dime1 was isolated! These 
dimers were found to be identical to those obtamed when 
frozen solutions were irradiated’? Thus, I proposed that 
muciocrystalline aggregates of solutes form when solutions 
are fiozen, and fiozen solution irradiation may be used 
as an efficient method for irradiation of solid! Stewart 
has presented evidence to support this hypothesis and 
has pointed out that two thymme molecules held in a 
favourable configuration readily undergo the photo- 
chemical formation of the drmer® 

Since thymine and uracil have absoibancy maxima 
in the 260~270 my. region and the dimers of these com- 
pounds have no absorbancy in this region except for end 
absorption, the decrease ın absorbancy was used as the 
criterion for dimerization It was found that irradiation 
of thin films of uracil resulted ın a constant decrease of 
the absorbancy after irradiation However, the results 
varied in the case of thymine films, the greatest deciease 
in the absorbancy of the spectrum was 55 per cent, but 
most of the time it was less and in a few instances there 
was no decrease at all This inconsistency was difficult 
to understand at that time 

The sti ucture of thymme monohydrate crystal has now 
been determined, and the stability of the ci ystalline struc- 
ture has been shown to be dependent on the water of 
crystallization When this water 1s removed, the frame- 
work of the crystal collapses‘ This information led to the 
suspicion that humidity may be the cause of the inconsis- 
tency ın the results obtained for the irradiation of thymine 
films Thymine monohydrate crystals as deserrbed would 
be most stable at high humidities and would provide 
the ideal packing favourable for photo-dimerization, 
but on the removal of water, which would occur when 
humidity is lowered, the packing would collapse and 
dimerization, would become difficult In order to test this 
possibility, irradiation of thymime films was carried out 
in & ‘constant humidity chamber’ A small desiccator 
was used for this purpose The opening of the hd was 
fitted with a two-hole rubber stopper through which was 
extended a thermometer (to permit a reading of the 
beaker temperature) and a model 11 SC-1 ‘Pen-Ray’ 
quaitz lamp (Ultra-violet Products, Inc, San Gabriel, 
Californa) The beaker contaming the thymine 
film to be irradiated was elevated to a height m the 
desiccator so that the tips of the lamp and thermometer 
extended down into the beaker approximately one inch 
from the film <A 100-ml beaker contaiming a constant 
humidity solution or phosphorus pentoxide was placed 
in the bottom of the desiccator and another small ther- 
mometer (to permit a reading of chamber temperature) 
was suspended to the side of this beaker through a rubber 
stopper fitted into the desiccator plate 

The thin films were prepared in 50-ml beakers A 
1 0-mi portion of a 1 mM methanolic solution of thymine 
was pipetted into the beaker, dried quickly on a heated 
hot plate, and placed in a constant humidity chamber over- 
mght A reference absorption spectrum was recorded of a 
solution prepared by dissolving one of the films in 10 0 ml. 
of distilled water Additional films were irradiated for 
certain time intervals and absorption spectra were 
recorded of solutions prepared by dissolving each of the 
irradiated films in 10 0 ml of distilled water. The differ- 
ence between the unirradiated and irradiated samples 
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70 Ox pH NH concentration of hydrogen ions up to about 
i H c =o HaC Y0 1 N the current caused by hght mereases, 
Hy? 20 i ‘ Hy—e? Nu further from there ıt begins to dmmish In 
ox CHa 0” 0 : hv ont CH3 0 H water-ethanole solutions of sulphure acid 
A sae N ——> HN N the photocurrent 1s smaller by about 1/2 than 

eae ~o Hse 0 Hy j0 Hae Oo on aqueous solutions 

N u” Ny NH Yà CH NH Qualtatively the same phenomenon was 
o= a fe) ` : N : observed with solutions of perchloric, hydro- 
HN H CH : chloric and acetic acids Besides the ap- 


indicates the percentage of dimerization. Table 1 shows 
the percentage of dimerization under various conditions 


Table 1 
Temperature (°C)* 
Time Humidity (%)* n 
(h) 98 71. 30 P,O; beaker chamber 
L 150 17 3 114 75 
2 310 309 210 163 40-44° 20~24° 
3 55 5 55 0 270 217 


* The constant humidity solutions were prepared according to the Hand- 
book of Chemistry and Physics, thirty-second ed (Chemical Rubber Publishmg 
Co , Cleveland, Ohio, 1950), CuSO, 5H,0, 98 per cent, NH,Br, 71 per cent, 
NaCl, 305 per cent Since humidity 1s related to temperature, both the 
a aos im the chamber and in the beaker contammg the thymine film 
were note 


These results indicate clearly that as the humidity 
mcreases there 1s greater photodimerization. This suggests 
that the water content of the crystals 1s influenced by 
the surrounding humidity and that the hydrated form, 
favoured at high humidity, 1s the more easily dimerized 
form Based on this, 1t 1s suggested that humidity should 
be taken into consideration for an intermolecular photo- 
reaction in crystals which contam water of crystalhza- 
tion 

This work was supported in part by contract AT(30-1)- 
2798 from the US Atomic Energy Commission and 
Research Career Development Award GM-K3-4134 
from the Division of General Medical Sciences, U S. 
Public Health Service 
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Photovoltaic Phenomena in Aqueous 
Solutions - 


Resvutts of our potentiometric measurements of the 
photovoltaic effect in the ultra-violet region on platmum 
and mercury electrodes in aqueous solutions of sulphuric 
acid, potassium hydroxide and potassium sulphate led us 
to the conclusion that the observed potential changes of 
the illummated electrode are caused by a competitive 
action of oxidizing and reducimg species formed in water 
under the incident hght 

A confirmation of this hypothesis has been found on 
examining the same solutions polarographically under 
constant irradiation by a high-pressure mercury lamp 
Whereas no observable change appears on polarographic 
curves of deaerated solutions of potassium hydroxide and 
potassium sulphate when exposed to hght, a rapid m- 
crease of current of the magmtude about 10-* amp (Fig 1) 
follows the illummation of the dropping mercury electrode 
m solutions of sulphunc acid On extimgushing the 
hght, the current falls back to its omginal value The 
production of current on exposure to hght begms to 
appear at potentials by about 0 6 V more positive than the 
rise of the reduction current due to electrolytic evolution 
of hydrogen, and ıt increases with mereasing negative 
potential of the dropping electrode With increasing 


pearance of this relatively small current on 

the foot of the wave the actual polarographic reduction 
wave of hydrogen ions 18 not affected by umuiation. 
There was found no effect whatever of ultra-violet light 
on the foot of the polarographic reduction waves of 
oxygen, Cd‘+, Zn?+ or Ni*+ ions. Nitrous oxide dissolved 
under atmospheric pressure stimulates the increase of 
current in acid solutions and introduces an identical 
effect in solutions of potassium sulphate and potassium 
hydroxide 

The described experimental results could be inter- 
proted on tho basis of the effect of the photosensitized 
decomposition of water on the electrode surface The 
metalhe atoms in the surface of the electrode excited 
by the ncident quanta of hght transfer energy to the 
adsorbed molecules of water. It can be assumed that 
the dissociation products of water, H and OH radicals, 
are also adsorbed at the electrode surface, and that 
ther heat of adsorption is greater than that of the 
water molecule In that case, quanta of lower energy 
than 118 kcal/mole (that ıs, hght of longer wave-length 
than 2422 A) can lead to sphttmg of the H-OH. bond in 
water (The potential changes ın all solutions and the 
production of photocurrent in acid solutions were observed 
to a small extent also with ultra-violet hght of à above 
3200 A.) The radicals formed recombine rapidly to water, 
molecular hydrogen or hydrogen peroxide The occur- 
rence of the reaction products at the electrode surface 
results in a change of potential of the mert electrode, the 
extent and the direction of which depend on experi- 
mental conditions However, the concentration of the 
electroactive species 1s not high enough to cause a measur- 
able polarographic current 

In solutions of acids the hydrogen ions adsorbed at the 
negatively charged electrode combined with photolytically 
generated hydrogen atoms to form H} By this reaction 
the equilibrium between decomposition of water and 
recombination of its radicals is disturbed, and the total 
reaction now results partly in formation of Hi and OH, 
which can both be reduced at the electrode in an extent 
sufficient to produce a polarographic current 

A simular mechanism occurs m the presence of N,O 
which turns hydrogen atoms mto OH radieals Alcohol, on 
the other hand, acts as a scavenger of H and OH, changing 


light off | 
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Fig 1 _Polarographic current ın deaerated 1 M H,SO, at constant 
potential —09 V (versus 1 M Hg,SO, electrode), illumination of the 
dropping electrodes by an ultra-violet lamp denoted by arrows 


`- 


November 30, 1963 


them into water or molecular hydrogen, -and thus sup- 
presses to a certain extent the production of current 
A photosensitized decomposition of water could well 
account for experimental results published by other 
authors on photovoltaic phenomena ım aqueous solu- 
tions!-§ as well as on the acceleration of elect: odeposition 
of hydrogen and oxygen by ultia-violet hght4-® 
M WHeEyRovsky 
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Effect of Geometrical Isomerism on the 
Behaviour of cis and trans Hexahydroindanes 
under Electron Impact 


RECENTLY! I reported observations on the behaviour 
of cos and trans decalines under electron impact It was 
shown that m these ionized stereoisomers an effect due 
to geometrical isomerism appears m two different ways 
First, mass spectra, although qualtatively identical, 
show important differences between relative abundances 
of several main fragment ions Relative abundances of 
molecular ions also differ and mdicate a greater stability 
of ionized trans isomer Secondly, from the point of view 
of energetics two results were obtamed (a) Ionization 
‘potentials measured for both isomers are the same, 
961+002 eV, withm experimental uncertainties (b) 
Appearance potentials of the two fragment ions first 
produced indicate that a lower energy ıs reqwred to 
dissociate 10n1zed c28 isomer into fragments 

All these results can be interpreted ın a satisfactory 
manner if it 1s noticed that the greater stability of ionized 
trans isomer parallels 1ts greater thermodynamic stability 
which represents about 3 kcal/mole (ref 2) An amount of 
energy of that order due to steric conformation 1s released 
ın czs decaline when fragmentation occurs 

I wondered if a sumilar behaviour could still be observed 
in & case where the difference of thermodynamic stabulty 
between cs and trans isomers 1s smaller—the czs and 
trans hexahydroindanes (bicyclo-0,3,4-nonanes) Thermo- 
dynamic stabihty of czs isomer 18 only 1 kcal/mole 
smaller than that of trans isomer? ` 

Similar experiments were performed on hexahydro- 
indanes as on decalines (a) Mass spectra were recorded 
for electron energies of a few volts above ionization 
potential, and relative abundances expressed as a fraction 
of total 1onic current were calculated (b) Ionization 
potentials of both isomers were determined as well as 
appearance potentials of the two main fragment ions, 
that 1s, C,H,,.+ and C,H,,+, mass numbers 96 and 82, 
which are formed m the simplest way as shown in the 
following scheme 


CyHi¢t =e C,Hy2+ F C-H, 

m/e 124 m/e 96 m/e 28 
and 

CHet =A Cs Hiot + C,H, 

m/e 124 m/e 82 mie 42 


Appearance potentials of three other important frag- 
ment ions, C,H,,+, C,H,+ and C,H,+, absent m mass 
spectra at 10 volts but present at 12 volts, have also been 
determined. 

Relative abundances of ions are given in Table 1 for 
12 and 10 volts electron energies 
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Table 1 MASS SPECTRA OF c1? AND trans HEXAHYDROINDANTS AT 12 AND 
10 V (PERCENTAGE OF TOTAL IONIC CURRENT) 


Jon formula CoH ist C,Hys* C,Hy;t C:Hio* C,H,t CHet C;H,+ 

Mass No 124 96 95 82 81 68 67 
cis isomer 199 318 23 £261 85 10 256 

oe 1somer 28 5 26 3 83 223 37 13 61 
cts 1s0MeT 48 7 23 1 — 28 2 — — — 
trans isomer 62 2 17 9 — 20 0 — — — 


The figures ın Table 1 show important differences 
between relative abundances of molecular ions and main 
fragment ions m evs and trans hexahydiomdanes and 
indicate a greater stability of trans isomer as ın tho caso of 
decalnes 

Table 2 gives results obtained for lonization potentials 
(IP) and appearance potentials (AP) m the two isomers 
under the same exper;mental conditions as for decalines 
Ionization efficiency curves have been treated by Wairen’s 
method4 


Table 2 IONIZATION POTENTIALS OF cts AND trans HEXAHYDROINDANES 
AND APPEARANCE POTENTIALS OF MAIN FRAGMENT IONS (eV) 


Formula and mass cis 1lsomer trans 1somer 
No of the lon 
TP(CyHygt) 124 1013 + 003 1018 + 003 
AP(C,H,3*) 96 10 96 + 003 1116 + 003 
APEH 95 1171 + 005 1180 + 005 
AP(C,H,,+ 82 10 79 + 003 11 00 + 002 
AP(C,H,t 81 1199 + 005 12 07 + 004 
AP(C;H,+) 67 12 21 + 005 1219 + 003 


From these results ıt turns out that, withm expermental 
error, 10nization potentials of cis and trans hexahydro- 
indanes are the same On the other hand, appearance 
potentials of the two principal fragment ions, C7H,,+ 
and CHo, are different, the values bemg smaller for the 
cvs isomer than for the trans isomer For the other frag- 
ment 1ons investigated, no difference between appearance 
potentials could be detected 

As a consequence, the behaviour of czs and trans 
hexahydromdanes under electron impact appears quite 
sunilar to that found ın czs and trans decalines Although 
the difference between thermodynamic stabilities 1s very 
small in this case, only about 0 05 eV, there 1s a noticeable 
difference between the stabilities of ionized molecules 
as well as m the energetics of further decomposition of 
both isomers 

The results recorded here can be imterpreted ın the 
folowmg way (a) Relative thermodynamic stabilities 
aie reflected ın the behaviour of 1onized isomers in the 
fundamental state (b) An amount of energy of 1 kcal/ 
mole provided by steric conformation 1s released in cas 
isomer when the molecule breaks down mto masses 96 
and 82, and used ın the breaking process 1tself 

Smmuilar cases of more complex systems are being 
investigated ın this laboratory I thank Prof L D’Or 
and the Fonds National de la Recherche Scientifique for 
advice and support P NATALIS 
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Hydrolysis of the Phosphorothioate lon 
catalysed by Silicone Grease 


WEEN preparing trisodium phosphorothioate from thio- 
phosphoryl chloride and sodium hydroxide at 80° accord- 
ing to Akerfeldt, ıt was observed that the yields became 
much smaller when the ground-glass joints of the apparatus 
used had been treated with silicone grease In fact, in_ 
some cases no trisodium phosphorothioate could be isolated 
from the reaction mixture In these mstances lıberal 
amounts of silicone grease had been used in lubricatmg 
the glass joints 

Thus ıt was observed that silicone grease in some way 
interfered with the reaction between thiophosphoryl 
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chloride and sodium hydroxide and/or caused a decom- 
position of the reaction product, the SPO,- 10n 

A closer examination of this phenomenon has now 
revealed that silicone grease 1s a catalyst of the hydrolysis 
of the phosphorothioate ion in strongly alkaline solution 

At 50° and m 1 M sodium hydroxide the rate of hydro- 
lysis constant of the phosphorothioate 10on was found to 
be 2 5 x 10-4 mm^, as measured in a carefully cleaned glass 
flask In the presence of 30 mg/100 ml of Dow Corning 
high vacuum silicone grease the rate of hydrolysis con- 
stant increased to 2 1 x 10° min“, that 1s, nearly nine times 
the value obtamed with a clean flask. The rates of hydro- 
lysis were followed by deterramation of liberated ortho- 
phosphate according to Gomor? 

It was further noticed that a strongly alkaline medium 
is necessary for silicone grease catalysed hydrolysis of the 
phosphorothioate 1on No catalysis ıs observed, for 
example, at pH 80 Thisis probably due to the fact that 
m strongly alkaline medium silicone grease does no longer 
adhere to the walls of the glass flask, but 1s emulsified ın the 
hquid, thus increasing the catalytic surface tremendously 

Mechanustically the hydrolysis of the phosphorothioate 
10n 1n alkalme medium 1s likely to be due to a water attack 
on that 1on®. The catalytic action of silicone grease may 
therefore involve activation of water molecules hydrogen 
bonded to the surface of the silicone grease. A simular 
water activation, caused by negatively charged oxygen 
atoms, 1s observed, for example, m the hydrolysis of certam 
S-substituted phosphorothioic acids*. Smr ÅKERFELDT 


Research Institute of National Defence, 
Department 1, 
Sundbyberg 4, Sweden. 
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identification of Organic Compounds from 
Food Odours by Pyrolysis 


Ix preparing the combined technique of pyrolysis and 
gas chromatography for the general purpose of identi- 
fication of compounds im food odours we now have carried 
out pyrolysis experiments using some aliphatic compounds 
as test substances In a previous note I reported the 
detection of the benzene ring m organic compounds by 
pyrolysis and gas chromatography’, using a Pye apparatus 
from which the argon detector was removed and replaced 
by a flame ionization detector followmg the method of 
Murray and Wilhams® A column carryimg 30 per cent 
‘Apiezon L’ on ‘Chromosorb W’ was used The quartz 
pyrolysis tube (length, 20 em, mner diam, 2 mm) was 
filled with ‘Chromosorb P’ over a length of 10 em and was 
connected to the top of the column Nitrogen was used 
as the carrier gas at a flow of 32 ml /mm 

50-5,000 ug of the compound in the vapour form and 
in the presence of a large excess of air was mnjected through 
the pyrolysis tube, which was heated to 600°C by an 
electric furnace 

The peaks of the pyrolysis products were characterized. 
using the Kovats index scale, because this index has been 
shown to benearly independent of experimental conditions® 

The gas chromatograph thus was used as a “poor man’s 
mass spectrometer”, as first suggested by Keulemans* 

Fig 1 illustrates the results obtamed in the pyrolysis 
of some C; straight chain compounds with one functional 
group 

It is seen that every compound shows a characteristic 
pyrolysis pattern The reproducibility of the pyrolysis 
patterns, obtaimed on repeated myections of the same 
compound, ıs good and elimimates the danger of mis- 
interpretation of the results for identification purposes 

For a tentative interpretation of these “pyrograms’’s 
use was made of the relation between boilmg pomt and 
Kovats mdex as reported elsewhere? 
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Fig 1 Results obtained m the pyrolysis of some ©, straight cham 
compounds. Abscissa, Kovats mdex umts Ordinate, relative peak area 
as percentage of mam peak 





The mam reaction during the pyrolysis of the alcohol 
seems to be removal of water from the molecule with the 
formation of the correspondmg olefine The pyrolysis 
of the acid results ın the formation of a C,-hydrocarbon 
by decarboxylation (mam peak at 404 mdex units) 

The carbon cham ın the amine, aldehyde and the ketone 
is completely disintegrated mto smaller fragments 

J H DEONT 
Central Institute for Nutrition and 
Food Research T N O , Utrecht. 
! Dhont, J H , Nature, 192, 747 (1961) 
2 Murray, W J, and Willams, A F, Analyst, 86, 849 (1961) 
2 Dhont, J H, Nature, 198, 990 (1963) 
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Effect of Reaction of Urea with Jute on the 
Photochemical Degradation of the Fibre 


In tho course of investigations carried out with the 
view of improving the resistance of jute fibre towards 
hght by chemical modification, ıt was observed that a 
remaikablo protection against degradation. of the fibre by 
light can be achieved by reacting the fibre with urea in 
presence of a catalyst at an elevated temperature 

Reaction of urea with cotton! has been shown to have 
no appreciable effect on the usual textile properties of the 
fibie In jute, however, marked changes ın both physical 
and chemical properties of the fibre are noticed, par- 
ticularly in the susceptibility of the fibre towards photo- 
chemical degradation Jute undergoes degradation under 
the influence of light at a much higher rate than other 
vegetable fibres? leading to loss m tensile strength, increase 
in alkali solubility ard fibre acidity, and a number of 
other changes in fibre properties?» Treatment with urea 
arrests these photochemical changes and this 1s illustrated 
by a set of experiments desciibed here with results shown 
in Table 1 
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Table 1 EFFECT OF LIGHT ON UREA-TREATED JUTE YARN 






Tensile strength (Ib ) 
Treatment 








content Before After Loss 

(%) exposure exposure (%)} 

Nil (original) 0 36 808 +021 | 603 +011 25 4 
Blank (heated at 

140° ©) — 799+ 019 § 36 +019 32 9 

Urea with catalyst 478 613 + 014 594 +015 31 

Urea without catalyst 2 54 618 + 02 487 + 020 212 


The treatment! was carried out on de-oiled samples of 
8 5-lb broad loom warp yarn of average null quahty The 
yarn was soaked m a 50 per cent (w/v) solution of urea 
contaming 1 0 per cent cupric chloride as catalyst for 1 h, 
squeezed and air dried A similar sample was also pre- 
pared without using the catalyst and the two samples, 
along with one untreated to serve as a blank, were placod 
in an air oven kept at 140° C After 2 h heatmg at this 
temperature, the samples were separately washed with 
four changes of boiling distilled water for a period of 25 min 
and air dried The three samples thus prepared were 
afterwards exposed in a fadeometer® along with a control, 
for 40h Tensile strength, solubility in 1 per cent sodium 
hydroxide and pH of aqueous extracts of the samples, 
both before and after ight exposure, were then determ- 
med and the results given m Table 1. 

The results show that under the conditions used 
for the reaction with urea, the nitrogen content of the 
fibre ıs raised from 0 36 per cent to £78 per cent and 2 54 
per cent, the figures corresponding to the presence or 
absence of catalyst respectively, with a simultaneous 
lowering of tensile strength by about 25 per cent After 
light exposure all the samples show appreciable reduction. 
in tensile strength varying from 21 to 33 per cent except 
that treated with urea ın presence of catalyst where the 
reduction m strength is only 3 per cent Consistent 
results are also obtained, in alkal solubility tests and the 
pH values of the aqueous extracts, which indicate that 
very little chemical changes have occurred during exposure 
of the fibre treated with urea in the presence of catalyst 
Moreover, during alkali boiling of the light-exposed por- 
tions the resistant fibre did not show any lintermg whereas 
the effect was well marked ın all the other samples® 

From the foregoing observations, it 1s evident that the 
photochemical] degradation of jute ıs appreciably checked 
by reacting the fibre with urea in the presence of cupric 
chlorjde as a catalyst In photochemical degradation of 
jute, the non-cellulosic components, particularly hgnin, 
play animportant part® The reaction with urea probably 
modifies the lignm, either through cross-linking or other- 
wise, as a result of which the photo-sensitive property of 
lignin 18 minimized, leading ultimately to higher stability 


of the fibre in light H P BHATTACHERIER 
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BIOCHEMISTRY 


Density Homogeneity and Estimated 
Molecular Weight of Interferon 


THIS communication presents evidence of the density 
homogeneity of chick embryo interferon and gives an 
estimate of ıts molecular weight as determined by equilib- 
num sedimentation m. a cæsium chloride density gradient 
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Before ex- After ex- Rise m Before After Decrease m 
posure (%) | posure (%) | solubility exposure | exposure | pH value 
131 241 
13 1 243 
26 8 299 
20 2 29 5 






Solubility in 1% NaOH pH of aqueous extract (10%) 





The source of mterferon was pooled allantoic fluids 
collected from 13-day-old chick embryos 3 days after 
infection, with the WS stram of influenza A virus: Crude 
interferon was prepared by centiifugation of allantoic 
fluid at 65,000g for 1 h and recentrifugation of the super- 
natant fwd at 100,000g for an additional hour This 
procedure freed the allantoic flmd of all hemagglutmin and. 
most of the infectious virus A similar crude interferon 
was concentrated and purified 10-fold (with respect to 
origmal protein, concentration) by chromatographic sepat - 
ation on & ‘Sephadex G—100’ column? Both the crude 
and partially purified preparations of mterferon were used 
in this work 

Interferon was assayed by a modification of the plaque- 
inhibition method described by Wagner! Monolayer 
cultures of chick embryo cells were exposed for 1 h to 
duutions of crude or partially purified mterferon or to 
fractions of these preparations collected after gradient 
centrifugation The cell‘layers were then mfected with 
an estumated 100 plaque-forming units of vesicular 
stomatitis virus and overlayered with nutrient agar con- 
tamimg neutral red Quantitation of interferon activity 
was based on percentage reduction m number of plaques 
appearmg durmg 44-48 h on interferon-treated monolayers 
compared with the number of plaques on simultaneously 
wnfected control monolayers The interferon content of 
each fraction collected after gradient centrifugation was 
calculated from a dose-response curve determined con- 
currently for the unspun mterferon 

Equilibrium sedimentation studies were performed as 
follows 5-ml samples of interferon were brought to a 
starting specific gravity of 1 31 by the addition of powdered 
cesium chloride The samples were centrifuged at 100,000g 
for 65 h m the swmgmg bucket rotor of a Spinco model L 
preparative ultracentrifuge Approximately 60 fractions 
were then collected from the bottom of each centrifuge 
tube After determmation of its specifie gravity, each 
fiaction was dialysed against phosphate-buffered saline 
to remove cæsium chloride and afterwards assayed for 
interferon 

The results obtamed with crude interferon, shown in 
Fig 1, mdicate that mterferon activity banded at an 
apparent effective density of 1 30 The mterferon appears 
to be homogeneous as evidenced from the Gaussian nature 
of its ‘distribution about its effective density (Fig 2) 
This graph was constructed by plottmg the natural 
logarithm of the concentration of mterferon against the 
square of the distance of each fraction from the region of 
maximum concentration of mterferon A Gaussian disti1- 
bution, when so transformed, will be hnear The experi- 
mental results show a high degree of correlation to the 
hnear regression line calculated by the method of least 
squares 

Meselson and Stahl’ showed that the standard deviation 
of the distribution curve for a given macromolecular 
species ın a linear density gradient 1s mversely proportional 
to the square root of the molecular weight of the maero- 
molecule The molecular weight may be calculated from 
the following equation 

o Rk T 
Mol wt = = 
(dp/dr,) . a? . 1. Y°? 


where p 18 the effective density of the macromolecule, R 1s 
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Fig 1 Distribution of mterferon after equilibrium sedimentation of 
a crude preparation m a cæmum chloride density gradient The con- 


centration of mterferon in each fraction 1s represented by the open 
circles The density gradient 1s represented by the diagonal line 
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Fig 2 Evidence for density homogeneity of crude mterferon ‘I'he 

natural logarithm (LN) of interferon concentration 1s plotted on the 

ordmatie against the square of the distance from the locus of maximum 

interferon concentration on the abscissa The regression line was cal- 
culated by the method of least squares 


ne 


the gas constant, T 1s temperature (° Kelvm), do/da 1s 
the slope of the density gradient, w 18 the angular velocity, 
7, 18 the distance from the centre of rotation to the locus of 
effective density and y ıs the standard deviation of the 
distribution curve of the macromolecule 

Using this formula and’substituting the experimentally 
determmed value of p (1 30) and y (0 45, the slope of the 
regression line ın Fig 2), a molecular weight of 25,000 for 
interferon was calculated 

Sumilar results were obtained by equilibrium sedimen- 
tation of a partially purified imterferon (Fig 3) The 
effective density of this material was 1 31 and its distribu- 
tion about 1ts effective density also appeared to be Gaussian 
as evidenced from the lmearity of its transformation (Fig 
4) The molecular weight of this partially purified mter- 
feron was calculated to be 34,000 

-This range of values for the molecular weight of chick 
embryo mterferon is m accord with values of 20,000- 
34,000 daltons determined by Lampson eż al‘ from sedi- 
mentation velocity mvestigations of a purified interferon 
from a virtually identical source Purification of mter- 
feron ıs not required by the method desenbed m this 


i 


NATURE 


t ` 


November 30, 1963 vor. 200 


f 






150 
1 40 

a 
g 
~_ 4 
Š 100 B 
5 130 È 
2 be 
& on 
© 2 
5 E 
5 A 
$ 2) 
= 50 
Pa 


0 5 10 15 20 25 30 


Fractions : 

Fig 3 Distribution of imterferon after equihbrum sedimentation 

of a partially purified preparation in cesium chloride density gradient 
Ses legend of Fig 1 
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Fig 4 Evidence for density homogeneity of partially purified mter- 
feron The method of plotting 1s identical with that of Fig 2 


communication Furthermore, smce each molecular 
weight calculation 1s determmed by a large number of 
assay pots, the eror introduced, by the relative lack of 
precision of interferon assay_18 mmimuized 

This work was supported m part by research grant 
AlI-05249-01, National Institutes of Health, US Public 
Health Service, and by a Pubhe Health Service research 
career programme award (K3-GM—10299) 

Note added n proof Smee this manuse1ipt was sub- 
mitted, Z Rotem and P A Charlwood (Nature, 198, 1066, 
1963) have determined the molecular weight of chick, 
mouse and monkey interferons by sedimentation m sucrose 
density gradients, in conjunction with proteins of known 
sedimentation properties They concluded that the sedi- 
mentation coefficients of the three mterferons wore very 
close to that of lysozyme (1 9 S), and estimated a molecular 
weight range of 13,000-—25,000 daltons 
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1 Cooked Foods — 
vey of the volatiles produced from a range of 
‘vegetables showed that both methanol and 
thyl sulphide were usually present as major com- 
ts; When a commercial sample of instant coffee 
r was examined, however, no methanol and only 
I amounts of dimethyl sulphide wero detected, 
yugh other common volatiles of low boiling point 
h are engendered from amino-acids* were con- 
iously present. It appeared likely, thereforo, that 
oth methanol and dimethyl sulphide were produced from 
egotables on cooking by some system which was not 
‘present. in the coffee powder. | 
< One obvious. possible origin of methanol is pectin, 
_ which was suggested as the source in tea*, although in 
_. this case it was believed to be produced by prior enzyme 
action (cf. ref. 4). We have now shown that when puri- 
-fied pectin preparations are boiled in phosphate buffer 
(8 mg/ml. 0-1 M, pH 6-5), they hydrolyse to yield methanol 
_ in comparable amounts as are formed from cooked vege- 
tables. Methyl esters of simple carboxylic acids are not 
hydrolysed to any detectable extent under these con- 
_ ditions, and it appears probable that most of the methanol 
observed from cooked foods arises from the non-enzymatic 
hydrolysis of pectin. : 
- Although dimethyl sulphide is known to be produced 
by heating a solution of methionine? either alone or in 
presence of sugars and other natural oxidants, the 
‘amounts formed are relatively small’. Obata and Mizu- 
-< tana}, however, reported that heating methionine in the 
presence of plant material known to contain pectin 
increased the yield of the sulphide. We have now shown 
that heating methionine and purified pectin at 100° in 
buffer solutions (pH. 6-5) at concentrations of 1-5 mg/ml. 
produces quantities of dimethyl sulphide together with 
dimethyl disulphide, methane thiol, acrolein and methanol, 
of the same order as obtained from certain cooked vege- 
tables, It appeared likely that dimethyl sulphide is pro- 
-< dueed by a mechanism similar to that suggested by 
Lavine et al.* for the reaction of methionine with methanol 
dn the presence of strong acids. However, the use of 
methanol alone, methanol. and galacturonic acid, or 
methyl esters of simple carboxylic acids instead of pectin 
failed to increase the amount of dimethyl sulphide pro- 
-o duced over that obtained from methionine alone. Methyl 
donors, such as choline and betaine, only showed trace 
-< activity. That pectin was acting as a methyl donor was 
c> ‘ghown by an examination of the decomposition of 
ethionine. When heated with ninhydrin®’ this com- 
-. pound gives mainly ethane thiol, but when pectin is 


present ethyl mothyl sulphide is also produced. The 























fluence of pH and other metabolites on the trans- 
lation reaction has ‘still to be examined. It appears 





















tically! or from other sources*, part at 
, comes from the reaction described, and this may 
be of importance in enhancing the flavour of manu- 






factured foods. — 
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Independence of the Formation of Extra- 

cellular Protease on the Amino-acid Level 
in the Cells of Bacillus megatherium 
SYNTHESIS of extracellular protease in micro-organisms 
is repressed in the presence of free amino-acids in the- 
medium!-*, However, the formation of. intracellular 
enzyme is not influenced by amino-acids. The quantitative 
relationship between the amount of amino-acids present 
in the medium, their level in the cells and inhibition of- 
enzyme formation was investigated during short-time 

incubation. | re eee j 

The culture grown up overnight on a so 
C/G* medium was intensively aerated for. 2 h 
liquid medium at 35° C. The cells (0°75 mg € 
were washed and incubated at 35° C in the C/ 


containing different amounts of casamino-acids and | 
calcium chloride (1 x 10-3 M) for the stabilization of the 
enzyme. After incubation for 1 h on a shaker (100 
strokes/min, amplitude 6 em) 100 ug/ml. of chlorampheni- 
col was added. The proteolytic activity was determined 
in supernatant after centrifugation of the cells. No 
accumulation of the enzyme occurred in the cells. during 
incubation with amino-acids. The free amino-acids were 
extracted from the washed cells by boiling for 20 min in 
the distilled water! and colorimetric determinations were: 
carried out? (Fig. 1). In some experiments the centrifuged - 
cells were not washed before boiling but the found amino- 

acid levels were almost identical. Baan ani 
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Fig. 1. 3 i 
and protease repression. Growing culture of D. megatherivum Was 
imeubated for 1 h on a shaker at 35° in synthetic medion (ref. 4) with 
Cat+ and the aforementioned concentration. of casamino-acids. "The: 
formation of enzyme was stopped by addition of chloramphenicol 


per cent; actinomycine D (2-5 pg/ml.) by 90-95 pe ; 
This shows that, under the conditions of the ie 
ments, the enzyme was synthesized and not o 
from the cells. The enzyme formation decreased logarith 
mically with the increasing amino-acid concentration in 
the medium. When the concentration of amino-acids was 
lower than 5 mg/ml., the repression approximated to 60 
per cent. During incubation of the cells in the mediunt 
containing less than 1 mg easamino-acids/ml. the amino- 
of the curve is, 
therefore, probably deformed in this region, — 
As is evident from the curve, there are two factors 
acting in the repression of protease formation by amino- 
acids, the nature of which is still unknown, = 00 
When the cells were incubated with 40 mg/ml. casamino- o 
acids, enzyme formation was decreased by 98 per cent, but — 


Chloramphenicol inhibited enzyme formation by 95-100. 












the amino-acid level in pool increased by 40 per cent 
‘only. When incubated with amino-acid concentration 


causing 70 per cent repression of protease, the content. of 


suggested 


cell metabolism will be supported’. 
-. It is possible to repress the protease 
formation in the synthetic medium by addi- 
tion of individual amino-acids. Our pre- 
liminary experiments give evidence that, for 
example, threonine might play an important 
part In enzyme repression. In 1 x 10-3 M 
concentration it inhibits protease formation 
by about 70 per cent, but it has no influence either on 
the activity of the enzyme or on incorporation of %S8- 
methionine into the cell proteins. 
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Changes in the Constitution of Myelin 
7 caused by lons 


= yan investigation of conditions which produce in vitro 
- changes of myelin similar to those which occur in Wallerian 
degeneration (with formation of ovoids and spheres) the 
tance of the presence of a sufficient amount of cal- 
in the medium became apparent. A similar observa- 
n was made years ago by Nageotte'. The effects of high 
entrations of calcium or of sodium ions on the con- 
stitution of myelin were therefore examined. Central and 
peripheral myelins homogenized with equal amounts of 
either 1M sodium chloride or 0-5 M calcium chloride were 
‘tracted by water or by chloroform/methanol (2 : 1) and 
-the extracts and residues were chemically analysed. Com- 
spe e experiments were performed by histochemical 
ees on teased and cryostat-sectioned fresh central and 
` peripheral nervous tissue. . 
foes 8 been found that in the presence of excess sodium 
+ chloride in the medium an ‘oil in water’ emulsion is 
- formed, in which the solubility characteristics of the drop- 
~- lets are determined by the polar ends of the phospholipids 
and proteins. In these circumstances, about 50 per cent 
_ of the cerebroside, of the phospholipids and of the 
































= cholesterol of myelin can be extracted by water together | 


with a part of the myelin protein and mucopolysaccharide. 
Myelin homogenized with calcium chloride breaks down 
into’a ‘water in oil’ emulsion in which the outer coat of 
the droplets is hydrophobic. Extraction of such an 
_ emulsion with water yielded some protein and poly- 
“ saccharide and only small amounts of the various lipids. 
The difference between treatment with sodium chloride 
and treatment with calcium chloride is schematically 
demonstrated in Fig. 1. The effect of the ions is obviously 





tee 





Fig. 1 


due to the fact that calcium salts of phospholipids are — 
more lipophilic, whereas the sodium compounds are more — 
hydrophilic and therefore more attracted into the aqueous 

hase*-4, | 

Full results regarding these experiments, including 
findings which bear on the problem of the chemical 
morphology of myelin, will be published elsewhere. It is 
the purpose of the present communication to show the, 
implications of these observations to a number of problems...” 

(1) The myelin sheath represents a cell membrane rolled 
on itself many times. It may be assumed that also in vivo 
ions and other factors capable of affecting the hydrophilia 
of polar lipids have a similar effect on the cell membrane 
and possibly also on membranes of various organelles to 
that which has been presently shown to occur in vitro in 
the myelin sheath. Bending of a phospholipid layer in 
the direction towards a ‘water in oil’ emulsion as shown 
in Fig. 2 (Ca) will produce an increased density of charges 
on the surface, an occurrence which might possibly be 
related to the phenomena of transmission of impulses. 
More marked bending over a large area of the membrane- 
may help to explain phenomena associated with phago- 
cytosis. A complete change of an area of a cell membrane. 
into an ‘oil in water’ emulsion as shown in Fig. 3 (Na) 
will produce aqueous channels through which the cyto- ne 
plasm communicates with the outside. . | oe 

In an equilibrated area the lipid and aqueous layers” 
are parallel and the inside of the cell does not communicate 
with the outside. Change into a ‘water in oil’ patter 
(Fig. 3, Ca) will increase the impermeability to. aqueous 
constituents, will render the wall more rigid and migt 
allow lipid-soluble substances to cross the cell wall. ; 

Recently, Luzzati and Husson’ and Stoeckenius* hav 
shown that emulsions of phospholipids in water assume — 
under certain conditions a hexagonal pattern instead of 









Sodium ~~ oil in water pattern Calcium —- water in oil pattern 








no. 4909 November 30, 1963 










a the lamellar arrangement. A similar pattern was shown 
by Dourmashkin, Dougherty and Harris’? and by Husson 
and Luzzati’ to be present in the walls of various cells 

and viruses which underwent certain treatments. The 

exagonal patterns described obviously represent ‘water 
in 2 ol? emulsion systems. 














Fig. 3 


(2) The lysosomes first described by De Duve are 
heterogeneous cellular organelles which behave like little 
bags which contain mainly hydrolytic enzymes with an 
acid pH optimum surrounded by a lipoproteic barrier 
which prevents free access of the respective substrates’. 
The lysosomes were considered to overlap in their char- 
acteristics mitochondria and microsomes*’. It is suggested 

that the lysosomes and the ‘smooth-surfaced vesicles’ are 
derived from the endoplasmic reticulum, and possibly also 
from the mitochondria or even the cell membrane, by a 
change of these structures into ‘water in oil’ systems in 
which the membrane is folded into a globular body sur- 
rounded by polar lipids with the hydrophilic groups 
directed inwards. Enzymes which are normally situated 
on the outer surface of membranes and which belong, 
therefore, to the spaces between cells or between the two 
layers of internal reticulum, are enclosed in bags made. by 
the inverted membranes. The enzymes may be regarded 
as belonging to the outer surface of cells and to spaces in 
<- gontinuity with this surface (to which the cavities between 
the layers of the endoplasmic reticulum and between the 
mitochondrial layers probably belong) which have been 
-artefactually or in vivo enclosed in bags mainly lined by 
the polar groups of phospholipids. 
This work was supported by grant No. 138 from the 
National Multiple Sclerosis Society, New York. 
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Preparation of Phosphatidylserine 


SEVERAL methods for the preparation?-* or qu antitative 
isolation? of phosphatidylserine are now in existe ice. An 
investigation of some of the factors involved in the É 
chromatography of phospholipids* revealed the role of 

+ ion exchange in the conversion of the. 
salt form to the acidie form of phosphatidyl- 











tion of this phenomenon, which was also 
indicated by experimental results published 
afterwards*, led to the development of a 
so-called silicic acid—‘Hyflo Super Cel’ 
column in the sodium form. These columns 
have been used successfully for the prepara- 
tion of phosphatidylserine of high purity 
from ox-brain. in conjunction with a short- 
ened version of the method of Folch’ for the 
isolation of phosphatidylserine-rich fractions. 

The columns were prepared by treating a 
mixture of silicic acid (Mallinekrodt, A.R., 
100 mesh) and ‘Hyflo Super Cel’ in the pro- 
portion of 2 : 
chloric acid (vol. in ml. equivalent to approx. 


after filtration on a Buchner: funnel by 

excess 1 M sodium bicarbonate in which the 

mixture was allowed to remain for 5 min. 

After filtration, the mixture was washed 5 
times with distilled water which had. been. 

boiled until the pH had risen to.6°8. -This is- 
important since water which is slightly acid, 

for example pH 5-0, reconverts ionizable 

groups on the adsorbent from the Na+ 

form into the H+ form, resulting in the elution of some 

phosphatidylserine with cloroform/methanol 4:1 (v/v) 

together with phosphatidylethanolamine and other 

impurities. After having been washed, the mixture was 

spread in a shallow layer in an oven at 120° and left for 

16-24 h. It was afterwards stored in vacuo over phos- 

phorus pentoxide and used when required. 

Ox-brain obtained freshly from the slaughter house and 
transported to the laboratory in ice was extracted with 
acetone, ethanol and petroleum ether (40°-60°) as: de- 
scribed by Folch’. The latter extract was evaporated to 
dryness and the residue dissolved in a minimum volume 
of chloroform from which crude cephalin in a yield of 
17 g/kg (wet wt.) of brain was precipitated with 5 vols. of 
ethanol (1 h at —10°). A phosphatidylserine-rich fraction 
(fraction IIT) was obtained from the crude cephalin. by 
chloroform—methano!l fractionation according to Folch’. 
The yield was 4-5 g fraction ITI/kg (wet wt.) of brain. 

Columns were prepared from the treated silicie acid- 
‘Hyflo Super Cel’ mixture which had been washed with 
chloroform/methanol 4 : 1 (v/v) as described by Rath- 
bone’. 58 g of the mixture gave a preparative column of 
suitable dimensions (26 em x 2-3 cm) although smaller 
columns were frequently used. Fraction ITT was washed 
with 0-1 M sodium chloride and again with upper phase 
containing sodium chloride in the biphasic system of. . 
Folch, Lees and Sloane-Stanley’. The material derived — 
from the lower phase was dissolved in a suitable volume 
of chloroform/methanol 4 : 1 (v/v) (approx. 3 mg P/ml.) 
and applied to the column at a loading of approx. 0-5 
mg P/g of column filling. Chloroform/methanol 4 : 1 (v/v) 
(3-2 column volumes) eluted phosphatidylethanolamine, 
inositol phospholipids, corebrosides and other impurities, 
Phosphatidvlserine was eluted with chloroform Imethanol 
3 : 2(v/v) (3-2 column volumes). The later fractions elated 
with this solvent contained impurity. Thin-layer or paper 
chromatography of the fractions indicated those containing” 
only phosphatidylserine, and these were pooled. and the 
solvent was removed under reduced pressure. 1 
atmosphere of nitrogen. The residue was dissol | 
ether and centrifuged to remove particles and thè- ipid 








serine on a silicic acid column. The recogni- oo 


1 (w/w) with excess 1 N hydro- 


15 times the weight of silicic acid) followed- z 














i Pho with aehd i in er PERRET in Wren oaran: 
graphed on silicic acid impregnated paper’. Traces of 
a ninhydrin-staining breakdown product appeared on 
wz, however, even at — 10° under nitrogen. Chemical 
malysis of the phosphatidylserine was as follows: 
sf/P = 0°98; ethanolamine/P=0-0; fatty acid/P= 
; absolute phosphorus content 3-82 per cent (theoreti- 
id 3°92 per cent). Determination of the fatty acids present 
by gas chromatography showed that oleic acid constituted 
39-6 per cent of the total acids and stearic acid 52-4 per 
cont. Cap acids comprised 5-1. per cent and C,, acids 
26 per cent. Since eo hea i ine prepared by 
the action of snake venom phospholipase A on phospha- 
tidylserine!® contains mainly stearic acid and since 
. phospholipase A removes the 8-fatty acid of L-«-diacyl- 
glycerophosphatides™:*, it is clear that a positional 
asymmetry of fatty acids exists in phosphatidylserine 
similar to that found in other phosphatides. 
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_ Comparison of in vivo and in vitro Actions 
a Various Ox Pituitary Growth Hormone | 
Fractions 


Dulioveny of an in vitro action of a hormone is of 
intrinsic value in determining the detailed mechanism of 
ction-—-a situation well illustrated in recent years in 
the case of insulin. Pituitary growth hormone is known 
to have an action in vitro on isolated musele preparations 
—to stimulate uptake of glucose!-*, incorporation of 
amino-acids into protein? * and accumulation of a non- 
utilizable amino-acid’ by diaphragm from the hypo- 
physectomized rat, and to influence the metabolism of 
adipose tissue’. Whether these im vitro actions of the 
hormone play any part in bringing about its growth- 
_ promoting action has not been clarified®-45.7-*, The 
_ purpose of this communication is to show that by column 
chromatography ox growth hormone can be resolved into 
` three fractions which, though all retaining potency in 
vitro, possess markedly differing growth-promoting 
activities. 

Growth hormone, prepared by a modification of the 
Wilhelmi procedure’ in which the initial extraction of the 
lobes is at pH 5-5, was chromatographed on columns of 
DEAE-cellulose (made by the mathod of Peterson and 
Sober!) in a borate buffer 6-5 mM Na,B,O, and 55 mM 
hydrochloric acid, pH 8-7. Part of the protein was eluted 
as a retarded peak in this buffer and the remainder with 
a sodium chloride gradient applied in two steps, the first 



















i the ocr applied to the colt 
main fractions: (A) “eluted | in ‘the. startin 


‘The proportion of each fraction varied with the origina - 








40 per cent); (B) eluted by the first gradient (1 
cent); (C) eluted by the second gradient (15-30 pe 









growth hormone preparation used, and in some gages o = 
evidence for heterogeneity within the fractions. was o 
suggested by the presence of more than one chromato- = 
graphic peak. On rechromatography each fraction’ was 
eluted under the expected conditions. Examination 
the starting material and the various fractions by starch 
gel electrophoresis (using the method of Fergusor 
Wallace. bud with a slightly higher pH (8-8) at whic] 
all the main electrophoretic components move towards th 
anode) showed that chromatography had led to a separ 
tion of the electrophoretic components of growth hormone: 
and that fractions B and C at least still contain several) 3 
components. Fractions from two chromatographic. rung oo 
were tested for growth-promoting activity in hypo- à o 
physectomized rats, the increase in weight over TO days = =< 
of groups of five rats, each injected daily, being measured. o=) 
The A fraction (Table 1) was found to possess growth- 
promoting activity similar to that of the unfractionated 
growth hormone. The faster running portion of the Bo. 
fraction, though not quite so effective as A, also possessed Neves 
growth-promoting activity, whereas B, and C fractions = 
did not bring about any stimulation of growth when = 
supplied at low doses. Injected in larger quantities By 
showed about 10 per cent and C 3 per cent of the growth- © 
promoting capacity of unfractionated growth hormone. 









Table 1, PROMOTION oF GROWTH OF HYPOPRYSECTOMIZED RATS BY VARIOUS 
FRACTIONS OF GROWTH HORMONE 
Tncrease in weight 


Increase in weight corrected for controls 


Fraction Dase {mean + AE.) (mean + SLE.) 
(uaiday) (g) wo o > 

Saline control m T E Eii na 
pau peuorstes 15 +03 -6°1 +16 246-1 
(1) A 15 LA LST +45-33°8 
{i} B,* 15 TS 1-7 FERIS 
er 15 ~ 4842-0 +0-°3B 2-2 
(0 15 —~O°91-9, oor ee ae O 
Saline control _ SIRTA i nor 
Unfractionated 15 +10°8 20-5 +163 £0°9 
(2) A 15 E E E E +10-6-1°9 
(2) B, ih +9°7 4-1-3 +92 E16 
{2)C 15 +O Bi 18 —~1-B41-9 
Saline control soe m2 dT memeni 
Unfractionated 5 -+0909 FS Ti1-2.:. 
Unfractionated 16 +1052 R AIDT R. 
aoe 45 + LF 841-5 10-8 167 
(LE 150 +41-742°0 + 43-94-22 
(2) at 150 ERD ETE EEE S -E S SRE 


*Fraction (1) B showed some separation into two ore and these, were 
tested separately, ae 







Uptake of glucose by diaphr agm was aed byi he 
disappearance of glucose from the medium, incorporation — 
of glyeine into protein as previously described and — 
release of free fatty acids from the epididymal fat pad was ` 
estimated by Dole’s method. Hach fraction of a third |. 
chromatographie run was found at a concentration of. = 
50 pg/ml. to stimulate uptake of glucose and incorporation 
of glycine into protein of diaphragm from the hypo- 
physectomized rat (Table 2). A similar effect was seen 
when the concentration was reduced to 5 ug/ml. More. 
over, the fractions tested in Table 1 and found to possess 
little growth-promoting activity were found at 1 ug/ml... 
to stimulate uptake of glucose and in two cases. amino-acid Pets 
incorporation (Table 2). A significant in vitro action of < 
A at 0-1 ug/ml, was not observed. Each of these fractions = 
at 25 ug/ml. was found to stimulate release of fatty acids oe 
by fat pads from normal rats (Table 3).” ae 

Thus the in vitro activity of fractions B, and C appears Soe 
to be more or less as great as for A and B, (much more _ 
than 20 per cent, Tablé 2) despite their growth-promoting 
activity being- very substantially less (much less than 
10 per cent in the case of C, Table 1). On the other hand; _ 
the retention of in ‘vitro activity by fractions A and B 
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FRACTIONS OF OX PITUITARY GROWTH HOR- 
KE OF GLUCOSE AND INCORPORATION OF GLYCINE INTO 
LATED DIAPHRAGM FROM HYPOPAYSECTOMIZED RATS 


i n added to Uptake of glucose 
ncubation medium (mg/g wet wth) 


2174013 
4-05 -20-31 

§ 20-40-64 
5-00 0-58 
$°124-0-18 
510-40-28 
435 02S. 
6-1 R046 

O BG0-0-13 
© 4-28£0-27 
EEE: SEE E a 
O90 15 


Radioactivity in protein 
(e.p.m./mg) 


1644035 
HEESE 
22-8 2-6 
21°442-0 
14-341-4 
17-441-6* 
17-32:1-8°* 
17-S8i1°9* 
1110-09 
14-11-00 
11-040 -66* 
1274042 


ddition 
{50 ug/ml.) 





Fraction added fo 
incubation medium 

See tia) 
| 3) p 


Fatty acids released 
(umole/g tissue/3 h) 
§°2 £O-31 
12°4-4-1-00 
s l 10:0 081 


HIFO y 11-51-20 


Se Each figure is the mean £5.8. of the mean of six observations, The 
= Walue of P for the stimulation due to each fraction was <0-001. Incubation 
was for 3 hin a medium containing 5 per cent ox serum albumin. 


which also possess good growth-promoting activity does 
“not provide any evidence of the possibility of a separation 
- of the agents responsible for the in vivo and in pitro 
~actions® 5:16, though it. is. not completely excluded. 
Although the in vitro actions of growth hormone remain 
a fascinating problem in mechanism it is doubtful whether 
at the present time they provide a very helpful guide to 
the means by which growth hormone promotes growth. 
"We thank Miss M. B. Thomas for the hypophysectomios 
and Prof. F. G. Young and Dr. H. B. F. Dixon for their 
help and advice. 
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: Control of Cellular Differentiation in Plants 
- by the Distribution of Enzymes in a Lipid- 
bound System 
is of the sequence of enzyme differentiation it 
several enzymes are lipid-bound and that 
on is determined by the distribution, of 
pids and the hematin enzymes in the 


| phloem of plants it was found that there 






_ endodermis an 
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is a functional relation between unsaturated li 
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the enzymes which determine differentiat: 


ment‘. Lipotropic agents applied. to gro 





ing plants 


changed the pattern of enzyme distribution with resultant A : 


changes in tissue differentiation, Ethylene, in concentra- 
tions ranging from saturation in water to only a few parts: 
per million, induced changes in lipoprotein. Associatad. 
with these changes it was found that the location of the 
lipids, and associated enzymes that give rise to the endo- 
dermis, were changed from normal distribution to new — 
locations. Diet i 
Ethylene at high concentrations induced a change. in. 
unsaturated lipid material in the endodermis and phloem, 
and negative reactions were obtained for cytochrome _ 
oxidase, peroxidase, and some dehydrogenases and. 

esterases. Leaves of narcissus bulbs grown in an ethylene 
atmosphere had a redistribution of sudanophilie and —. 
osmophilic lipids. Lipid materials either moved to or were 
induced to form in the outermost cells of the leaf under the 
lower epidermis; and there was an associated change m 














metrical growth associated with ethylene. oe = oo O57 

By growing plants in lipotropic substances (ethylene, _ 
etherized water) the endodermis and hypodermis, notable — 
for their localizations of unsaturated fatty acids and- 
peroxidase’, were blocked in their normal. topographic 
development. Under ethylene, the lipid~hem systems that 
normally impregnate the walls of the endodermis are 
deposited elsewhere and apparently move outward to the 
surface of the plant. In roots and stems of castor beans, 
changes in enzyme pattern and tissue differentiation 
occurred in the endodermis adjacent to phloem; the endo- 
dermis between the vascular bundles contained somo 
unsaturated lipids and associated peroxidase and cyto- 
chrome oxidase. 

Lipid-bound enzymes of the phloem are apparently in 
the mitochondria of the sieve tubes and companion cells, 
but there appears to be a lipid~ham peroxidase system free 
in the sieve tubes and not localized in mitochondria, T 
has been postulated that phospholipids hold functional 
groups of enzymes*; unsaturated lipids apparently hold 
in close association groups of enzymes that determine the 


differentiation and location of the endodermis in plants. 


The general effect of ethylene and etherized. water on 
plant tissues has been observed*-? and an interpretation 18 
now presented of the influence of ethylene on the distribu- 
tion of lipids, lipid-bound enzymes and resultant tissue 
differentiation. The breaking of cambial and bud dor- 
maney by ethylene has been supposed to affect the con- 
centration and distribution of auxin; but detection of 
unsaturated lipids, and microtitration to determine iodine | 
numbers, reveal changes in distribution of unsaturated 
lipids. Ethylene must be applied prior to the appearance | 
of lipid carbonyl compounds and in advance of normal 
lipid condensation and polymerization in protoplast eile. | 


and cellular membranes. The heat-stable 
peroxidase system of the endodermis may be chan rk 
its differentiation if ethylene is applied in the formative 
stages of tissue development. a 
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the distribution of enzymes, particularly the hematin 
enzymes. A redistribution of lipids and enzymes to one 
side of the leaf appeared to be responsible for the asym: ers 
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-Smor the adroit of starch-gel E E various 
zymes, including serum- cholinesterase!, erythrocyte 
4 2-6-phosphate dehydrogenase? and erythrocyte acid 
P sphatase’, have been demonstrated to exist in human 









op rt here th ne tae for the detection of human 

-> 6-phosphogluconate dehydrogenase (6-PGD) 

by starch-gel electrophoresis, and the existence of 

this- enzyme in different genetically determined 
_ forms. 

~~ Bleod (0-2 ml.) is added to water (0-4 ml.) and after 10 

~ min the mixture is spun at 2,000g for another 10 min. 

> Clear hemolysate (50 ul.) is applied to each 12mm x 4mm 

we insert of Whatman No. 17 filter paper. Electrophoresis‘ 

-Js carried out for 4 h at a potential gradient of 10 Vjem 

in a starch-gel, made in 0-01 M phosphate buffer at pH 7-0, 

and placed horizontally between two cooling plates. 

< 6-PGD activity is detected by a modification of a method 

- deseribed for glucose-6-phosphate dehydrogenase’. An 





‘overlay’, made up in 10 ml. of 0-1 M tris buffer at pH 8-0 
containing agar (100 mg), nicotinamide adenine dinucleo- 





a b £ ad e f j 
Fig. E Starch-gel electrophoresis of 6-PGD in human hemolysates in 0-01 M phosphate buffer 


at oH 7-0 





Fig. 2. Pedigree of a family in which the 6-PGD variant occurs. 
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sliced starch gel and ‘after setting | is inoubated at 87° for 
about an hour. The enzyme is located as a brighi bh 
Zone. 

The normal result for red-cell 6-PGD is shown in Fig. 4 
a, c, d and f, and consists of a single sharply defined band, 
A, which moves about 2-0 cm towards the anode. In 10- 
instances out of 150 random blood samples from adults, 
mostly of European descent, we detected the atypical band 
pattern shown in Fig. 1, b and e, where the sharp band A, 
although still present, stained to about half the intensi: 
of the normals, and was accompanied by an equally 
sharp band B, which ran somewhat more slowly, ani 
which likewise stained with about half the intensity of thi 
normal A band. When bloods showing this variant 6-PGD 
were examined at intervals over a period of several week: 
they were always found to have the same eleetrophoretit 
pattern, indicating that the possession of these two band 
is æ constant characteristic of the red cells of such ind 
viduals. os 

The presence of heparin in concentrations necessary. to 
prevent clotting interfered with the normal electrophoretic 
behaviour of 6-PGD, but if the red cells were _ 
washed before hemolysis this ‘heparin effect’ oe 
disappeared. o 

Examination of the families of several of — 
the variant individuals demonstrated that 
the trait is genetically determined and js 
probably a heterozygous condition for a 
gene pair, with simple Mendelian inheritance 
of an autosomal nature. One such pedigree. 
is shown in Fig. 2. With an incidence of- 
about l in 15 one would expect that 1 person. 
in 30? = 900 would be homozygous for the 
atypical variety of 6-PGD. So far we have 
not found such an individual. 

The total red-cell 6-PGD activity was. 
determined quantitatively® in several cases 
for the heterozygous condition and wès 
found not to differ significantly from the 
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@, A plus B bands; O, A band only; sta not tested 
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identification of p-Hydroxyphenoxymethy! 
Penicillin as a Metabolite of Phenoxymethyi 
Penicillin 
WHEN urine of normal adults to whom phenoxymethy! 
penicillin (penicillin V (200 mg)) had been administered 
-was chromatographed!, a second inhibition zone in addition 
to the penicillin V zone was observed (Fig. 1). The Rr 
value of this product was identical with that of p-hydroxy- 
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Table 1. PAPER CHROMATOGRAPHY OF PHENOXYACETIG ACIDS 
Acid* Ryt ` Colour 
plier Wt N: O41 Viole olet i 
m-HOC,H,OCH COOH 0-23 4 ed-violet 
P- HOCH OCHCOOH a Blue 


C,H,OCH,COOH 0-37 Ee 


*The hydroxyphenoxyacetic acids were prepared by reaction of the 
appropriate dihydric phenol with chloroacetic acid®*, 

+ Butanone-2 : water : diethylamine, 921 : 77:2 (ref. 4). The acids were 
detected with bromophenol blue indicator or by diazo reagent. l 

f Colour obtained by reaction with diazotized p-nitroanili 





and 0-5 M sodium methylate (2 mmole} for 5. r at 65° in 
a sealed tube. In this way phenoxyacetic acid we 7 
formed into the methyl aa and the A bye 






a elon of Raoples 400° (20 per penny ak 180° (ref. 8). 
By this method the presence of p- hydroxyphenox yacetic . 
acid was confirmed, and a small peak of. o-hydroxy- 
phenoxyacetic acid was detected. 

The predominant active metabolite of penicillin y ini 
human beings is p-hydroxy isomer. In the urine of some. 
persons who had received penicillin V, we found a second. 
metabolite (probably the dihydroxy derivative), which 
remained at the start on the paper chromatogram (Fig. 1, 
lanes 1 and 3). 

A more polar biologically active meta- 
bolite was also observed when the urine of 
persons who had received «-phenoxyethyl- 
penicillin (phenethicillin) wag examined. 
(Fig. 1). Although the structure of this 
metabolite was not established, it seems very 
likely that hydroxylation of the benzene 
ring had also occurred. 

The presence of active metabolites in the 
urine after administration of the following 
penicillins has been described: benzylpeni- 
cillin (penicillin G)**", penicillin V, phenethi- 
cillin and propicillin?®, phonoxybenzyl peni- 
cillin (phenbenicillin)*!,  3,4-dichloro-«- 
methoxybenzyl penicillin’. 2, oxacillin and 
cloxacillin!®38, ; 

The hydroxylation of aromatic compounds 
in the organism is well known, and meta- 
bolites of this type have been described for 
such drags as phenobarbital, diphenyl- 


Fig.1. . Bioautography of paper chromatograms of urine after oral administration. of : 14 

penicillin e a phenethicillin. Whatman No, I paper, buffered with 10 per cent sodium hydantoin, and p henylbutazone . These 
citrate at pH 5-5 (Nos, 1 and 2) or pH 6-0 (Nos. 3, 4, 5), Developing solvent: ether transformation products are often con- 
saturated with 28 per cent ammonium sulphate. te values of penicillin V: 6-66 + 0-06 


at pH 5-5 (Nos. 1 and 2}, 6-32 +0-04 at pH 6-0 (Nos. 3 and 4); »-hydroxypenicillin V : 
18 + 0-02 at pu p5 (Nos. 1 and 2), 0054001 at pH 60 (Nos. 3 and 2} phenethicillin : 


0-49 +0-06 and metabolite: 0-17 40-02 at pH 6-0 (No, 6 


phenoxymethy] penicillin, obtained from a sample of crude 
penicillin V?. This metabolite represents about 10 per cent 
of the activity found in the urine. 

To confirm the structure of this substance, pooled urine 
it samples were extracted with butyl acetate, after acidifica- 
tion to pH. 2:0 with phosphoric acid. The penicillin was 
_.. extracted from the organic solvent into bicarbonate solu- 
tion and re-extracted into ether after acidification. The 
- cether solution was applied on a column of silica gel, 
> equilibrated with 2 M phosphate buffer of pH 6-2. The 
“~~ golumn was developed with ether containing increasing 
<o amounts of methanol (0-5-3 per cent), as described by 
Behrens et al3. The column was cut into l-in. sections, 
which were eluted with phosphate buffer of pH 7-0. The 
top section contained the metabolite and some penicillin V. 
The product eluted from the top of the column was hydro- 
lysed by refluxing in 3 N hydrochloric acid for 24 h, and 
the side-chain acid was extracted with ether. By circular 
chr matography using system Æ of Hégstrém‘*, phenoxy- 
-acetic and p-hydroxyphenoxyacetic acid could be identi- 
fied. There was also an indication of the presence of the 

ortho-acid on the paper chromatogram (Table 1). 














: seid a was obtained by gas chromatography of the methyl 
‘ers. The acid was treated with methyliodide a m.mole) 


= Further confirmation of the structure of the side-chain . 


jugated with glucuronic acid, and possibly 
penicillin V is transformed into a sub- 
stance of this type that is inactive. . An- 
other inactive degradation product could. be. 
penicilloic acid, as was demonstrated with benzylpenieil- 


lin", H. VANDERHARGHE 
G. PARMENTIER 
N E. Evrarp 
Rega Institute, 
University of Louvain, Belgium. 


1 Brewer, G. A., and Johnson, M. J., App. Microbiol., 1, 163 (1953). 


* De Flines, J., Waisvisz, J. M., Hoette, I., and Struyk, A. Po, Antibiotics 
drul Chemother., 7, 497 (19 57 h 


® Behrens, O, E Corse, J., Jones, R. G., Mann, M. Ja rt, Q. F.. Van 
Abeele, F. , and Chang, M. C., J. Biol. Chem., ing” Tet (1948). 

t Reio, L., J. Pine 1, 538 (1958). 

* Moser, C. M., J. Amer. Chem, Soc., 72, 1413 (1950). 

® Bischoff, E. A and Freælich, E., Ber., 40, 2791 G907h 

? Bray, H. G., Thorpe, W. V., and White, R., Biochem. J., 46, 271 (19 50). 

* Orr, C. H., and Callen, J. E, J. Amer, Chem. Soe., 80, 249 (1958). 


* English, A. R., Huang, H. T., and Sobin, B, A., Proc. Soc. Exp. Biol, Med., 
104, 405 ( 1060). 


1 folinson, G. N. and Batchelor, F. R., Antimicrobial Agents and Chemo- 
ther., 654 (1962). 


u Rollo, I. M., Somers, G. F., and Burley, D, M., Brit, Med. J., i, 76 (1962). 


H Vanderhaeghe, H., Van Dijck, P., Clacsen, M., and De Somer, P., Anti- 
microbiai Agents and Chemother., 581 (1961). 

33 Nayler, J. H. ©., Long, A. A. W., Brown, D.M., Acted, P., Rolinson, G.N. 
een F. Reo, Stevens, §., and Sutherland, . « Nature, 195, 1264 


m m R. T., Detorication Mechanisms (Chapman a Hall Lon 


dow 
j Tanten S, §., Chumakow, N., and Seifter, J., Antibiotic 
ther, 4, 1845 (i054). fin 















a “A Serum Protein present i in i Pregnant Women 
oe _ Surraims' has briefly mentioned a protein band which 
` ; j he: found in the starch-gel electrophoretograms of sera 
eat from about 10 per cent of women who were either in late 

-pregnancy or had recently delivered. In the work re- 

„ported here, a much higher frequency has been found for 
hat is probably the same protein band. In some runs 
in a borate gel at pH=8-5, under essentially the same 
ditions as described by Smithies:, the protein of the 
investigation reported here migrated at a rate slightly 
slower than the first haptoglobin band of Hp 2-2 sera 
-to which hæmoglobin had been added (Fig. 1). In other 
_runs, the two were not separated. Accordingly, the typ- 
-ings for presence and absence of the band in Hp 2-2 sera 
< are not included in the data given here although it was 

| undoubtedly present in the majority of such sera. 
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ig. I Anode at the top of photograph. Starch-gel electrophoresis 
f-two sera from pregnant women at 4-0 Viem for 14 h in borate 
ufer (0:0092 M sodium hydroxide, 0-023 M borie acid pH = 8-5) and 


Co staining with amido black 108. (1) Haptoglobin type 1-1; (2) hapto- 
PR ng globin. type 2 2-2; CA) first naprorlobia band of Hp 2-2; (BY pregnancy 
te, . protein 


The sera of 226 pregnant European women were exam- 
dand of these 141 were Hp 1-1, Hp 2-1 and Hp 0. 
» period of pregnancy has been divided into four 
day intervals and the. onan of occurrence 
the band in each is shown in Table 1 
DE ‘hen the frequencies in the first and second intervals 
“were pooled, y? for heterogeneity was non-significant 

© (yi = 4-767, 0-10 > P > 0-05). 

‘Great ‘variation in the concentration of the protein in 
- different sera as judged by the intensity of staining with 
- amido black 10B (Gurr) was observed. It is possible that 
more sensitive methods would detect it in sera from all 
pregnant women. In a group of 107 control sera from 










female blood donors 75 were Hp 2-1 or Hp l-l and one - 
of these possessed a very faint band. The remainder did > 


not possess a perceptible band. 


a Proienco EH: 


$ Beaton, G. H., Selby, A. E., Vien, M, J., and Wright, A, M., J. Bil. Chen 


eee i: terval of pregnancy | indi 
absence (—) 0 (2) {3} a. di 


0-70* 71-140 141-210 | oat re 
end of $ 
h “pregnancy oo = = T 
+ 2 37 43 -$2 224 BB 
— 3 7 2 i 6 WW (we. 
Total 4 44 45 48 141. «WW 
* Days ae 


The band was observed in three other individuals: (1)... 
an Australian Aboriginal woman known to be pregnan 
(2) a New Guinea native woman of adult age, for who 
no information about pregnancy was available, (3) 
European man whose carcinoma of the prostate was 
being treated with diencestrol (50 mg twice a day): 

Hirschfeld and Söderberg’, using immunoelectrophoretic 
methods, have detected proteins in sera from pregnai 
women which were not present in control sera. It is. 
possible that the protein reported here is identical with = 
one of these proteins. It also seems likely that this < 
protein is analogous to that found by Heim‘ and Beaton ee 
et al., using starch-gel electrophoresis, in the serum of ._ 
neonatal, tumorous and pregnant rats. Darey® has _ 
demonstrated by immunological methods increased con- == 
centrations of a normal serum protein in the same classes... 
of rats, and Heim’ suggested that this protein and the — 
one he detected by starch-gel electrophoresis are identical. 
The presence of the one ‘and increased concentrations of.. 
the other appear to be concomitant with tissue growth 
and lactation in the rat. 5 

The results presented here, however, do not exclude — ae 
the possibility that the human protein is induced bys! 
increased levels of cestrogen; it has been demonstrated. — 
that the administration of cestrogen can induce the 
formation of specific proteins in the liver of the chicken 
embryo’. 

I thank Prof. L. W. Cox, Department of Obstetrics and 

Yynecology, Queen Elizabeth Hospital, Adelaide, and 
Dr. H. B. M. Lewis of the Red Cross Blood Bank, 
Adelaide, for supplying sera. I also thank Prof. J. H. 
Bennett and Dr. M. J. Mayo for advice and Mr. I. R. 

yoodwins for the photography of Fig. 1. : 
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Action of i Prostaglandin E; on Tissues which 
respond to Bradykinin i 


PROSTAGLANDIN #, (9-keto, lla, 15, dihydroxy- -pros 
13-enoic acid, PGE,) was the first of several prostaglandins 
to be isolated by Bergström et al.1?. It is a member o! 
chemically new group of vasodilator substances. -Ot 
naturally occurring vasodilators such as bradykinin, acetyl 
choline and histamine have effects on several types 
tissue in addition to smooth muscle. For example 
bradykinin increases capillary permeability, produces pe 
on application to a blister base and releases adrenalin 
from the adrenal medulla?:+. The actions. of ‘PG 
these and other biological preparations have been inve 
gated using bradykinin as a standard for compatiao 
results are summarized i in Table te: 








denial pee ee guinea pigs pretreat 
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Table 1 THRESHOLD DOSES OR CONCENTRATIONS OF PROSTAGLANDIN E, 
AND BRADYEININ REQUIRED TO PRODUCE EFFECTS ON THE BIOLOGICAL 
PREPARATIONS USED IN THIS INVESTIGATION 
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Response Preparation PGE, Bradykimin 
Vasodilatation Cat bind umb 200 ng 20-100 ng 
Increased capillary 

permeability Guinea pig skin 100 ng 1-10 ng 
Pain production Human blister base No effect 
- (>100 ug/ml) 01 ug/ml 
Adrenaline release Cat adrenal medulla No effect 
(>75ug/kg) 015 ag/ke 
Reduced air entry Guinea pig lungs No effect 
(> 50 ug/kg) 4-10 ugjikg 
Contraction of Rat uterus 60 ng/ml 05 ng/ml 
iwolated smooth Guinea pig eum 8 ng/ml 10 ng/ml 
muscle Rat duodenum (Contraction) (Relaxation) 
250 ng/ml 5 ng/ml 


amine sky blue A dose of 1 ug (in 01 ml) produced a 
maximal effect The mtensity of blung with PGE, was 
less for a grven, area of lesion than with bradykimmn and 
the very intense bluing produced by bradykinin was never 
observed with PGE, LEstimatos of relative activity were 
therefore difficult to make but PGE, was at least 10-100 
times less active than bradykinin 

PGE, unlike bradykinin (01 ug/ml), did not cause 
pain on application to human blister bases in concentra- 
tions from 01 to 100 pg/ml Retrograde injections of 
bradykinin (2 pg) mto the ccehac artery of the ‘Nembutal’ 
anesthetized cat released the equivalent of 1 ug of adren- 
alme from the adrenal medulla as detected by the dener- 
vated nictitating membrane PGE, did not cause any 
detectable adrenaline release (<0 2 ug) in doses up to 
20 ug 
PGE, also differed from bradykinim in that it did not 
reduce air ontry into the Jungs of the guinea pig as 
measured by the Konzett and Rossler method Like 
bradykinin, however, ıt caused contraction of the isolated 
rat uterus and the isolated gumea pig loum, 1t further 
contracted the isolated rat duodenum, which 1s relaxed by 
bradykinin 

I thank Prof S Bergstrom of the Karolinska Institute, 
Stockholm, for the prostaglandm Æ, and Dr E D 
Nicolaides, of Parke, Davis and Co, Ann Arbor, for 
the synthetic bradykinin used ın these experiments 
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Mechanism for concentrating lodine in 
Marine Algae 


Tue fact that various marme algae are able to concen- 
trate iodine agamst a gradient induced many workers to 
compare this mechanism with the uptake of 1odine by the 
thyroid gland in mammals}? The reported results were 
mecongruent in so far as some suggested that this mechan- 
ism may be simular’, others, that ıb 1s different from the 
one operating ın the thyroid gland‘ 

All these experrments were performed on living tissue, 
which by virtue of their metabolic activities may have 
mfluenced to some extent these results We have there- 
fore examined the concentration mechanism, on non-viable 
material 

The leaf-hke fronds of seaweed, Caulerpa of the order 
Siphonales, cast ashore at the beaches of the Mediter- 
ranean (Tel Aviv), were collected during August and 
September This maternal was then washed ın filtered 
sea water, dried at room temperature and, after shredding, 
pulverized to a fine powder ın a pharmacological mill of 
the Willy type In order to compare with thyroid tissue 
tthe abihty of these dried and pulverized algae to con- 


NATURE 


r 


893 


centrate rodine, we used the method adopted ın elucidating 
the role of different anions on the uptake of thyroid glands 
im our previous work’. 100 mg of the algae tissue powder 
dispensed m dialysis bags were submerged in beakers each 
containing 5 ml of the medium solution This medium 
solution consisted of different molar concentrations of 
KCLO,-KBF, and potassium iodide dissolved in sea 
water The control medium consisted of sea water only 
01 ml of carrier-free 1odine-131 solution (Radiochemical 
Centro, Amersham, England), givmg a count rate of 
100,000 cpm m a commercial well-type scmtilation 
counter (Nuclear, Chicago), were added to each beaker 

All the experrments were run in duphcate and the 
counts did not differ by more than 2-5 per cent per 
experiment ‘The beakers were mncubated at a tempera- 
ture of 28° C for 120 min, then the bags contammg the 
pulve1ized tissue were removed, adequately washed and 
assayed for the radioactivity m the well, after ther 
volume had been made up to 2ce¢ withsea water These 
moasurements represent the tissue (T) 

0 1 ml of each of the medium solutions, agai made up 
to a volume of 2 cee with water, were measured for their 
radioactivity m the well and represent m the results the 
medium (M) 

The results are summarized in the table ag T/M ratios, 
defined as the 


cpm of 11/0 1 g pulverized tissue 
cpm of 12/0 1 ml medium 


It 1s obvious from the results that all anions used 
reduced, the T/M ın comparison to the-controls without 
these anions The amount of reduction varies with the 
molar concentration, mncieasing with decreased concen- 
tration, reaching a maxmum and then decreasmg agam 

The molar concentrations for maximal reduction in 
uptake of 1odine-131 ın the algae was for iodide 10-5, for 
fluoroborate 10-° and for perchlorate 5 x 10-’, bemg very 
similar to those found by Wolff and Maurey m their 
experiments with anımal tissues’ 


Table 1 DEPRESSION OF THE T/M_BY DIFFERENT ANIONS 


TiM of control = 121416 
TIM with KBF, 


Molarnty TIM with KClO, TIM with KI 
10“? 95 + 045 103 +115 0 25 
10-5 93+ 04 104 +115 3+ 2 
10-4 87+ 065 i 9+ 045 4+ 1 
10-5 9405 92406 61205 
10~* 84+08 75418 66 +403 

§ x 107 75 +09 91+18 
10-7 78407 11 + 185 


The figures represent the mean and standard deviation 


Our previous assumption, therefore, that ionic size 1s of 
importance m the uptake mechanism seoms to be verified 
with the additional iestriction that probably more para- 
meters of the 10on-like univalency, proper size and struc- 
tural properties are of importance The tonic size itself 1s, 
as Wolff pointed out, an operative one and depends on the 
conditions under which 1t 1 measured, its hydration state 
being of utmost rmportance There seems to be an optimal 
concentration which determines the operational 1onic 
volume m such a gradient and which varies for different 
ions This may partly explain the failure of Tong to 
account for any depression of the T/M in his algae expa- 
ments with potasstum perchlorate m only a 10-> molar 
solution 

As the inhibition of iodine uptake may not be identical 
with the concentration mechanism, we undertook also 
experiments with labelled KClO, The prelimmary . 
results of these showed agam a concentration of the 
K3*ClO, 10n ın the algae Further experiments, which are 
ın progress, show also an increase of this uptake under the 
influence of bovine thyroid-stimulating hormone (Organ- 
on), addmg again to the similarity of the uptake mechan- 
ism in the algae and thyroid glands® 

These results mdicate that by all the criteria used the 
concentration mechanism of 1odine m algae and thyroid 
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glands resemble each other or may be even reduced to an 
identical fundamental property of the specific tissue, not 
necessarily connected with its vital organization m the 
living cell 
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Lung Lining in Bird, Reptile and Amphibian 

Tse lungs of mammals are hned with a film of hpo- 
protem, which has the function of reducmg the tension of 
the sharply curved alveolar surface! A simular film was 
also found to exist m the pigeon and the frog? Muller and 
Bondurant? and Klaus et al + have, however, concluded 
as & result of a study of the surface properties of saline 
extracts of minced lung from tuitle, frog, and pigeon that 
a distinctive surface-active material exists m mammalian. 
lungs only We have, therefore, re-examined the question 

The species used were the chicken (Gallus), slow-worm 
(a legless hzaid, Angus fragiizs), and clawed toad (Xenopus 
laevis) The lungs of these were compared, with those of 
mammals; a summary of the findings is grven in Table 1 
The methods used have been described, elsewhere?:5:? 

Small bubbles, squeezed from a fragmont of mammahan 
lung into a hanging drop of au-saturated water, usually 
contract somewhat and then remain stable The ratio of 
final (stable) to initial surface area is called the stability 
ratio, for bubbles mitially between 36u and 60u m 
diameter the mean stability ratio 1s about 07 Ordinary 
bubbles of this size, for example those formed m blood, 
contract and disappear in a few minutes In our experi- 
ments we found that bubbles squeezed from fragments 
of the bird, reptile, and amphibian lungs were as stable as 
those from mammalian Jungs, the smallest of them were 
stable enough and small enough to show Browman 
motion 

When. bubbles (say 100u ın diameter) from mammalian. 
lung are immersed in de-aerated water under a glass 
slide, they first flatten as the air dissolves and the surface 
tension falls, and then suddenly resume at an almost spher- 
ical shape, ın the latter process, the equatorial diameter 18 
reduced by about 10 per cout The phenomenon 1s known 


Table 1 PROPERTIES OF BUBBLES FROM THE LUNGS OF MAMMAL, BIRD, 
REPTILE AND AMPHIBIAN, COMPARED WITH THOSE OF ORDINARY BUBBLES 


Bubbles from lungs of Bubbles in 

Chicken Slow-worm blood, etc 
074 0 78 00 
078 0 80 


Mammal 
0 60-0 87 


Toad 
Stability ratio of 


bubbles from 
fresh lung (means 
of batches of 30) 


Brownian motion + + + + m 


Clicking (per cent 
decrease in equa- 
torial diameter) 


Stability ratio of 
bubbles from 
ling collapsed 
once and re-in- 


0 81 
0 82 


10% 10% 2% nil nil 


0 60-0 87 016* 0 06 00 


073 
0 80 0 29 
0 39 
flated {means of 

batches of 80) 


Stability ratio of 
bubbles from 
lung washings 
(means of 
batches of 10) 


00 


05-09 i 00 


mo 
pod food 


6 
7 


* Mean of batch of five bubbles 
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as ‘clickmg’, and repeats itself rhythmically as the bubble 
dissolves, 1t demonstrates® that the bubble surface has a 
free energy ın excess of the product of 1ts area and surface 
tension Bubbles from bird lung behaved in de-aerated 
water exactly like those from mammalian lung; those 
from the slow-worm showed less prominent ‘clicking’, 
while those from toad lung did not ‘click’, but contracted 
steadily 

A mammalian lung may be made to collapse to an ar- 
free state by exposure to a vacuum followed by sudden 
restoration of atmospheric pressure If ıb ıs then re- 
inflated, 1t retaims much. of the air forced into it, and frag- 
ments from it give stable bubbles like those from fresh 
lung? We found that when chicken lung was collapsed, 
and air was injected into the tissue, fragments from the 
lung when squeezed into air-saturated water gave bubbles 
as stable əs those from mammalian lung The slow-worm 
and toad lungs, on the other hand, when collapsed and 
re-inflated, retamned little air, showed a strong tendency to 
collapse agam spontaneously, and yielded bubbles much 
less stable than those from fresh lungs 

If washings from mammalian lungs are carefully freed 
from any bubbles they may contam, and are then frothed 
by blowing aw from a needle into the liquid’, they form 
bubbles with stabihty ratio usually m the range 0 5-0 9 
Injection of saline into the bird lung tissue, and recovery 
of the saline by squeezing, produced washings resembling 
in this respect those from mammalian ling Washings 
from the slow-worm and toad lungs, however, provided 
few stable bubbles 

It 1s evident from these findings that a surface film 
capable of reducing to a large degree the tension of the 
surfaces of the fine sir spaces of the lung exists m the bird, 
reptile and amphibian, as well as m mammals The lung 
lining film of the toad 1s, however, less elaborate than that 
of the slow-worm, which 15 1n turn less elaborate than that 
of the bird or mammal The faılure to re-form a complete 
film, after collapse and re-mflation, and the poor stability 
of bubbles from lung washings, ın the toad and slow-worm 
show that these have only a small reserve of the saline- 
dispersible ‘hning complex’ from which the lning film 1s 
formed; the smallness of this reserve would explain the 
weakness of the surface film on the extracts of amphibian 
and reptile lung studied by other workers** Our exper!- 
ments provide no evidence as to whether the bird has a 
gieater or smaller supply of complex than has the mammal 

The curvature of the surfaces of the air spaces in 
reptile and amphibian. 1s less than in mammal or bird, and 
it 18 not unexpected that their supply of surface-active 
agent should be less than ın the warm-blooded classes In 
the mammal, the alveoli would collapse if the surface 
film were absent, or, if the lung were held open by aur 
pressure, transudation from the blood capillaries into the 
alveoli would occur In the bird, collapse of the lung may 
in part be prevented by 1ts more rigid structure (though it 
can, as stated here, be collapsed artificially), to prevent 
transudation, however, a surface film ıs even more 
necessary than in the mammal, because the curvature of 
the walls of the air capillaries of the bird 1s even sharper 
than that of the walls of the mammalian alveoli 
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Effect of ‘Tremorine’ and-some Anti-Parkinson’s 
Disease Drugs on Acetylcholine in the Rat’s Brain 


Giarman and Pepeu’* have demonstrated that atropme 
sulphate and scopolamine hydrobromide decrease total 
bram acetylcholine ın the rat Both drugs are effective 
against Parkinson’s disease and prevent the tremor, 
‘rigidity and the parasympathetic stumulation mduced by 
the admimustration of “Tremorme’ (1,4-dipyrrolidmo-2- 
butyne)® 

In the present work the effects of “Tremorme’ and of 
some anti-Parkinson’s disease drugs on bram acetylcholine 
have been mvestigated Adult male rats 150-200 g were 
killed by decapitation at the tıme stated m each expert- 
ment The bram (excluding cerebellum, olfactory lobes 
and pituitary) was removed quickly and total acetyl- 
choline was extracted by the method of Smallman et al 4 
The acetylcholine content of the extracts was estimated 
on the 1solated esermized rectus abdominis muscle of the 
frog The values for acetylcholine are expressed in terms 
of acetylcholine chloride The effect of the various drugs 
used was carefully examimed on the rectus abdominis in 
order to compensate for any imfluence on the response 
of the muscle to acetylcholne All the drugs were 
admimstered to the rats mtraperitoneally m 0 1—0 4 ml 

Table 1 shows that “Tremorime’ induces a marked rise 
of total bram acetylcholine which closely follows the onset 
of the symptoms This findmg 1s m agreement with the 
observation of Stern et al 5 that “‘Tremorme’ stimulates 
brain cholineacetylase Pretreatment of the rats with 
either atropine sulphate or caramiphen hydrochloride pre- 
vents the onset of the tremor, rigidity and parasympathetic 
stimulation mduced by the myection of “Tremorine’ and 
completely prevents the mcrease of brain acetylcholine 
“Tremorine’ has been shown to be a weak inhibitor of the 
cholinesterase of the erythrocytes and mtestinal mucosa! 
Atropine sulphate, on the other hand, does not prevent 
the increase of brain acetylcholine caused by the injection 
of eserine sulphate, which 1s presumably due to the m- 
hibition of bram cholmesterases (Pepeu, unpubhshed 
work) Also diethazıne, an anti-Parkimsonism drug of the 
phenothiazine type, prevents the onset of the symptoms 
caused by “Iremorme’ Diethazme dimimishes but not 
always abolishes the merease of brain acetylcholine due 
to “Tremorme’ In fact 50 per cent of the rats m the 
group treated with diethazine and “Tremorme’ had a 
bram-level of acetylcholine higher than 3 ug/g Never- 
theless, all the rats had very httle orno symptoms Ahmed 
et al * have shown that of the established anti-Parkinson’s 
disease drugs diethazine is the least potent antagonist of 
acetylcholine on the isolated guinea pig leum Moreover, 
we have noted that caramiphen, lke atropme, decreases 
bram acetylcholine but diethazine does not, as may be 
seen ın Table 2 The rats imyected with diethazine 
are slightly sedated whereas those mjected with cara- 
miphen show an increase of the spontaneous motility 

The results reported show a difference between the 
anti-Parkinson’s disease drugs of the atropme type and 
those of the phenothiazme type They do not give a 
definite evidence that the increase of brain acetylcholine 
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Table 2 
Dose 
No of (mg/ Time ACH 
Drugs animals kg) (mm) (egm/gm + SE) Remarks 

None 26 — — 2:50 + 008 
Caramiphen 6 20 40 213 +014* Muld axcitation 

hydrochloride 
Diethazine 6 40 40 285 + 6 22 Sedation 

hydrochloride 


* This value differs significantly from the controls at a level of P < 0 02 


1s responsible for the symptoms mduced by “Tremorme’ 
Since “Iremorme’ also mcreases bram histamme m the 
rat? and depletes bram norepinephrine®, the mechanism 
of action of this drug seems to be very complex and its 
action on brain acetylcholine only one of 1ts aspects 
The work was supported by a grant from the Consiglio 
Nazionale delle Ricerche I thank Dr R K Richard of 
the Abbott Laboratories for a gift of ‘Tremorme’, Sandoz 
SA (Basle) for the supply of caramiphen (‘Parpanit’) and 
Farmitala S A (Milano) for that of diethazine (‘Antipar’) 
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Phenylquinone Writhing Test: Interpretation 
of Data 


Tus antagomsm of phenylquinone (2-phenyl-1,4-benzo- 
quinone)-mduced writhing in mice has been recommended 
for investigating weak analgesic activity of new com- 
pounds!?, but the non-specificity of this test has been 
emphasized by Hendershot and Forsaith? Many com- 
pounds not considered to be analgesics, for example, para- 
sympathomimetics, sympathomimmetics and central ner- 
vous system stimulants, protect mice agamst the writhing 
induced by phenylquinone Durmg the routme pharma- 
cological screening of new compounds, we observed an 
apparent correlation between wm vuro anti-5-hydroxy- 
tryptamine activity and the ability of a compound to 
antagonize phenylquinone-induced writhmg Therefore, 
to determine more precisely the value of this test in a 
routine screening programme, 1t was decided to investigate 
in more detail the writhing response and its modification 
by compounds and procedures known to affect the 
activity and metabolism of biogenic amines 

The wm vitro anti-5-hydroxytryptamine activity of 
compounds was investigated using the isolated cestrus 
rat uterus preparation Dose-response curves to 5- 
hydroxytryptamine (5HT) were obtamed m the presence 
or absence of varying concentrations of antagonist and the 
concentration of antagonist required to reduce the sensi- 


Table 1 
No of Dose Time ACH 
Drugs animals | (mg/kg) (mun) (agm/gm + SE) | Changes (%)} Remarks 

None 26 — —_ 2 80 + 008 — 
*Tremorme’ 4 30 4-10 3 66 + 0 74* + 30 Beginning of the symptoms i 
“Tremorme’ 12 30 HE 407 +. 0 84* + 45 Full symptomatology 
Atropine plus 5 

renomie 8 A rot 2 61 + 0 20 — No symptoms 
Caramiphen plus 

<Tremorine 5 e a 273 + 032 — No symptoms 

thazine plus 

chennai 10 30 20 308 + 0 40 +10 No or mid symptoms 


*These values differ significantly from the contiols at a level of P < 0 601 
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Table 1 COMPARATIVE n niro ANTI-5HT AND an vivo ANTI-PHENYL- 
QUINONE ACTIVITIES OF LSD, HOMOCHLOROCYCLIZINE, PROMETHAZINE AND 
MEPYRAMINE 


Anti-5HT activity 


Anti-phenylquinone 
Concentration to 


activity 
EDs, (95 per cent Relative 


Compound reduce uterme Relative 
sensitivity 10 potency confidence limits) potency 
times (ug/ml ) (mg/kg) 
LSD 001 1 0019 (0012-00380) 1 
Homochlor- 
cyclizine 0 25 0 04 680 (450-10 3} 0 0028 
Promethazine 01-02 005-01 120 (860-168 0.0016 
Mepyranune > 25 < 0004 1388 (80 6-220) 00001 


Table 2, EFFECT OF RUPEATED INTRAPERITONEAL INJECTIONS OF PHENYL- 
QUINONE ON THE WRITHING RESPONSE IN MICE 


1 2 3 4 5 
100 54 11 3 Q 
2 mg/kg phenylquinone was mjected once daily on each of five successive 


days to a single group of mice, on each day a fresh group of animals was 
injected with phenylquinone to serve as contro) 


Day 
. Werithes to phenylqumnone 
{percentage of control) 


tivity of the preparation by a factor of 10 was calculated 
Compounds were also investigated for their ability to 
antagonize phenylqumone-mduced writhing, essentially 
by the method of Hendershot and Forsaith? Compounds 
were administered orally, dissolved or suspended in 5 per 
cent gum acacia, to groups of 6 starved male albino mice 
(Tuck strain) weighing 18-22 g One hour later, unless 
otherwise stated, each anımal received an intraperitoneal 
injection. of phenylquinone, 2 mg/kg The total number of 
writhes ın a group of 6 animals was counted for the 20-min 
period immediately following the phenylquinone injec- 
tion A new aqueous solution of phenylquinone was 
prepared using gentle heat before individual experiments, 
The solution was kept in an amber glass bottle, stoppered 
when. not m use, in orde: to avoid decomposition of the 
phenylquinone The HD,, of a compound (the dose 
required to reduce by 50 per cent the number of writhes 
mduced by phenylqunone treatment alone) was calcu- 
lated by the method of Litchfield and Wilcoxon! To 
improve the precision of the determmations, duplicate 
experiments were performed 

d-Lysergic acid diethylamide (LSD), homochlorcyclizine 
and promethazine are known to antagonize the effects of 
injected or released 5HT, mepyramuine ıs less active in 
this respect The comparative activities of these com- 
pounds ın antagonizing phenylquinone-induced writhing in 
mice together with their n utro anti-5HT activities are 
summarived in Table 1 Eckhardt, Cheplovitz, Lipo and 
Govier’ have suggested that the release of 5HT may be a 
factor in the phenylquinone writhing response It was 
thought that 1f the release of 5HT was implicated, then 
repeated intraperitoneal injections of phenylquinone to an 
animal would deplete the intestinal tissues of 5H'T and 
decrease the number of writhes obtained at each injection 
A. group of 6 mice was injected with phenylquinone on each 
of 5 successive days, each day a fresh group of animals 
was injected with phenylquinone to serve as controls The 
results of this experiment, summarized in Table 2, show 
that repeated injections of phenylquinone caused the 
expected reduction in the number of writhes We also 
found that the 5HT content of the small intestine of 
animals given 5 injections of phenylquinone was only 
60 7 per cent that of untreated animals, in a further 
experiment a single injection of phenylquinone reduced 
the 5HT content of intestinal tissue to 76 3 per cent that of 
untreated anımals ın 1h The 5HT was determined by a 
spectrofluorometric method? It ıs not known whether 
the depletion of 5HT by phenylquinone 1s a specific drug 
effect, but although treated anrmals exhibited diarrhea, 
autopsy did not reveal obvious irmtation or damage to the 
intestinal tract 

The effect of phenylquinone was next investigated in 
mice sensitized to 5HT by adrenalectomy since Higgin- 
botham’ has shown that there 1s up to a 25-fold merease in 
sensitivity to 5HT in these animals We have found that 
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the sensitivity of mice, adrenalectomized 5 days previously, 
to myjected phenylquinone was markedly increased, a 69 
per cent increase in the writhes bemg observed 

Next, the effects of hydrazine and non-hydrazine 
monoamine oxidase inhibitors (MAOI) were investigated 
in the phenylquinone test, simce these compounds are 
known to inerease tissue concentrations of SHT In view 
of the results obtained with 5HT antagonists, MAOI’s 
were expected to potentiate the writhing response 
Surprismgly, tranyleypromine, phenelzine and iproniazid 
administered orally 4 h prior to the phenylquinone 
injection showed definite antagonistic activity to the 
wiithing response (Table 3), and their potencies in this 
respect closely followed their activities as mhuibritors of 
monoamme oxidase Harmine and pargyline also inhibited 
the writhing response This result need not necessarily 
preclude involvement of 5HT m the writhing response 
since MAOIs might mhuibit rts release from peripheral 
stores 
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Table 3 ANTAGONISTIC EXPECTS OF MONOAMINE OXIDASE INHIBITORS 
ON THE PHENYLQUINONE WRITHING RESPONSE IN MICE 


Compound EDs, (95 per cent confidence limits) 
(mg/kg) 
Tranylicypromine 870 (2 21-6 18) 
Phenelzine 770 (3 50-16 9) 
Tproniazid 112 (62 2-201) 


As 2, result of these tests two additional classes of com- 
pounds, 5HT antagonists and MAOT’s, have been shown to 
be potent inhibitors of phenylquinone-induced writhing in 
mice ‘This adds to the type of compounds already known 
to be active in this test. One might, therefore, ask if the 
test has any predictive value in the pharmacological 
evaluation of new compounds Certainly, a positive 
result can no longer be regarded as indicating a high 
probability of weak analgesic or anti-mflammatory 
activity However, we believe the test 1s of value as a 
simple primary screening test to detect a diversity of 
known pharmacological types These have to be charac- 
terized, more fully by other tests 
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Production of 6-Aminopenicillanic Acid by 
Dermatophytes 


Fortowine the isolation of 6-ammopenicillanie acid 
(6-APA) by Batchelor eé al 12, a number of papers dealing 
with its formation both by fermentation and by microbial 
hydrolysis have been published’ Cole and Rolinson* 
recently reported on production of 6-APA by certain 
species of Cephalosporivum and Hmericellopsis 

As we showed some years ago that Trichophyton strains 
were able to produce penicillms®-*, dermatophytes were 
examined for production of 6-APA For this purpose, 70 
dermatophyte strains were exammed The experiments 
were carried out in shaken cultures m precursor-free media 
The quantity of 6-APA was measured by a fast biological 
method’ and was identified also by paper chromatography. 
Each test was repeated three times m duplicate. A proto- 






| Activity of 6-APA in 
e ronnen aon fermentation 
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e first section of Table 1 shows the quantity of 6-APA 
röduced tbrough fermentation, and the second indicates 
the penicillinacylase activity of the same strains. The 
rst column shows the total antibiotic activity of the 
rmentation fluid, the second shows the 6-APA content 
ree in the broth, and the third one discloses the amount 
-APA in the concentrated acetonie extract of the 
washed mycelium’. 

s may be seen, dermatophytes are capable of syn- 
hesizing 6-APA in various amounts, just like other 
penicillin-producing moulds are. 

<- Furthermore, the penicillinacylaso activity of the 
_ fermentation broth and separately that of the washed 
mycelium of dermatophytes was examined. The values 
reveal that dermatophytes are able to produce both endo- 
. and exo-cellular penicillinacylase, and that they form 
_ -6-APA from phenoxymethylpenicillin more readily and 
_ abundantly than from benzylpenicillin. Mycelium gener- 
ally has a ‘higher activity than fermentation fluid. This 
is generally characteristic of moulds. Production of 
- < penicillinacylase by dermatophytes can be increased by 
o administering the adequate acid. 

__ The presence of penicillinacylase activity in dermato- 
ae phytes i is thus’ shown, and that 6-APA could be a product 
of dermatophytes is suggested. This may be the reason 
of the ineffectiveness of penicillins in the treatment of 
_ fungal infections caused by dermatophytes. 
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4 Increased Concentrations of Blood Lipids in 
< Guinea Pigs poisoned by Sarin 


[x the course of routine withdrawal of blood samples 
from guinea pigs treated with the anticholinesterase sarin 
isopropyl methylphosphonofluoridate) it was noticed that 
ples taken from some animals were milky in appear- 
ance. This visible hyperlipemia was found to be more 
‘alent in the female, and this communication describes 

expériments which led to this finding. 
Malo and female guinea pigs from the local colony (500- 
0 g) were injected subcutaneously with sarin (1,500 
fkg, that is, approximately | 30 LD. doses) and treated 
rarmuscularly wi h an oxime, 2-hydroxyiminomethyl- 
i e sulphonate (P28) 30 mg/kg, 





‘The cholinesterase reactivator P28 


6-APA in | ee Penicillinacylase activity of AS 
acetonic broth mycel, broth mycel. 
extract for 
of myc. i penicillin G penicillin Y ; 
6-0 6-20 20-50 80-600 300-900 
05 O O7- 1-5 9 30-50 
OG | 6 2-10 20-100 80-150 
0-4 | 1 1-6 20-50 20-60 
Gi 1~4 4-8 60-150 300-400 
+ 1-2 80--150 10-30 50-200 













injected aaa would be obtained depite thë e high 
of sarin. 

Because the majority of the survivors of sarin po 
were spastically paralysed and incapable of, or disinte 
in, feeding or drinking, both the survivors and the 
were deprived of feed and water during the expe 
period. . 
Three days after the injection of sarin, the animals 
killed and biood samples were drawn from the heart (ch 
opened after blow on the neck). The blood samples: wore 
allowed to clot and spun in a centrifuge at 1,900g fo 








phorus!:? were used as indexes of the degree of lipemia, 


Cholesterol was also estimated in the earlier stages of- ` 


the experiment, but since the rise in total cholesterol 
paralleled the increase in lipid phosphorus, they were dis- 
continued. l 

As illustrated in Fig. 1, the difference in lipid content 
between samples of blood drawn from poisoned animals 
and controls was evident to the eye. As the saniples 
cooled to room temperature, large masses of lipid material 
precipitated from solution. In the sample drawn from 
the female guinea pig with hyperlipemia illustrated in 
Fig. 1 the lipid phosphorus was 30-6 mg per cent whereas 
that of the control was 3-4 mg per cent. 





Fig. 1, 


Hyperlipemia in a sy aaa pig treated with sarin (1,600 
pg 


Left test-tube, lipid phosphorus = 3-4 mg per cent ; right, test-tabe, 7 
‘pid phosphorus = 80-6 mg per cent 


- Notice that the black line drawn behind the test tubes cannot, be seon 


behind the hyperlipemic sample. The photograph is shown to èm- 
phasize ii point that the lipid phosphorus measured is only one com: 
ponent of a general hyperlipemia 








min and the entire supernatant was collected for analysis. ~ 
Phospholipid concentrations determined as lipid phos. 
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ı females, the mean concentration of lipid phos- 
eing the same in male guinea pigs whether sarin- 
ned or controls. Only three males had definite raised 

nosphorus (15-0, 6-6 and 5-8 mg per cent) out of 29 
‘ivors poisoned with sarin. 





“Table 1, LIPID PHOSPHORUS CONCENTRATIONS (MG PER CENT) OF SARIN- 

oo “URREAPED AND UNTREATED MALE AND FEMALE GUINEA PIGS 

Cn eS Females Males : 

Experimental — 
treated with 

sarin, P28 

and atropine 

30 


Controls ~ 
treated. _ 

with P28 and 
atropine 


Experimental — 
treated with 
sarin, P2S 
and atropine 


oo Controls ~ 
treated 

- with P28 and 
atropine 
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Difference in weight loss during the three days offered 
| no explanation of the sex difference, loss of weight being 
+» approximately the same for both sexes (21-4 and 23-0 per 

cent respectively : Table 2). Attempts to correlate loss 
in weight and degree of hyperlipzmia in the case of 
individual animals gave negative results. Also, it is not 
sufficient to say that the acute effects of sarin poisoning 
caused the observed increase in blood lipids since only 
-three male guinea pigs showed elevated blood lipid phos- 
_ phorus. Animals which showed no hyperlipemia were as 
_ spastically paralysed as those with increased blood lipids. 
_ All surviving animals showed some degree of paralysis, 
but it varied greatly in intensity, ranging from a few 
showing very little paralysis of their limbs to a few which 
could not right themselves (involvement of all four limbs). 
able 2. MEAN Percentage Losses IN WEIGHT OF SARIN-TREATED AND 
oo UNTREATED MALE AND FEMALE GUINEA PIGS (LISTED IN TABLE 1) 
HA Females Males 
Experimental — Experimental — 
treated with treated with 


sarin, P28 sarin, P28 
and atropine P atropine and atropine 


2i 202 23-0 


pt 98% 95% 95% "95% 
Jo confidence | confidence contidence confidence 
ye limits 1 limits i limits limits — 


OE 99-285 146-282 15-2-25-2 15-6-30-4 
















` Controls - 


Controls — 
. treated 
with P25 and 


treated 
with P2S and 


__. A possible explanation of sarin-induced hyperlipemia 
- is inhibition of esterases (including cholinesterases) con- 

erned in lipid metabolism. Gerebtzoff? expressed. the 
pinion: that. there is “some vague relationship between 
cholinesterases and lipid metabolism”. To explain the 
ference observed, it is necessary to postulate either 
he esterases differ in the two sexes or that they are 
l steptible to inhibition by sarin by some factor 
peculiar ‘to the female. Kritchevsky et al.4 have stated 
that there are differences in cholesterol metabolism be- 
tween male and female rats which can be influenced by 
gonadectomy and cestrogenization. Also, they found that 
only some of the rats oxidized cholesterol at some fixed 










rate whereas another group of rats within the population} 
oxidized cholesterol at a higher rate. The results presented ¢ 
by Kritchevsky et al.4 are similar to those presented here i 






















lipid 





phosphorus 1-4-59-6 mg per cent). | fae 

A reference should be made to the fact that sarin 
established neurotoxic agent in chickens', causing € 
lination and axonal degeneration. Increase in: 
blood lipids may possibly reflect biochemical lesions 
unknown, which have neurotoxic effects. Guin re 
said to be resistant to paralysis with neurotoxic com- 
pounds’, but demyelination occurs in rats which are al 
said to be resistant’. There is, however, to our knowledge, 
no reference in the literature to any difference in degree 
of neurotoxicity based on sex. eo 
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Formation of Ferrihemoglobin of Isolated 
Human Hemoglobin Types by Sodium 
Nitrite 

THE sensitivity of hemoglobins to oxidation by potas: 
sium ferricyanide and sodium nitrite (NaNO,) has been 
examined extensively!, During treatment. of oxyhemo- 
globin with NaNO,, both components are oxidized through 
a combination of different reactions, the total reaction 
being summarized as follows: NaNO,+2R-Fett 
O, + H,O-+NaNO, + 2R-Fet+'OH +0, (ref. 2). The rate 
of ferrihamoglobin formation by the action of N aNQ, can 
be calculated from the sigmoid curve representing the 
relation between reaction time and per cent of ferrihemo- 
globin and is expressed as the time required for 50 per cen 
oxidation of the hemoglobin (T 1/2). It has been a 
strated that the hemoglobin of cord red blood cells, whic 
is composed mainly of foetal hemoglobin (I 
particularly sensitive to treatment with NaNO; 

















ent, 


the structural difference between Hb-F and- Hb.. 
located in one of the two types of polypeptide chai 
Hb-F being composed of 2 «-chains and 2 y-chains (a, 
and Hb-A of 2 a-chains and 2 8-chains (%82), the pos 
bility is present that NaNO, will react differently v 
human hemoglobin types of other structural compo 
The following human hemoglobin types ha 
investigated: Hb-A; Hb-S (a.8,%val, “ref. 3) 
(aB,‘1vs, ref. 4); Hb-F; Hb-Bart’s (ya ref. 5) 
(%28a); Hb-A,’ a variant of Hb-A, (ref. 6); Hb 
orm 
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water at 4°C for 24h The methemoglobin formation 
rates were investigated 26-30 h after the isolation following 
the technique described by Betke et al 2? The concentration 
of each solution was adjusted in such a way that the 
optical density read 0 800+0005 at 500 my using the 
Beckman DU spectrophotometer and l-cm quartz 
cuvettes The solution was kept at room temperature 
for 1 h and diluted with an equal volume of a 02 M 
sodium phosphate buffer at pH 7004002 The formation 
of ferrihemoglobi was measured, after introduemg 0 05 
ml of a 0025 M NaNO, solution with a muicro-syringe 
(accuracy 1 per cent) into 30 ml of the hamoglobin— 
phosphate buffer mixture, by determining the increase of 
optical density at 500 mp at certain time intervals The 
oxidation was found completed when no further increase 
in the optical density readings at 500 mu was observed, 
which was confirmed by the determmation of the spectra 
between 430 and 700 mp using the Beckman DK-2 
spectrophotometer The molar ratio between hemoglobin 
(calculated on 1/4 of the molecular weight at 68 000) and 
NaNO, was 1 59 In some experments 01, 0 075, and 
00375 ml of NaNO, solutions were added to the hemo- 
globin solution The rate of ferrrhemoglobin formation 
of the 1solated buffered Hb-M-Kankakee (initial optical 
density readings 0780 and 0785) was measured by 
determining the decrease ın optical density readings at 
576 mp (Beckman DU, 1-cm quartz cuvettes) 
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From the ferrrhemoglobin formation curves m Fig 1, 1t 
is evident that isolated Hb-A, 1s more resistant to NaNO, 
oxidation than Hb-A, When the T 1/2 values of isolated 
Hb-A., Hb-A,’ and Hb-Lepore were compared with the 
T 1/2 values of Hb-A, fractions, which were isolated 
concurrently, a 7~11-fold decrease ın the rate of ferri- 
hemoglobin formation was found The §-chain 
abnormalities, Hb-S and Hb-C, did not differ from Hb-A 
The T 1/2 values established for Hb-F (azy,), Hb-Bart’s 
(y,) and Hb-A-GSSG were 0 41, 0 23 and 0 61 times the 
T 1/2 value of Hb-A, respectively It seems, therefore, 
that hemoglobin types composed of «-chains and normal 
or abnormal -chams are oxidized by NaNO, at a low 
rate, while the oxidation of normal Hb-A or hemoglobm 
components with abnormal f-chains is intermediate 
between those of Hb-A, and the y-chains containmg Hb-F 
Alteration of the §-chains of Hb-A by the introduction of 


NATURE 


899 


one glutathione residue into each 6-cham imereases the 
ferrrhemoglobin formation rate Hhb-Bart’s ıs oxidized at 
an extremely high rate 

Another feature of the sigmoid oxidization curves 
(Fig 1) 18 an initially slow increase ın the formation of 
ferrthemoglobin, while a steep rise was observed when 
about 50 per cent of the available ferrous iron of the 
hemoglobin was oxidized These observations may 
indicate that during the action by NaNO, the ferrous iron 
of the hem groups of the §- or B- or y- chains 18 oxidized 
first (at different rates), followed by an extremely rapid 
oxidation of the ferrous iron of the heme groups of the 
a-chains, which are commonly present in Hb-A, Hb-F 
and Hb-A, This hypothesis has been supported by 
investigations of the sodium nitrite oxidation of isolated 
Hb-M-Kankakee The oxidation of the unaltered ferrous 
iron, of the hæm groups of §-chams was found to proceed 
slowly, the curves being hyperbohe rather than sigmoid 
in shape 

The final increase occurring after the logarithmic rise 
in optical densities of Hb-A,, Hb-A,’ and Hb-Lepore at 
500 mu by the action of NaNO, was always considerably 
less than those observed for Hb-A and its variants and for 
Hb-F (Fig 1) No additional merease was seen after the 
addition of excess oxidant The visible spectra of the 
fermhzemoglobm derivatives of Hb-A,, Hb-A,’ and Hb- 
Lepore and of Hb-A, measured at a pH of 7 0, offered the 
explanation for these observations since notable differ- 
ences were present The millimolar extinction values for 
the isolated Hb-A, at the wave-lengths 630, 565, 530 and 
500 mu were 3 15, 5 85, 8 25 and 8 65 and for the isolated 
Hb-A, 3 8, 4 95, 765 and 9 35 respectively The spectra 
of the oxy-, reduced, CO-, and cyanmethemoglobn 
derivatives of Hb-A, and Hb-A were identical It 1s 
noteworthy that similar spectral deviations were observed 
when Hb-A, and Hb-A, were oxidized by potassium 
ferricyanide 
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Role of Liver in the Inactivation of 
Erythropoietin r 

THERE is still considerable uncertainty as to the site 
or sites of inactivation of erythropoietin (ESF) Jacobsen 
et al! found that plasma extracts obtaimed from rabbits 
treated with acetylphenylhydrazine (APH) showed definite 
ESF activity when tested m hypophysectomized rats 
These APH-treated rabbits had evidence of liver damage 
In plasma extracts obtamed from animals without evident 
liver damage, no erythropoietic activity was observed 
Prentice and Mirand?! placed normal rats under low 
oxygen tension (8-12 per cent) and did not detect ESF 
in their plasma When the experiment was repeated on 
rats treated with carbon tetrachloride, ESF was found mn 
the plasma When plasma obtained from anmnals treated 
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Table 1 EFFECT OF LIVER PERFUSION ON ACTIVITY OF ESF* 
(Activity 3h 1ron-59 bioassay m starved rats) 
A % Dosem **Fey/ml % Dosem % Dose m 
Groups plasma plasma erythrocytes tibie 


p 


Control perfusate 
(30 min) 


ESF incubated with 
Ringer solution (30 min) 
90-muin perfusion 
180-min perfusion 

ESF mneubated with 
saline solution 


446 25 0 23 14 
Perfusion 1 


tite Oo 


erfusion 
2-min perfusion 
240-min perfusion 
860-min perfusion 
ESF incubated with 
saline solution 61 


* BSF Armour Lot No HK, from APH sheep plasma 

Bioassay values represent mean of at least 6 rats per group 

Groups 2-5 each rat recerved a volume of perfusate to which 4 2 cobalt 
units of ESF had been added, groups 6-8 a volume of perfusate to which 
28 cobalt units had been added 

Liver and spleen were also analysed and showed simular patterns 
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with APH was injected directly into the portal vein, no 
erythropoietic response was observed When such plasma 
was injected into the jugular vem, a definite effect was 
obtained From this observation they concluded that liver 
has a role in the mactivation of ESF 

Burke and Morse‘ perfused livers from normal rats with 
blood obtained from rats treated with cobaltous chloride 
They assayed for ESF by measuring uptake of rron-59 by 
red blood cells ən vwo by fasting rats, and significant 
decrease in ESF activity was observed within 3 h of per- 
fusion When similar experiments were performed with 
carbon tetrachloride poisoned hvers, no reduction in ESF- 
level was observed They therefore concluded that the 
liver participates ın the removal of ESF from the blood 

Stohlman and Brecher® showed that plasma obtained. 
from APH-treated rabbits was active whether or not there 
was liver damage Later, Stohlman® showed that in 
animals where the bone marrow was damaged by radia- 
tion the ESF-levels were higher than ın controls and it 
was concluded that bone marrow may be the site of 
utilization and/or inactivation of ESF. These conflicting 
results have led us to re-examme this problem m the 
wolated perfused rat liver system where known amounts 
of exogenous ESF were added to the perfusate 

Rat livers were perfused by the method of Miller et af 7 
Plasma was separated and the buffy coat removed The 
red. blood cells were washed with Ringer’s solution, diluted 
to 2 3 tumes thew volume with Ringer’s solution and 25 mg 
heparm and 140 mg glucose added The total volume of 
the perfusate was 100 ml 

The hver was perfused for 30 min 20 ml of perfusate 
were then removed and kept inside the perfusion chamber 
as a control (Table 1, group 1) A sheep plasma ESF 
preparation was added to the perfusate m amounts of 
3 cobalt units/ml and samples were taken at.the tumes 
mdicated m Table 1 The red blood cells were separated 
and the supernatant was refrigerated until the bioassay 
was performed The same concentration of ESF present 
in thé perfusate was incubated with either 08 per cent 
sodium chloride solution or red blood cell Ringer’s solution 
and kept for the duration of the experyment ın the per- 
fusion chamber at 38°C (Table 1, groups 2, 5, 9) 

Samples from the perfusate and the controls were tested 
by bioassay m rats by the method of Hodgson et al § 
Fasting rats were used and on the third and fourth day 
of fasting they were mjected with aliquots of the super- 
natant of the perfusate and killed on the fifth day. Three 
hours prior to death, iron-59 (01 pe /rat) previously 
incubated with homologous plasma was given mtraven- 
ously Blood, tibiz, spleen and hver were removed, pro- 
cessed and counted ın a well-type scintillation counter. 

It 1s clearly shown that there are no differences m ESF 
activity between the samples obtamed after perfusion and 
the controls incubated with either Ringer’s or saline 
solutions. The validity of thé assay 1s demonstrated by 
the difference between the control without added ESF 
and the control to which ESF has been added 
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If the estimated biological half-lıfe of ESF ıs 8 h and 
if the liver had a role ın the conjugation of this hormone, 
then certainly an effect should have been observed 

Our results are not m agreement with the findings of 
Burke and Morse: It must be noted that ın their experi- 
ments blood with a high endogenous titre of ESF was 
used as perfusate, whereas m the present experiments 
ESF was added to the red blood cell Ringer’s mixture 

On the basis of these findings, it 1s concluded that 
exogenous ESF ıs not imactivated by the perfused rat 
liver The reasons for the differences between the þe- 
haviour of endogenous and exogenous ESF are not 
apparent 
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Electrophoretic Patterns of Macaca‘ mulatta 
and Macaca nemestrina Hybrid Hemoglobin 


VARIATIONS in the electrophoretic mobilities of hemo- 
globin have been described ın many species of sub-human 
primates", A colony of 524 Macaca mulatta and 13 
Macaca nemestrina was surveyed for hemoglobin types 
by filter paper electrophoresis Two animals within the 
group had physical characteristics which combined 
features of both M, mulatta and M nemestrina These 
animals were purchased from the Miami Rare Burd 
Farm, Kendall, Florida, as part of a group of M 
nemestruna 

Capillary blood of all anımals was used for determmation 
of the hemoglobin type usmg 0 0125 M veronal buffer at 
pH 8 6 (ref 7) Venous blood was drawn from any animal 
with an abnormal pattern, and the method adopting 
0 019 M barbital buffer at pH 8 6 was used? 

The hæmoglobin of M. mulatta had the electro- 
phoretic mobility characteristic of human hemoglobin 
type A (refs 3 and 4), while the mobility of the hemo- 
globin of M nemestrina was distinctly greater No 
variation within either group could be detected The 
hemoglobin patterns of the suspected hybrids had both 
the slow component of the M mulatta and the more 
rapid component of the M nemesirona Fig 1 18 a 
photograph of the electrophoretic patterns obtained from 
three representative animals 

A M. nemesirina female and a M mulatta male were 
mated in the laboratory, and a premature, but viable, 
hybrid was obtained This anımal had a hemoglobm 
pattern the same as that of the two suspected hybrids 
Both the suspected hybrids were females and both had 
been mated successfully, one to a M mulatta and the 
other to a M nemestrina 

It 1s of interest that the hybridization of the two species 
occurs readily in the laboratory, and it might be suspected 
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Fig. 1, Electrophoretic patterns of hamoglobins of : (N) Macaca neme- 
- strina: (H hybrid; (My Macaca mulatia 


~ | ke two a which were ia aiis were the 


inate s was pointed out be J Boab and Tappen?. glean 
ions of hybrids would help to elucidate the genetic 
mechanism of hemoglobin transmission. At the present 
ne, the difference between the hemoglobins of the two 
ipecies is used for measuring the viability of bone marrow 
ransplants i in irradiated animals. 
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Acetjicholinestarais Inactivation of Enzyme- 
treated Erythrocytes 


oe “Tax molecular architecture of the red cell membrane 
: ormed mainly by lipids and proteins is not known; but it 
s possible to obtain information about its surface struc- 
ture with the aid of agents which act on components 
located at the outer surface of the erythrocyte. This 
approach has been used to show the role of sialic acids in 
sho electrokinetic behaviour of erythrocytes in an electro- 

nedium?. 
atment of red cells with proteolytic enzymes has been 
ely used in blood-grouping techniques since Morton 
and. Pickles? made the observation that trypsinized ery- 
throcytes were agglutinated in saline suspension by in- 
ymplete Rh antibodies. 
hich these enzymes exert their serological effect is not 
understood, although it has been demonstrated that this 
kind of treatment causes decrease in the electrophoretic 
mobility of erythrocytes’, associated with the release of 
N-acylated neuraminic acid-containing mucoids'!, destruc- 
tion of various blood group receptorsé, reduction of in vivo 
rvivalt and lysis in response to pH changes’. Prager 
t al. have demonstrated that diisopropyl phosphoryl 
ypsin and p-chloromercuribenzoate-inactivated. papain 
re bound to the red cell surface but did not possess any 
gical effect, therefore suggesting that the proteins 

. tically in order to affect agglutination. , 
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However, the mechanism by 


: - aminidase™® — 
recognized in the red cell 
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gated and previous studies have howe that the. nape 
of this enzyme is reduced in new-borns affected with 2 
hemolytic disease’. A similar defect has been. dest 
in erythrocytes of patients with paroxysmal nocturnal | 
hemoglobinuria® and one of the features of this disease is 
the hemolysis caused by acidified normal serum. “Yachnin 
et al.’ have shown that normal erythrocytes were made 
susceptible to lysis in response to changes in pH, by 
treatment with proteolytic enzymes, neuraminidase or 
sodium periodate; however, the effect of these agents on 
the red cell acetylcholinesterase was not examined. This 
communication gives the results of such an investigation. 
Blood obtained from normal adult individuals was 








-centrifuged and the erythrocytes washed 3 times with 


20 volumes of 0-15 M sodium chloride solution. To one 5 


volume of packed cells, four volumes of buffered enzyr 









solution prepared according to Morton? were added and 
incubated for 30 min at 37°C. Cells incubated with bu fer 
were used as controls. At the end of the incubation. peri 
cells were washed 3 times with ice-cold saline anda 50° 
cent cell suspension was prepared. No noticeable. 
lysis was observed during the manipulation of the cells pegs ta 
Measurements of acetylcholinesterase activity were Ə per- A atl 
formed with the acetylthiocholine method", : 
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Table 1. ERYTHROCYTE ACETYLCHOLINESTERASE 
PROTEOLYTIC ENZYMES 
Enzyme Concentration Inactivation 
(mgmt) (Ray a 
Crade trypsin* 1 87... 
Oryst. trypsint : eg 
1B 
Crude papain t 1 - 94 
Cryst. papain t i 100 
Cryst. y-chymotrypsin t 1 78 
Crude bromelint 1 8g 
Soluble lipaset 0 3 
Lysozyme t 10 `f 
Neuraminidase§ 20,000 vimi. G 


To 0-2 ml. packed celis 0-8 ml. of buffered enzyme solution was added 
After 30 min at 37° C cells were washed three times with 20 vol. of ice-cold 
saline solution and activity was measured as indicated in text. Percentage 
of inactivation related to controls incubated without enzyme. 

* Nutritional Biochemicals Corporation, Cleveland, Ohio. 

+ Sigma Chemical Co., St. Louis, Mo. 

Mann Research Laboratories, New York. 
Gift from Dr. G. L. Ada, Melbourne, Australia. 


Tablo 1 indicates the percentage of inactivation of 
acetylcholinesterase of intact erythrocytes as compared 
with the controls incubated with buffer, and it can be 
noticed that the concentrations of proteolytic enzymes 
correspond to those routinely used in the detection of 
incomplete antibodies. When red cell ghosts, prepared by | 
osmotically induced hemolysis or by freeze-thawing, were 
incubated with proteases a similar inactivation of the 
enzyme was observed. From experiments in which 
solubilized acetylcholinesterase was mixed with trypsin 
and initial rates measured for 2 min or when trypsin was. 
added at various time intervals to complete assay systems. oT 
it was possible to infer that this proteolytic enzyme did 
not interfere with the measurement of the acetyleh 
esterase activity. This possibility was also ruled or 
the activity was measured by a modification of th 
metric method of Michel’. No significant acetylcholines- 
terase activity could be detected in the supernatant solu- ' 
tion after enzymatic treatment. 

Studies of the time course of the enzymatic. ase: 
cholinesterase inactivation over a 60-min period at 37° C 
revealed an exponential loss of activity with first-order 
kinetics, as can be observed from Fig. T. This observation 
is compatible with the indication that proteases do not act 
merely by binding to the red cell membrane but by an 
active proteolytic process. In experiments in which red 
cells were agglutinated with their ABO iso-antibodies, no 
protection against proteolytic inactivation of acetyl- 
cholinesterase could be detected. Treatment of erythro- 
cytes for 24 h with highly purified cholera vibrio neur- 
did not inactivate acetylcholine 
suggesting that N-acetyl neuraminic acid, an inte, 
of the humen erythrocyte surface, was not | 380 
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; Effect of time and concentration on erythrocyte acetyleholin- 
qe esterase inactivation by bromelin. To 0-1 ml. of a 50 per cent cell 
oo Sispension O4 mi. of bromelin in 0-1 M phosphate buffer, pH 6-0, was 
oS added, tubes incubated at 37° C for time indicated, immediately washed 
‘three: tim 20 vol. ice-cold 0-15 M sodium chloride solution and 
- 9) Stored as 50 per cent cell suspension at. 4° È. Activity was measured as 
. dadicated in. text. O, 0-1 mg/ml; x, 1 mg/ml:; @, 10 mg/ml. 
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-the activity of the enzyme. Lysozyme and lipase (10 mg/ 


_ ral.) were equally ineffective. 
| The activity of intracellularly located enzymes, such as 


-> lactic dehydrogenase, glucose-6-phosphate dehydrogenase, 


_ acid phosphatase and inorganic pyrophosphatase as well as 
_ the stromal enzymes alkaline phosphatase and adenosine 


: e i: -o triphosphatase; was not affected by treatment of whole red 
<o o cells with proteolytic enzymes. 
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e added in proof. Since this paper was submitted 
blication, Firkin et al. (Australasian Ann. Med., 12, 
163) have reported acetylcholinesterase inactivation 


o by trypsin and chymotrypsin. 
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PER CENT CASES LYSING AT END OF 90 MIN. 
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riginally described thro 
as primarily a thrombotic process occurring i 
veins; later he postulated that the thro 
from an angiitis*. Impressed with the thro 
of the disease, our laboratory tndertook a 
of elot formation and dissolution in Bu 
Clots obtained from patients diagnosed as 
Buerger’s disease were exposed to varying 
of streptokinase (‘Varidase’; Lederle Ls 
were clots obtained from normal patients 
blood clots obtained from normal patients wei 
resistant to high concentrations of streptokinase 
concentrations of streptokinase completely disso 
clots obtained from cases with thromboangiitis « : 
In recent years the entire concept of thromboangiitis. 
obliterans as an entity has come under attack®, The 
findings described here would lend support to the concept 
of ccnsidering Buerger’s disease a distinct entity. ee 
Seven male patients (aged 36-46 ; average, 42), who had. 
previously had amputations for thromboangiitis obliterans, 
were evaluated; none of these cases was in an acute 
phase of the disease. Only two cases had had an amputa- 
tion within one year of the time of the investigation ; the 
others had had an amputation 1-16 years previously. _ ; 
Fifty-nine controls were used consisting of 28 normal 
individuals with an average age of 35 and 31. patients 
admitted to the hospital for various states of disease. 
The average age of the patient controls was 54 years. x 
Of the 31 patients, there were six patients who had ünder- 
gone lower extremity amputations for atherosclerosis. 
The method of testing was as follows : Tubes containing 
concentrations of streptokinase beginning at 100 units and 
increasing to 2,500 units were prepared ; 1 ¢.c. of freshly 
drawn patient's blood was then added to each test tube, 
The volume was kept constant. The blood and strepto- 
kinase were mixéd and then allowed to remain undisturbed- 
for 20 min, during which time clotting occurred. After- 
wards the tubes were incubated at 37° C for 70 min. Thus. 
a total of 90 min elapsed from the time of collection of 
the blood sample until completion of the test. Each elot 
was observed for the length of time necessary for complete- 
lysie; however, if this did not occur during the 70 mno 
of incubation, no further observations were made, —— 
Tt was found that 50 per cent. of the control clots ceasec 
to lyse; when the concentration of streptokinase rea 


1,500 units. None of the control clots lysed when 
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lity. of an inhibitor preventing clot lysis at 
oncentration has been suggested‘. Investigations 
g carried out to explain further this mechanism 
normal indi vidiel and: the difference: now» in. cases 
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lactic . Déhydřoğėtiase in LI210 Cells 


oe " Paomrten by the striking difference in lactic dehydro- 
"penne activity observed by Woodliff' in sensitive £1210 
 Jeukemic cells compared with those resistant to. ametho- 
— pterin and 6-mereaptopurine we have examined lactic 
_ dehydrogenase-levels in sensitive L1210Z and a strain 
- (21210059) resistant to both amethopterm and 6-mer- 
aE captopurine and partially resistant to cytoxan. 
_ Tumour-bearing mice were kindly supplied by Dr. A. 
Goldin and Mr. 8. R. Humphreys and maintained as 
already described". The mice used. were B6D2P, 
- (C5TBL/6J9 x DBA j2J8).. Local tumours (average 
- weight 250 mg) from the site of injection and infiltrated 
spleens (500 mg, 5 times normal weight) were removed 
9-12 days after inoculation and stored at —15° two 
_ weeks prior to preparation of the enzyme extracts. These 
- extracta were prepared by homogenizing the tissues in 
8 volumes of chilled 0-1 M sodium phosphate buffer, pH 
7-0, followed by centrifugation at. 60,000g for 30 min. 
-| Protein content was measured spectrophotometrically®. 
Fach l-al. incubation contained DPNH 0-00013 M, 
eee sodium pyruvate 0-002 M, sodium phosphate, pH 7-0, 
“0-1 M, and 14 ug protein; read i in a Beckman DU spectro- 
2 photometer at 32°. The A absorbance for a control 
~~ jneubated without pyruvate was. 0-004/min. | 
shown in Table 1, we could reveal no difference in 
dehydrogenase: activity in extracts of sensitive and 


















Le Laon DanYpROGENASE IN TUMOUR CELL EXTRACTS 
‘Initial A absorbance/min. 
(340 mp) 


Sensitive Tal kani 


E 0-062 
“Resistant local tumour 0-058 
© Sensitive spleen toS? 

- Resistant spleen 0-052 


oresist by Dr. L. A. Costello of Brandeis "Univer- 
shown to be predominantly the muscle (M) type. 
) type was barely detectable. M,H, MHo, 
ge in trace amounts which Coreen? in 
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measure. lactic dehydrogenase 1 may y reveal a difference in 
‘amount 






of enzyme present. i 
We conelude that lactic detidas: in ex rei oË. 
the drug-sensitive and drug-resistant £1210 cells examined 
is quantitatively and qualitatively the same. — 
R. L. Kisnrox* 
G. ZEL 
H. A. WALTER, JN 
G. F. NORBERT 
U. F. HvB | 
R. P. D'Amico 
Department of Pharmacology, 
Tufts University School of Medicine, 
Boston 11, Mass. > 
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Distribution of Endogenous and Parenterally 
Administered Porphyrin in Viable and Necrotic 
Portions of a Transplantable Tumour > 


TETRAPHENYLPORPHINESULPHONATE (TPPS) is a syn- 
thetic, non-naturally occurring porphine derivative which 
accumulates to a greater extent in the tumours than in the 
other tissues of tumour-bearing rats after parenteral- 
administration!. Because of its optical and solubility 


properties it can be differentiated from, and analysed in - 


the presence of, endogenous porphyrin. These properties: 
made possible quantitative study of two aspects of the 
tumour localization of porphyrin that had been seen gross- 
ly with other parenterally administered porphyrine : the 
greater apparent accumulation in the necrotic portions of 
the tumours*-*, and the absence of apparent red fluorescence 
in some tissues despite high porphyrin concentrations‘. 
Quantitative analyses ofendogenous porphyrin and TPPS 
were done by an extraction procedure and spectrophoto- - 
metric assay developed for this purpose and- deseribed- 
previously’. This assay utilizes the complete separation 
of the major absorption peak of TPPS at 438 mu from 
that of endogenous porphyrin at 407 my in dilute acid. 
Three zones of the Walker carcinosarcoma 256, grown 1s. 
days, were separated by dissection : (1) sub-capsular tissue, — 
comprising about 2 mm depth from the surface ; (2) viable 
tissue of a homogeneous grey-white colours (3) non- 
hæmorrhagic necrotic zone in which small diserete, pearly 
white areas, identified histologically as regions of necrosis, 
merge towards the centre of the tumour. 
In Table 1 is shown the distribution of endogenous s 
porphyrin in the three zones of control tumours, and of 
TPPS in tumours from rats that received 5-0 mg TPPS 
intravenously 24 h before killing. The concentrat: f 
TPPS was considerably higher than that of the end 
porphyrin in all zones of the tumour. TPPS. 
highly concentrated in the necrotic area, as 
endogenous porphyrin. TPPS concentration in the e 
portion of tumour was also high, while that of the 
endogenous porphyrin was low, about that found in 
12-day-old non-necrotie tumours’. The difference between 









Table 1. ENDOGENOUS PORPHYRIN AND TPPS IN SuR-capaviaa Vien 
AND NECROTIC ZONES OF WALKER 256 CARCINOSARCOMA gh od 
Control Experimental 
6 animals). bas animals) 
mg endogenous E TPPSig- 
porphyrin*/ net ‘walt ; 
gm net weight : l Fe ae 
Sub-capsular mean i. $.D. G6 t P3 22-5 
_ Viable _ mean + S.D. Pg 17 - 84 
i o EEE : OR 








" scaleulated on the basis of (87 % y 49x10 (ref. D 














_. rather than endogenous porphyrin having arisen in situ 
from. broken-down hem. The high concentration of 
EPPS and the low concentration of endogenous por- 





as -. phyrin in the viable portion of the tumour represent 


the major difference in the pattern of their distrib- 
ition. While there was no significant removal of 


-> >. endogenous porphyrin from the circulation into the viable 
- portion of these tumours, such a mechanism could explain 


“the concentration of parenterally administered hamato- 
+ porphyrin’, as well as the spontaneous accumulation of 
natural porphyrins that is known to occur in non-necrotic 
tumours and in the viable portion of necrotic tumours. 
The far greater apparent fluorescence of the necrotic 
pertions seemed out of proportion to the differences in 
-‘TPPS concentration found on analysis. This is seen in 
Fig. 1, which shows the appearance under ultra-violet 
light of a tumour which grew for 24 days. The rat 
received 5 mg TPPS 24 h before killing. The brightest 
. fluorescence occurred in the discrete, pearly white, necrotic 
foci. that merge towards a central area of hemorrhagic 
necrosis in which no fluorescence is apparent. In control 
tumours of this age a faint red fluorescence was seen in 
areas of non-hemorrhagiec necrosis. 





p Fig. L Black-and-white reproduction of the colour photograph taken 
under ultra-violet light of the cut surface of the Walker-256 carcino- 
‘sarcoma. White areas represent red fluorescing areas in the original 


_.. . We have found that the liver, spleen and kidney exhibit 
no red fluorescence despite TPPS concentrations as high 
_. as 39- ng/g, while much lower concentrations conferred 
... brilliant red fluorescence on tumours, and especially their 
-  non-hemorrhagic areas. The same effect occurred when 








_ Supernatant solutions of these tissues. Blood was shown 
-to act as a non-fluorescent absorber of the wave-lengths 
- that excite TPPS fluorescence. Decreasing the excitation 
path-length increased the instrumentally measurable 
fluorescence, and in the limiting case of zero path-length, 
quantitative measurement of TPPS can be made even in 
turbid homogenates of liver, spleen and kidney from the 


fluorescent emission of the surface of the cuvette’. The _ 


redder the tissue, the less apparent was the red fluorescence 
visually. A possible explanation of this is that the filtered 


less red ones ; 


~TPPS was added to whole homogenates and 100,000 x g 


ZOO vor. 200. 


e red light for which 
flectivity than do the 
thus, the observer must make a small 
intensity discrimination rather than a definite hue dis- 
crimination. ae 

These effects may account in part for the emphasis: 
placed on the concentration of porphyrin in necrotic 







portions of tumours which arose from estimation of re- _ 


lative tissue concentration on the basis of visible red - 
fluorescence. | 
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GERONTOLOGY 


Age Differences in Choice Reaction Time =| 
and Cardio-vascular Status among Pilots 


ATTENTION has recently been directed to the conflict - 
of evidence existing in those data on sensory-motor 
performance in relation to age to which the mathematics _ 
of information theory could be reasonably expected to 
apply in a straightforward manner!. Specifically, in the 
formula for choice reactions?: RT =a+b logan (where n l 
is the number of equivalent choices), the well-known. 
slowing of response with age is sometimes reported as an 
increase in the constant a, and at other times as a risein 
6. In an attempt to resolve these contradictory data on 
choice, discrimination and movement times, it has been ~ 
suggested that the effective duration of signals may _ 
determine the outcome, producing an increase with ageoin  . 
the intercept when signals are brief, but an increase of the 
slope when they are relatively long. Whereas the latter. 
result leads logically to interpretations in terms of reduced 
‘channel capacity’ with age, the former has prompted: 
speculations about. the possibility of a change in the level 
of ‘neural noise’»*, These ideas derive from the statistical 
theory of signal detection®, and as compared with classical 
psychophysics, their novelty consists in postulating that 
the brain is a rather ‘noisy’ communication channel, so. 
that a decision about sensory input is based on information 
in some way distorted by random neural activity within ~ 
the central nervous system itself. Hence, the decision 
mechanism must ‘test hypotheses’, so to speak, to dis- ee 
tinguish between the states of ‘noise alone’ and ‘noise plus 
signal’. Yet, apart from emphasizing that the latency of © 
a response must be mainly due to the time necessary to- 
collect a statistically reliable sample for a correct decisior 
it is not clear what properties of the channel are bei g 
specified by either type of theory. e S 

Work in progress here may eventually throw some lig 
on this dilemma. Preliminary results, obtained from som 
four-dozen commercial, military and test pilots, rangi 
in age from the twenties to the sixties, reveal sev 
interesting trends in performance at a conventional ch 
reaction task under conditions of what one might. 
‘information overload’. The aim is to gauge ‘spare channe 
capacity’ by the introduction of subsidiary taski 
measurement of their effects on performance of the 

approach is two- 
that any reali 
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moment during the execution of his skill, but must also 
take mto account all other possible decisions which he 
might have to make at very short notice®-!° In the 
second place, it should be borne in mmd that the human 
operator of modern control systems, particularly in 
aviation, has become progressrvély less concerned with 
continuous manual monitoring and more and more con- 
cerned with the interpretation of a large variety of signals 
for action, which may originate from different sources 
simultaneously or i rapid succession® 1° In so far as 
control in this sense must involve transfer of information, 
the emphasis ıs then-on continuous readiness for quite 
complex judgements and decisions, many of which have 
to be made within very restricted time limits if they are 
not to become antiquated in relation to a rapidly changing 
display To the extent that a decision preceding any 
action 18 the choice of one from a set of alternatives, 
certain average properties of choices, such as the mecrease 
in response latency with me1ease in input entropy, become 
ielevant m this context, since they must, ın some sense, 
1efiect the ‘channel capacity’, that 1s, the rate at which 
the brain can gan information? 

The basic situation is the familiar one in which the 
subject ıs presented with a sequence of signals, visual 
and auditory, is 1equired to identify them and then to 
opeiate some appropriate control with the maximum of 
speed and minimum of error The inte1-signal intervals 
vary randomly between 0 5 sec and 5 sec, 1n runs of some 
300 in length, each signal having an equal probabulity of 
occurrence in ensembles of three, five and eight alterna- 
tives, so that at any moment the subject ıs uncertain 
which signal is hkely to occur and when A detailed record 
of response latencies, in msec, and of error rates 1s obtained 
on the Setar! and further quantitative analysis carried 
out with the aid of a Bendix G-15 computer The sub- 
sidiary tasks utilized are of two main types, with certam 
variations on each theme 

(1) A short-term memory sub-task, which requires the 
subject to watch a succession of symbols projected on to 
the centre of the main display, and to recall the symbol 
presented two steges earlier, single symbols, letters and 
numbers, or pairs of symbols are used, the presentation 
lasting in each case some 4 sec, the subject may be asked 
for recall each time the display changes, or only on certain 
occasions, on the receipt of a verbal command, also he 
may be required to carry out both the mam and the 
subsidiary tasks under 4-c/s flicker exposure (this 
extension constituting an attempt to investigate the 
possible effects of “flicker-vertigo’), 

(2) The other type of subsidiary task requires the subject, 
in addition to executing the manual responses ın the main 
task, to ‘name’ each signal by three very simple code 
words, describing the successrve characteristics of display 
and control, something approaching a ‘stress’ situation 
ıs umposed by arrangmg for a delay of 018 sec in the 
auditory monitoring of the subject’s speech!” 

In addition, the cardio-vascular svstem of each indi- 
vidual participating in the investigation 1s subjected (by 
Dr R Proper, of the Lovelace Clinic) to a very detailed 
assessment based on ballistocardiogram stroke volume, 
plethysmograph and pulse-wave velocity, recorded before 
and after exercise 

It will be seen from Table 1 that, dividing the sample 
at the age of forty, the average 1ates of gain of information 
range from just over five to just over four for the younger 
group, and from just under five to just under fom binary 
decisions per second for the older group It should be 
noted that at these rates greater than 95 per cent accuracy 
is maimtamed in the basic task, after some pielummary 
practice, and only about 10 per cent error 1s made ın the 
subsidiary tasks It ıs clear from the data that the 
principal differences between the two age groups aie to 
be found in the values of the constant a There 1s no 
evidence of any substantial reduction m rate with age 
until the subjects’ maximum capacity ıs reached under 
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conditions of mformation overload It 1s only then, 
particularly with the short-term memory sub-task, and 
less so with delayed auditory feedback in the verbal sub- 
task, that the slope constants show any increase (There 
is also some evidence ın the data, suggestive rather than 
conclusive that the central refractory phase may be 
lengthened when the memory task 1s added to the main 
choice reaction A suitable technique for more detailed 
recording ıs being developed ) Even so, the amount of 
this merease ıs far from being impressive and basically 
the curves are displaced upward, changing the intercept a 

Furthermore, amplfymg the background stimulation by 
exposure to intermittent flashes of light when the memory 
task 1s attempted seems to reduce the slope, without 
however, in the case of clder subjects, lowering the 
intercept (attenuating the ‘noise’-level?) This finding 1s 
in. line with some of the results of central refractoriness**'® 

Tt 1s of interest that a trend in the combined cardio- 
vascular and psychological data can also be discerned 
Ranking the efficiency of cardiac output and the magnitude 
of reduction im the speed of decision under conditions of 
information overload, a negative correlation 7=0 518 1s 
obtamed, and found to be significant at better than 
p=0 001 level (the normal deviate value ıs 4 08) (ref 16) 

If these essentially prelummary results of an mvestiga- 
tion still in progress can be accepted at their face value, 
they suggest that / 

(a) In a sample of individuals representing the profession 
of piloting aircraft, the practice of which requires making 
high-speed decisions, age differences in the rate of gain of 
information are less 1mpressive than might be expected 
from other data in the field of gerontology’? This raises 
once again the question of occupational transfer effects 
in investigations of ageing and suggests that investigators 
should be cautioned to test those primary skills which 
constitute the over-learned repertoire of adult professional 
lifes 

(b) Pilots over 40 years of age are relatively more 
susceptible then the younger to the effects of information 
overload particularly 1f this involves short-term recall 
when some other activity mtervenes during the period of 
1etention It1s not clear, however, whether the conclusion 
that, to this extent, they may be said to possess less ‘spare 
mental capacity’ than the young 1s really forced on us by 
the data The paramount difficulty is still that of deciding 
on an appropriate measure of loss In so far as skull 
proficiency can be gauged outside the flying situation 
itself, the routine aspects of their skill are, on the present 
evidence, unlikely to be affected by agemg However, their 
responses to sudden emergencies under conditions of 
information overload may conceivably be expected to 
become less adequate as they grow older Needless to say, 
further 1esearch ıs needed to discover the limits within 
which these assumptions are justifiable 


Table 1 REGRESSION ANALYSIS OF INDIVIDUAN PERFORMANCE RECORDS 
RESPONSE TIME (RT)=a+8 logan MBEAN VALUES OF THE INTFRCEPT AND 
SLOPE CONSTANTS PER SUBJECT ({(b)=¢ Test ON THE SLOPE CONSTANT) 


Younger Group (Range 20-39, mean Older Group (Range 40-67, mean 
age 31 4) ae age 48 8) yas 


=25 
Mam Choice Reaction Task Alone 
RT =0 233+ 0 096 log. RT = 0 280 +0 085 loa Saad 


&d)=11 27 
Rate = 4 94 bits/sec 


Rate = 5 15 bits/sec 
With Short-Term Memory Sub-Task 
RT = 0 430 + 0 099 logan 
t(b) =4 08 
Rate = 3 69 bits/sec 


RT =0 368+ 0 086 logan 
t(b)=4 12 


Rate = 4 17 bits/sec 
With Short-Term Memory Sub-Task 
and Under Flicker Exposure 
RT =0 356 + 0 082 logn 


i(b)=4 81 
Rate =4 31 bits/sec 
With Verbal Sub-Task 
RT =0 219+0 117 logan 
t(b)=11 41 
Rate = 4 69 bits/sec 
With Verka? Sub-Task and Delayed 
Aural Monitoring of Speech 
RT =0 260 +0 105 logan 
i(b)= 7 80 


Rate = 4 71 bits/sec 


RT =0 431 +0 077 logan 
t(b)=4 OL 
Rate =3 88 bits/sec 


RT =0 25240110 logan 
t(b)=9 21 
Rate = 4 69 bits/sec 


RT = 0 299 +0 117 logn 
Ke)=7 78 


Rate = 4 18 bits/sec 
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(c) Although the slowing with age, observed ın the face 
of additional information challenge, 1s equivalent to 
reducing the rate of transmission of information, 1t does 
not unequivocally suggest a reduced capacity for discrim- 
mation and choice It may mean, for example, that the 
forms of encoding and decoding operations performed by 
the brain are adjusted to the characteristics of the available 
channel according to the nature of prevailing input and 
the weight assigned to other inputs Until more plausible 
theoretical conceptions are brought to bear on the problem 
at issue, the factor lmiting decision and short-term 
storage processes among the olde adults appears to be in 
the nature of an increased ‘noise-level’ in the central 
nervous system Moreover, assuming that the agreement 
between the findings from psychological and cardio- 
vascular tests is not misleading, ıb ıs possible to speculate 
further that a reduced 1ate of cerebral blood flow may 
contribute to the hypothetical random activity m brain 
cells 
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RADIOBIOLOGY 


Transmission of Ultra-violet Rays in Quartz 
Fibres 


ULTRA-VIOLET rays cannot penetrate deeply mto tissues, 
consequently, investigations of their biological effects 
have been limited to unicellular forms, cells in tissue 
culture, and the surface cells of organs and organisms In 
my apparatus designed for conducting ultra-violet photons 
to the deeper cells of the brain, penetration of the tissue 1s 
achieved with quartz fibres which act as conductors for 
the energies under consideration 

These quartz fibres are made by heating a small section 
of a clear fused quartz rod 4 mm ın diameter ın the hottest 
part of a gas-oxygen flame When the quartz becomes 
white hot, 1t 18 pulled into a fibre as ıt 1s moved into the 
cooler part of the flame The fibre ıs then broken Each 
resulting piece of quartz has a large end, which 1s equal 
in diameter to the original rod, a tapering portion about 
10 mm long, and a terminal fibre 10-40 mm long With 
2 httle practice, one can make fibres having tips less than 
10% mm diameter The tip of the fibre can be pushed into 
the brain of a chick embryo with comparatively little 
disruption of the tissue 
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The large end of the quartz 10d 1s fixed in a hole in the 
housing of a low-pressure mercury arc lamp, a source 
which emits much of its energy at 2537 A The behaviour 
of ultra-violet photons is observed by placing the rod and 
its terminal fibre next to the concave surface of a fragment 
fiom an ordinary fluorescent hghting tube The phosphor 
contaimed on the inner surface displays a white fluores- 
cence when ıt absorbs photons in the 2537 Å hne Trans- 
mission of these photons 1s demonstrated by placing a 
filter between the mercury aic souice and the large end of 
tho rod, the filter transmits the 2537 A line plus some blue 
hght Using micromanrpulation apparatus, the fibre 1s 
brought into contact with the phosphor Under magnifica- 
tion, the blue hght visible m the fibre ıs readily distin- 
guished fiom the whole ight which mdicates excitation of 
the phosphor 

Most of the rays which enter the quartz escape from it 
in the tapering portion; although their angle of meidence 
on the quartz-air interface 1s greater than the critical angle 
for ultra-violet ın these media, 1epeated mternal reflexion 
rapidly reduces this angle of incidence Some of the rays, 
however, enter the terminal fibre, and are conducted to 
its tip The emerging cone of energy 1s fairly well col- 
limated after its passage through the fibre, and 1ts physical 
effects can be delmeated 

Hinrichs!-° and Hmuichs and Warrick’ used a pointed 
quartz rod to direct radiation from a mercury arc against 
small surface areas of chick embryos and fundulus hearts 
Tt ıs possible that much of the energy conducted m their 
rods was in. the ultra-violet range It must be pomted out, 
however, that a fair amount of radiant heat 1s emitted by a 
mercury arc lamp, such energy 1s conducted in quartz by 
internal reflexion, and may have caused the damage 
observed by Hinrichs and Warrick m the target tissues 
Using a suitable phosphor as a target, ıt ıs possible to 
demonstrate the transmission of ultra-violet rays in 
quartz fibres 

This work was supported by a grant from the Committee 
on Institutional Research of Meharry Medical College and 
by grant NB 04324 from the National Institute of 
Neurological Diseases and, Blmdness 
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Multiple Anomalies occurring in a New-born 
Spanish Goat following Prenatal Gamma- 
radiation 


A. UNIQUE and complex combimation of abnormalities 
occurred 1n a Spanish goat (genus Capra) following pre- 
natal irradiation ‘The dam, a vigorous 3-year-old, was 
subjected to radiation from a cobalt-60 source! on the 
30th day of pregnancy Dosage was 300 r administered 
at 100r /h 

Following a normal gestation period of 150 days, the doe 
gave birth to a female kid weighing 43 Ib Average 
weight for irradiated smgle kids m the flock was 5 2 Ib 

A number of aberrations were immediately apparent ın 
the ammal Functionally the most obvious was the 
animal’s lack of muscular control and mabulity to rise or 
stand It was quite vigorous vocally and emitted sounds 
normal for its species and age The back was held in a 
rigid straight hne, and all hmbs were extended backward 
and parallel with the spmal column The head was drawn 
downward with the jaw near the chest, which gave a 
pronounced arched appearance to the neck 
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Table 1 ELECTROCARDIOGRAPHIO, ELECTROENCEPHALOGRAPHIC RESULTS AND RESPIRATORY RATE OF THREE GOATS 








Electrocardiogram 
Amplitude Amplitude Heart rate Lespiratory 
Anmal and No QRS complex T wave beats per rate per Hlectroencephalogram 
(mV) (mV) min min 

Irradiated abnormal No 27 111 0 37 180-240 77 High voltage, 2—4 c/s activity 

E with some secondary waves 
Trraduated apparently normal No 25 0 88 017 170 55 Low voltage, 8-12 c/s activity 
Control No 26 0 66 018 170 40 Low voltage, 22-30 c/s activity 


A number of morphological defects were apparent, the 
most obvious being a short, underdeveloped left foreleg 
and a rudimentary left forefoot There was microcephaly 
associated with a short upper jaw and a deviation of the 
mandible to the left There was also a cleft-palate con- 
dition and the left ear was shortened The eyes were de- 
fective with anophthalmua on the left and microphthalmia 
on the nght associated with a narrow iris In addition 
to the defects already noted, X-ray observations revealed 
an underdeveloped left scapula and a promment dorsal 
arching of the thoracic spmal column with apex most 
pronounced, at the sixth vertebra 

Nourishment of the animal presented a problem For 
the first three days of hfe ıt was held to the mother’s 
nipple, and milk was expressed by hand into 1ts mouth 
It was apparently unable to suckle because of the cleft 
palate and deformed mouth A bottle-feeding routme was 
adopted, utilizing milk obtamed from the kid’s mother 
The animal initially lost weight, weighing only 3 8 lb on 
the 4th day of life Successive weights were as follows 
13th day 44 Ib , 21st day 49 lb , and on the 30th day 
56 1b At six days of age ıt was able to hold its head 
erect, and a few days later was able to rise on its hind 
legs, but could never. rise on its hind legs and hold its 
head erect simultaneously At no time was it able to 
obtam co-ordmated muscular control The goat preferred 
to lie on its nght side When turned on the left side ıb 
usually became very excited and regained right-side 
posture by violent movements of limbs and head Before 
death the anımal developed a mild diarrhea It died 
from pneumonia on the 34th day of hfe 

Climcal and physiological examinations showed rectal 
temperature shghtly above normal, ranging from 104 0° to 
1046°F At 30 days of age the white blood cell count 
was 12,500/mm*, the red blood cell count was 13 x 10*/mm, 
hemoglobin was 8 gm/100 ml and hematocrit was 25 6 
per cent, all these values were withm the normal range 
for young goats Heart rate varied from 180 to 240 per 
min Respiratory rates varied from 40 to 75 per min 
The pupil of the microphthalmic eye did not react to 
light , however, injection of atropme caused wide dilata- 
tion after 20 min The eyelids of the absent left eye 
responded to touch The animal would not respond to 
acoustic stimuli, but would respond to vibrations such as 
those produced by persons walking ın the area 

Recordings of electrocardiograms, electroencephalo- 
grams and pneumographs of the abnormal individual plus 
those of an apparently normal Ind (irradiated with 300 r 
on day 30 wm utero) and of a control kid (all born on 
January 2, 1963) show widely dissumuar results (Table 1) 
Tachycardia, high amphtude of QRS complex and T wave 
of the electrocardiogram, and high voltage and slow fre- 
quency (2-4 c/s) of electroencephalogram waves were 
characteristic of responses in the abnormal goat (Table 1) 
Similar pathophysiclogical changes have been observed 
followmg the admmustration of massive doses of mixed 
neutrons and y-radiation of the goat? 

Gross necropsy disclosed normal conditions m the 
thymus, heart, liver, thyroid, parathyroids, spleen, trachea, 
genito-uriary and alimentary tracts The alveolar mem- 
brane and alveoli of the diaphragmatic lobe of the mght 
lung wore filled with fluid and cells from a pneumonie 


condition Dissection of the forelumbs disclosed an under- 
developed left scapula, humerus, radius and ulna, the 
latter having no articular surface at the carpal extremity, 
and two fragmentary phalanges Total overall length of 
forehmbs (elmunating ulna) were left, 198 em, mght, 
40 4 cm 

Lack of critical radiation data m the goat plus the 
single abnormal mdıvıdual in a total of 4 animals born to 
dams uradiated on the 30th day of pregnancy make 
difficult the evaluation of results obtained The possibility 
that these defects were not radiation induced cannot be 
ruled out, but each of the defects reported have been 
observed im rodents followmg acute prenatal irradiation. 
The results of numerous mvestigations’-\" demonstrate 
that critical periods for induction of almost all irradiation- 
induced abnornialities in the rodent are short and specific 
In the rat for example, at 300 r acute X-wradiation, short 
upper jaw occurs from irradiation on day 10, anophthalmia 
and microphthalmia on day 11, cleft palate on days 12 to 
14 and forefoot reduction on day 13, to cite a few examples 
of separate stages in which there 1s httle or no overlap of 
critical periods? The animal cited in this report had 
numerous observed defects followmg a single 3 h 
period of irradiation totalling 300 r, the same as for the 
rats The effective period of wradiation disturbance 1s 
reported to be lengthened by raismg the dose? As the 
dose in this case was quite large, having produced death 
m three of 18 pregnant females wradiated at various 
stages of pregnancy, and 1s larger than the developing 
rodent will usually tolerate, ıt may have contributed to 
the multiple anomalies The level chosen, however, pro- 
duced low maternal and foetal mortahty m radiated 
swine and, cattle: 

We thank Dr C W Banks for the radiographic analysis 
and Dr F W Mestanza for assistance m the post-mortem 
examination 
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BIOLOGY 


Hydroxyproline as an Inhibitor of Auxin- 
induced Cell Elongation 


AUXIN-INDUCED cell elongation can be mhibited by a 
variety of substances! Among these inhibitors are the 
amino-acid antagonists canavanine*, $-2-thienylalanine® 
and ethionine’ > This has been taken as evidence that 
protein synthesis 1s necessary for cell elongation®. Recently, 
Steward eż al? have presented evidence that hydroxy-.- 
proline can also be an amino-acid antagonist The growth 
of carrot callus explants could be blocked by this com- 
pound, and the inhibition could be completely reversed 
with t-proline Since growth ın this tissue 1s largely due 
to cell division, an imvestigation has been undertaken into 
the effects of hydroxyproline on the elongation of Avena 
coleoptile sections in order to assess the effect of this 
compound on auxin-induced cell elongation 

The followmg experimental procedure was used im 
this investigation -mm sections of 4-day-old Avena 
seedlings were obtained as detailed elsewhere’ Lots of 
10 sections were placed in 25x 150 mm test-tubes con- 
tainmg 5 ml basal medium (0 0025 M potassium maleate 
at pH 4 8+ 2 percent sucrose) When desired the solutions 
also contained indolyl-3-acetic acid (5 ppm) and 
hydroxy-t-prohne at the desired concentration Tho 
tubes were then cubated on a ‘Rollerdrum’ im the dark 
After the desired length of time, the tubes were removed 
and the sections were measured with a microscope fitted 
with an eyepiece micrometer Each treatment was run in 
duplicate, each experiment was repeated at least three 
times 

The effect of hydroxyproline on the elongation of 
Avena coleoptile sections during 24 h ıs shown in Table 1 
Auxin-induced elongation was inhibited 50 per cent by 
4x 10-5 M hydroxyproline and almost 100 per cent by 
10-8 M hydroxyprohne The effect of 10-3 M hydroxy- 
proline could be almost completely reversed by 10-° M 
L-prolne t-Proline itself has no effect on elongation 
These results indicate that hydroxy-L-proline 1s acting as 
an antagonist of proline metabolism in this system 

Table 1 Effect of hydroxyproline on auxim-induced cell elongation 

All sections incubated 24 h m basal medium + 5 ppm _ indolyl-3- 


acetic acid and with L-hydroxyproline or L-proline at the concentration 
indicated. 


Concentration (M) % Elongation 
(24 h) 


L-Hy droxyproline t-Proline 
0 100 
10-5 0 99 
10-4 0 36 
10- 0 20 
16° 10-5 38 
10-5 10+ 90 
10-3 10-° 97 
Control (no auxim) 19 


The time curve for the hydroxyproline inhibition 18 
shown in Fig 1 It can be seen that hydroxyproline has 
no effect on cell elongation during the first 2-3 h There- 
after elongation 1s severely inhibited This lagin inhibition 
could be ascribed to two causes First, it might be a 
measure of the length of tıme needed for hydroxyproline 
to exert its mhibttion Alternatively, the effect of this 
inhibition may only manifest itself after a certam amount 
of auxin-induced elongation has occurred Evidence to 
favour this latter possibility was obtained ın the following 
manner Sections were placed in the basal medium con- 
taining 10- M hydroxyproline, auxin was added to gioups 
of sections after 0, 6, 9, or 21 h, and the resulting elongation 
curves were determined It can be seen from Fig 2 that 
irrespective of the length of the hydroxyproline pre- 
treatment, auxin elicited the same general 1esponse In 
each case sections showed rapid elongation for about 2 h 
Thereafter the elongation was inhibited such that the 
final rate of elongation was comparable to that of the 
non-auxin-treated control sections It ıs apparent that 
the ability of these sections to respond to auxin persists 
for at least 24 h after addition of hydroxyproline The 
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Elongation (per cent) 





t 2 3 4 5 
Time (h) 


Fig 1 Time course of hydroxyproline mhibition Sections meubated 
m basal medum +5 ppm idolyl-3-acetic acid and either with 
(B) or without (4) 10“ M t-hydroxyproline 
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Rig 2 “Effect of hydroxyproline pretreatment on amum response 


Sections meubated in basal medium + § p p m indolyl-3-acetic acid 
(A) or + 10 M hydroxyproline (B-F) Indolyl-3-acetic acid (5 p pm ) 
wc, added after 0 h (B), 6h (C), 9 h (D), 21 h (E) or not at all (F) 


magnitude of the elongation elicited decreased with 
increasing pretreatment with hydroxyproline However, 
this decrease 1s more likely due to the stiffening of the 
sections which occurs during periods of low elongation 
than to any specific effect of the hydroxyproline itself® 

The manner in which hydroxyproline inhibits cell 
elongation 1s unknown, but there 1s ample reason to believe 
that ıt must interfere in some way with protein synthesis 
Other amino-acid antagonists act by either blocking 
protein synthesis? 01 by causing the formation of aberrant, 
inactive proteins*® Furthermore, Steward et al? have 
cited evidence that hydroxyproline can prevent the 
incorporation of proline nto proteins 

The role of protein synthesis in auxin-induced cell 
elongation 1s still uncertain The fact that auxin ıs still 
able to mduce cell elongation even after sections have 
been pretreated for 21 h with hydroxyproline suggests 
that protein synthesis 1s not required for the initiation of 
auxin-action Instead, the present results seem to favour 
the following picture Some product of protein synthesis 1s 
necessary for the actual process of rapid cell elongation 
This product becomes consumed during the cell elongation 
In normal circumstances 16 18 bemg replenished by protem 
synthesis, but in the presence of hydroxyproline no new 
product ıs being formed Under these conditions elonga.- 
tion 18 limited by the amount of this substance In these 
sections the pool of this substance ıs sufficient to allow 
about 15 per cent elongation to occur This product of 
protein synthesis 1s stable for periods of up to 24h This 
suggests that the substance 1s a protem itself rather than 


















wall in order that continued clongation may oceur. 
he effect of hydroxyproline on protein synthesis and the 
istence and nature of the essential product of protein 
hesis are now under investigation. 
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Relationship of Relative Leaf Growth Rate to 
Net Assimilation Rate and its Relevance to 
the Physiological Analysis of Plant Yield 


_. EN the growing plant, where the photosynthetic tissues 
make the major contribution to dry-matter production, 
‘the absolute growth rate at any time is the product of 
the rate of increase in weight per unit of leaf (net assimila- 
tion ratet, N.A.R.) and the amount of leaf present. The 
. latter is usually expressed in terms of leaf area, which 
is the product of leaf weight and the area-to-weight ratio. 
.. The relative rate of increase in leaf weight (relative 
leaf growth rate--R.Ly.G.R. expressed on a weight 
basis) may be increased either by an increase in N.A.R. 
or by an increase in the proportion of the products of 
assimilation which are devoted towards leaf growth. 
This does not seem to be widely appreciated, and the 
proportion of the products of assimilation going towards 
leaf growth is not generally calculated in growth analysis. 
< This variable can be expressed as the ratio of R.Ly.G.R. 
to N.A.R. and is most simply calculated for a time-interval 
ty met, a8 (Lig— Ltd (Wt — We), where L refers to 
-leaf weight and W refers to total weight; it is hereafter 
=o peferred to as the leaf-to-total growth ratio L.T.G.R. 
Tf plant growth is considered as a compound interest 
`. phenomenon? and the leaf area to leaf weight ratio to be 
<- constant, plant weight at any time would depend on the 
initial productive capital (leaf weight), the rate of interest 
| s capital (N.A.R. calculated on a leaf weight basis), 
< the proportion of interest re-invested in productive capital 
 (L.T.G.R.) and the period of time involved, 
-- Leaf area/leaf weight is not, however, constant, and 
=- since area is probably a more useful measure of the 
_ amount of photosynthetic tissue than is weight, plant 
growth over its entire period must be considered to de- 
pend on: (a) the initial leaf area; (b) N.A.R. calculated 
“on the basis of leaf area; (e) L.T.G.R.; (d) relationship 
of leaf area to leaf weight; (e) the length of the growing 
: -Tt is clear, therefore, that the yield of crop plants can 
depend in large measure on the way in which the products 
-of assimilation are allocated, that is, on the L.T.G.R. 
‘Thus the supply of nitrogenous fertilizer to cotton plants 
increases the relative leaf growth rate but not the net 
‘assimilation rate®; therefore, as Heath! pointed out, it 
increases the proportion of assimilate going to leaf, raising 
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the ratio of leaf weight to total weight and consequently 
the relative growth rate. This treatment results in a 
large increase in leaf weight, in total weight, and in econo- 
mic yield (seed cotton). It is, however, under conditions 
where the net assimilation rate and the relative leaf growth 
rate are varying in the same direction that it is of miost 
value to calculate the L.T.G.R. in order to determine how 
much of the change in relative leaf growth rate and 
therefore in ultimate leafiness is in fact. solely due to 
change in N.A.R. ; | 
The concept of L.T.G.R. is being used in a detailed 
investigation of the physiological basis of treatment 
effects on and seasonal variation in the yield of cotton 
which will be reported in detail elsewhere. This variable 
has also been calculated by Rees® working with oil palm. 
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Stomatal Distribution in Relation to 

| Xeromorphy in Aquatic Plants 

Ir is well known that xeromorphy is of physiological 
importance! to the aquatic plants which exhibit it and. 
certain tissues become altered in relation to environment. 
The modifications in internal leaf structure include a 
higher stomatal frequency. Limited enlargements of 
epidermal cells result in the increase in number of stomata 
per unit area. Though these are the features of a xerophyte, 
experimental evidences to show the stomatal distribution 
in relation to xeromorphy exhibited by an aquatic plant 
are meagre. In an attempt to elucidate the problem of 
xeromorphy in aquatic plants the wild species of Ipomoea 
carnea Jacq growing in different ecological habitats, 
that is, aquatic and xerophytic, was selected. The aquatic 
plants wero selected from those growing at a 3-5 ft. depth 
of fresh-water in ponds and ditches and the xerophytic 
plants from those growing in the sandy soils of the plains. 
Though these plants belong to the same species they. are 
not alike but have become adapted through generations 
of growth in the particular habitat. We consider that a 
comparison between the same species which has grown 
naturally under different ecological habitats might better 
contribute towards our understanding of the nature of 
xeromorphy than inducing xeromorphy under artificial 
conditions. The species considered here is a straggling 
shrub with milky juice and ovate-cordate leaves with 
large convolvulaceous pink flowers. The plant grows 
abundantly both in dry and marshy places besides. its 
aquatie habit in various parts of India. Aaa ey 

The healthy branches were selected from the plants. 
growing under different habitats, leaves serially numbered 
from top to bottom and the stomatal counts were made 
after the nitric acid method as already described*. The 
area of the leaf was measured with a planimeter. Absolute 
stomatal number was determined by multiplying the 
average number of stomata per square mm of leaf area. 
with the square mm area of the leaf. The results are 
expressed as percentages of that of the aquatic plant in 
Table 1 with respect to the absolute stomatal number 
and stomatal distribution per unit area. 

The results indicate that when xeromorphy is exhibited 
by an aquatic plant, the absolute stomatal number 
increases 3-5-fold. There is a decrease in the ratio of 
absolute stomatal number between the upper to the lower 
surface of the leaf, as the leaf matures. A gradual shifting 





















3 “Absolute stomatal No 


a 


hee : Ratio 
Leaf No. Upper ibaa upper/lower 
ee | — 2 aie 
© 2 341 346 oo 
3 387 544 7i 
4 285 426 67 
5 353 403 87 
(2) No, of stomata “ep tale mim leaf area 
1 — 4 ER 
2 138 145 95 
3 99 141 70 
4 99 120 82 
5 106 115 92 


in the formation of stomata to the lower leaf surface is a 
feature associated with xeromorphy. No significant 
change is observed on the upper leaf surface so far as 
stomatal distribution per unit erea is concerned. 

~ Reduced leaf lamina is a feature of aquatic plants, and 
in the species reported here the xeromorphic plants of the 
game aquatic species had four times the leaf area, Though 
leaf area was increased four times during xeromorphy, 
stomatal distribution per unit area was not changed on 
the upper leaf surface. However, there was a small but 
consistent increase on the lower leaf surface of the upper 
leaves, the increase being 41-48 per cent with respect to 
the same leaves of the aquatic plant. 

Upper leaves, farther removed from water supply and 
exposed to high light intensity, are supposed to be more 
xeromorphic than the lower leaves of the samo plant, and 
the results obtained in the present investigation suggest 
that xeromorphy when exhibited by an aquatic plant 
results in: (a) an increase in the absolute stomatal number ; 
(b) increased stomatal distribution per unit area on the 
lower surfaces of leaves. 

We thank Principal B. Misra and Captain 8. Naik for 
advice and facilities. 
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i 2 -Occurrence of indole Compounds containing 


Phosphorus in Etiolated Pea Seedlings 


- _ Ex the course of paper chromatographic identification 
of compounds containing phosphorus-32 in different parts 


ne -of plants the presence of phosphorus compounds with 
=o an indole skeleton seemed probable. 


no To prove this, 
 10-day-old etiolated pea seedlings were kept for 24 h in 
the dark, in Knop’s solution containing phosphorus-32 
as KH,PO, (the activity was 5 uc./ml.), and an alcoholic 
extract was chromatographed; on the start points of the 
one- and two-dimensional chromatograms an extract 
corresponding to 36 g fresh material was dropped. 
Developing was carried out first in isopropanol/ammonia/ 
water, 10: 1: 1, and secondly in butanol/acetic acid/water, 
4:1:5 solvent. The chromatograms were sprayed with 


_. . Salkowski and Ehrlich reagent and exposed on X-ray film 
- for 8 days. 


i days. On the chromatograms prepared from the 
extract of epicotyls, five (Fig. 1), and on those prepared 


from the extract of roots, six, indole-positive spots 


appeared (Fig. 2): in both cases two of them proved to be 
‘radioactive. 

In the case of the epicotyl, one of the two radioactive 
spots was found to correspond to the location and 
colour reaction of tryptophan, while in the case of the 
root to those of indolyl-3-acetie acid (TAA). The second 
radioactive spot gave in both cases a brick-red colour 
reaction with Ehrlich reagent. 


Department of Botany, University of Manitoba, 


plants. 









Radiogram of compounds containing phosphorus-32 soluble. ate A 
T, Tryptophan; Xoo: 


Fig. 1. 
in alcchol in the epicotyl of the etiolated pea. 
unknown Indole compound 








Fig. 2. Radiogram of compounds containing phosphorus-32 soluble in. ; = 
alcohol in the root of the pea. ZAA, Indolyl-3-acetic acid; FY, unknown. 
indole compound ee 


Investigations are now being carried out to elucidate the 
structure and physiological importance of these co 
pounds. | ) ee 

It may be assumed that the compounds involved are 
partly intermediary products of the biogenesis of [AA and >` 
the indole skeleton respectively! ? and, on the other hand, 
one of them is a compound of IAA formed with phosphoric 
acid playing a part in the growth regulator system in the 
Our results, that an TAA derivative contain 
phosphorus is present in growing plants, is in ace ordanc 
with the assumption of Rhodes and Ashworth® wheret 
the primary effect of IAA is based on the formation o: 











energy-rich phosphate bonds. : 
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‘Cytoplasmic Dimorphism within Pollen 
- Grains 


-MATURE pollen grains contain a vegetative nucleus and 
ither a generative nucleus or two sperm nuclei (derived 
itotic division of the generative nucleus). It has been 
rally accepted that the generative nucleus has an 
ssociated cytoplasm containing basic cell organelles!’? and 
| Separated from the vegetative cell eytoplasm by plasma 
mbranes. While Venema and Koopmans? have recently 
eported that a phase-contrast study of germinating pollen 
Ided no evidence for the ‘bicellular’! nature of pollen 
rains, confirmation has been achieved by Safijovska? 
utilizing light microscopy, and in a definitive manner in 
_ the electron microscopic examination reported by Bopp- 
_. Hassenkamp'’. In addition to demonstrating the presence 
_ of a generative cell, the investigation by Bopp-Hassenkamp 
-indicated that vegetative and generative cell cytoplasms 
differ in relative organelle numbers, and to a degree in 
-< organelle morphologies as seen in profile. Safijovska has 
_ observed that generative cell cytoplasm is longer-lived 
_ than vegetative cell cytoplasm in both aged pollen tubes 
= and following pollen tube rupture. A comparative investi- 
_ gation of the fine structure of pollen cytoplasm now being 
= conducted by me has made possible the observation of 
generative cells within pollen grains of a number of plant 
species. 
Mature pollen of Quercus virginiana, Aquilegia sp., 
“Ranunculus macranthus, Prosopis glandulosa, Tradescantia 
paludosa, Parkinsonia aculeata, Hippeastrum belladonna, 
and Ambrosia psilostachya, have been examined in the 
electron microscope. In addition, developmental stages 
of Parkinsonia aculeata and germinated pollen of P. 
- aculeata and Ranunculus macranthus have been observed. 
‘The fixative for electron microscopy was predaminantly 
= KMnO, though Sr(MnO,),, NaMnO,, and Os0O, have 
also been used. Epoxy resins have been used as the em- 
_ bedding matrix and observations following diamond knife 
sectioning were made in Radio Corporation of America 
electron microscope models EMU-3-D and EMU-3-F. 
In every species examined, the generative nucleus has 
had an associated cytoplasm separated from the vegetative 
cytoplasm by paired plasma membranes (Fig. 1). In 
Ambrosia, which is tri-nucleate at pollen maturity, sperm 
cells exist with obvious plasma membranes, and sperms 
in pollen tubes of R. macranthus also exist as cells, Between 
the paired plasma membranes is an area of variable width 
(in fixed grains) which is devoid of hyaloplasm but which 
does have a number of minute vesicles. No complete 
intercellular connexions have been observed and the 
mobility and highly plastic nature of the generative cell 
argues against the presence of such connexions. 
No evidence of a cell wall has been observed, though 
cell walls are obvious in electron micrographs of multi- 
















ig. 1. Generative cell (centre of figure) in mature pollen grain of Hippeastrum belladonna. 
{1, mitochondrion; ZR, endoplasmic reticulum ; GA, Golgi apparatus; PP, proplastid; CA, 
ae cell membrane; J, inclusion, (Permanganate fixed. x e. 10,200) 
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cellular mature cycad pollen. The pleomorphic nature 
of the generative cell is best observed during pollen tube 
growth, but it can also be seen in fixed specimens when 
the generative cell had progressed into the pollen tube 
prior to fixation, or when ‘frozen’ in the process of flowing 
out a ruptured pollen grain, 

In mature grains of every species studied, the cytoplasm 
of the generative cell differs markedly from that of the 
vegetative cell (in Parkinsonia aculeata, the differentia- 
tion of the two cytoplasms out of a uniform common 
cytoplasm begins immediately after the establishment of 
the two cells following the first microspore mitosis). Every 
cell organelle and the hyaloplasm, or ground substance, is 
found to differ in fixed specimens. Mitochondria are fewer 


in number per unit area, have smaller dimensions. in. 


profile and have fewer crist ; distribution of mitochondria 
is generally random. Plastids were identified in a majority 
of the species and are most clearly seen in Hippeastrum 
belladonna. In general, generative cell plastids are diffieult 
to identify because of their smaller dimensions, paucity of 
internal membranes, and because they do not contain 
stored starch; in Ranunculus macranthus, and others in 
which amyloplasts occur inthe vegetative cell, starch is 
definitely absent from mature generative cells. Generative 
cell plastids appear to be rare and the average section does 
not contain a plastid profile. 

Golgi structures are a normal element of the generative 
eell; but they, too, are fewer in number, have fewer 
cistern, and do not have nearly the number of associated 
vesicles that the vegetative cell Golgi structures do. Free 
vesicles, abundant in vegetative cell cytoplasm, are infre- 
quent in the generative cell. During pollen tube growth, 
Golgi structures in the vegetative cell produce numerous 
large vesicles while the Golgi structures in the generative 
cell remain inactive. The large vesicles produced by the 
Golgi of the vegetative cell are associated with pollen tube 
wall synthesis‘, 

The endoplasmic reticulum in the generative cell is 
significantly reduced in amount. Especially noteworthy 
is the reduced membrane spacing in generative cells, while 
the endoplasmic reticulum of vegetative cells has a wide 
membrane spacing. Differences in hyaloplasm densities 
between the two pollen cells occur in each species, but: 
the appearance is not consistent, being either of greater 
or lesser density in the generative cell. Inclusions often 
identified in the literature as lipid or protein bodies are 
common in vegetative cells ; they have only been observed 
in generative cells of Hippeastrum. Not uncommonly, the 
vegetative nucleus is polymorphic and appears to be 
degenerative. Venema and Koopmans’, among others, 
have reported degeneration of the vegetative nuclei 
of some species prior to or during pollen germine 
tion. 

These observations of cytoplasmic fine structure are 
consistent with the limited results of Bopp- 
Hassenkamp and in general detail with 
earlier optical studies. The taxonomic 


pormits one to state a tentative generaliza- 
tion, namely, that the generative and sperm 
cells have a cytoplasm distinct from that 
of pollen vegetative cells and that the 
appearance of generative cel] cytoplasm is 
one of reduced metabolic potential. Fisch- 
berg and Blackler? have suggested that, in 
animal development, germ plasm serves to 
protect germ nuclei from developmental 
modifications. It is possible that generative 
and sperm cell cytoplasm functions in like 
manner. Safijovska’s observation on genera- 
tive cell longevity and the fact that during 
pollen germination generative cell cytoplasm 
does not show the increased activity that 
vegetative cell cytoplasm exhibits suggests 
a decreased environmental sensitivity. 


distribution of the species studied so far | 
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Effects of 2-Chloroethyltrimethylammonium 
Chloride and 2,4-Dichlorobenzyitributy! 
- Phosphonium Chloride on Growth and 
Transpiration of Slash Pine 


Tue growth of many plants, including several tree 
- species, can be retarded by CCC (2-chloroethyltrimethyl- 
ammonium chloride) and ‘Phosfon-D’ (2,4-dichloro- 
benzyltributyl phosphenium® chloride)“. Jn addition, 
‘CCC applied as a soil drench has led to increased flowering 
in some plants*®~*. 

A small lath-house experiment, designed to test the effects 
of these compounds on I-year-old potted slash pine 
(Pinus elliottii var. elliottii) seedlings, was installed at 
Olustee, Florida, in February 1962. Treatments con- 
sisted of: (1) CCC soil drench at rates of 0, 5, 10, 20 
and 40 g/ft.* potting soil; (2) “Phosfon-D’ soil drench 
at rates of 0, 0-4, 0-8, 1-6, and 3:2 g of technical material 
per cubic foot; (3) CCC foliar spray at concentrations of 
0, 2,000, 4,000, 8,000 and 16,000 p.p.m.; and (4) CCC 
foliar spray at the above concentrations plus 0-15 per 
cent wetting agent (Fasco ‘Spreadhesit’). Soil drench 
applications were made in February, April, May, and 
July 1962. Foliar sprays were applied with a hand- 
operated ‘flit gun’ twice weekly, from February to 
September 1962. The experiment was set up in & ran- 
domized block design, replicated six times. Height 
measurements to the nearest 0-1 cm were taken at 2-week 
intervals throughout the growing season. 

‘Phosfon-D’ concentrations were apparently too low 
to affect height growth of the seedlings, although it is 
possible that slash pine does not respond to this com- 
pound. Since ‘Phosfon-D’ is reported to be highly persis- 
tent in the soil, concentrations of 1-2, 2-4, 4:8 and 9-6 g 
per cubic foot should have existed in the soil by July. 


Cathey? has observed that approximately 25 times as 
much CCC as ‘Phosfon-D’ is required to retard the height 


growth of chrysanthemuuns. Nevertheless, complete lack 


es z - of toxicity or other symptoms at the highest level of 
oii *Phosfon-D’ indicates that the dosages were too low. 
“OCC applied as a foliar spray, either with or without 


a wetting agent, significantly depressed seedling height 
growth. However, extensive damage to foliage (needles 
stunted and chlorotic) and developing shoots resulted at 
the two highest concentrations (8,000 and 16,000 p.p.m.), 
+o the extent that this form of application is considered 


w impractical. 


The treatment showing most promise was the applica- 
n of CCC as a soil drench (Table 1). Growth of trees 
eiving 40 g¢/CCC/ft.® soil became significantly less than 
~i check tree growth by the 10th week of treatment, levelling 
off at approximately 35 per eent of check tree growth 


from the 20th week on. Treatment effects were significant 


at the 0:005 level, with seedling height growth decreasing 


Table 1. Errecr or CCC. SOIL DRENCH ON TOTAL SEEDLING HEIGHT GROWTH 


Concentration Average height Percentage of 
(g/ft.* soil) growth (em) check tree growth 
0 28-8 100-0 
5 25-9 89-8 
16 20-0 100-7 
30 18:8 64°6 
40 18-6 64-6 

















Concentration — : Average 72-h Percentage of ` 
(eift. soii) weight-loss (g) check tree loss 
1 4092 i 
Er 235-8 “37-6 
10. 1775 B76 
40 oer 29-9 
85-8 aa 


linearly with the logarithm of concentration. There was 
no apparent damage to the foliage. __ ANS 
It was noted early in the course of the experiment tha 
soil in pots receiving CCC as a soil drench remained moist. 
when other pots were relatively dry. On June.4, 1962, 
the potting soil was saturated with tapwater and allowed 
to drain overnight. On June 5, all pots were enclosed 
in polyethylene bags and weighed. Subsequent wei 
were made on June 6, 7 and 8. Analysis of the data (total. 
72-h weight-loss) revealed a reduction, significant at the 
0-005 level, in transpiration of seedlings receiving CCC. 
either as a soil drench or foliar spray (Table 2). Response, = 
as in the case of height growth, was linearly related to the 
logarithm of concentration. ty ier 
As in the case of height growth, reduced transpiration 
of seedlings receiving CCC as a crown spray was difficult 
to assess because of foliar damage. The response to soil < 
application is more clear-cut, since foliar damage is en-. 
tirely absent. Height of the tree was considered as a 
possible contributing factor, but only a slight correlation | 
(r= — 0-055) was found between total height of the check. 
seedlings at the time of initial weighing and 72-h weight- | 
loss. | eee 
After soil application of CCC at the two highest levels 
(20 and 40 g/ft.* soil), needles on treated trees were 
noticeably shorter than check tree needles. Fascicles from 
three different vertical positions on the current season’s 
leader growth were clipped off and measured. Com- 
parison of the needle-lengths of cheek trees with those from 
trees treated with the two high-level soil applications of 
CCC showed a significant difference (¢= 5-132, P < 0-001). 
However, that needle length per se cannot account for 
the observed reduction in transpiration of treated seed- 
lings is evidenced by the fact that the correlation between 
average needle length of check trees and 72-h weight-loss 
is not significant (7 = 0-146). One can only conclude that: 
(1) the observed reduction in transpiration is not due 
solely to reduced length of needle or size of tree; (2) the 
reduction is not due to blocking of water movement into 
the tree stem, since wilting does not occur. Possible 
factors are a reduction in stomatal opening due to the 
treatment, either directly or via reduced photosynthetic — 
rate, reduced water utilization in the treated trees, and = 
retarded root development. _ | 0 a 
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the mould with the depression uppermost. wor) 
in sterile physiological saline were placed on the membrane, 
which was pushed into the depression on the mould: 
Another membrane was placed over the worms: and the- 
second mould, with depression downwards, was pla 
over this membrane. The two moulds were placer 
clamp and tightly opposed. The opposing mem 
edges, protruding outside the moulds, were then 
with acetone, trimmed, and after a few seconds for di iat shen 
they were removed from between the moulds by loosening = __ 
the clamp. After washing in sterile distilled water, the ~ © 
_ Chamber was now ready for insertion, o oo o0 0o o a 5 
The fluid obtained from the different. chambers (L 
| DC2 and DC3) was tested by the complement fixation 
reaction and by gel-diffusion against sera from in ected 
rabbits and rats, as well as against normal serum, and 
against the serum of rats after harbouring the capsules.» 
The fluid from each disk gave positive complement 
fixation, and strong Ouchterlony gel diffusion lines with | 
infected rabbit sera. With infected rat sera no complement 
fixation occurred, the serum showing anticomplementary 
activities, but gel-diffusion lines were strongly developed. 
No reaction occurred with normal rabbit and rat sera, or 
with the sera of rats harbouring the capsules, rou ha eee 
The contents of the three types of capsule varied in 
reactivity with infected rabbit serum, that obtained from 
capsule DCI showing a higher complement fixation titre 
than that from capsules DC2 and DC3. He 
J. E. A. Sprenr 
R. S. Hoaartn Scorr 
H. TIMOURIAN 5 
Department of Parasitology, 
University of Queensland, 
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ENTOMOLOGY 


Histology and Possible Functions of Neuro- | 
secretory Cells in the Ventral Ganglia of 
Schistocerca gregaria Forsk. | : 


ALTHOUGH neurosecretory cells were shown to exist in ~ 
the ventral ganglia of insects as early as 1940, students of 
neurosecretion in the group have concentrated on the brain 
and rather neglected the ventral nerve-cord. This neglect 
prompted me in 1959 to begin studying the ventral ganglia = 
of Schistocerca. gregaria (Orthoptera : Acrididac) in some — 
detail, and though, since starting the work, three papers 
on the histology of the ventral ganglia of other insects — 
have appeared*-4, a summary of the rather different — 
conditions in Schistocerca seems desirable, = 

All four main types of neurosecretory cells. 
insects and often denoted, for example by Hig 
A, B, Č and D cells have been shown to oceur 7 
ventral ganglia of S. gregaria (Fig. 1). The B cells are: 
not phloxinophil, however, and therefore not identical 
with the B cells of the pars intercerebralis of the brain’. 
The B, C and D cells occur in all the ventral ganglia, but 
their number and position vary from one insect to another. ` 
The A cells are constant in number and location, and occur 
in all ventral ganglia except the last abdominal one. 
Neurosecretory cells are absent from the frontal, hypo- 
cerebral and ingluvial ganglia of the stomatogastric 
nervous system. ee a ern 

The A cells may be divided into three sub-types: Al, 
A2 and A3 cells. The Al cells are peculiar in undergoing 
great changes in volume during sexual maturation of the 
female, while the A2 cells are unique in that their secretory 
oe oe y wN, _. material appears in Azan-stained sections as large droplets 
ram showing preparation of capsules- DC2 and pes which are coloured brilliant red with azocarmine. Both 






















| ap | ganglion, which 
in i three] pairs, apparently: derived from the 

a abdominal ganglia which have fused with 
th acie ganglion to form the compound structure. 
are found in the third thoracic and first four 
‘ganglia ; there are 4 cells in each abdominal 
nd this: pattern. is repeated three times in the 






here are 2, lie close together one on each side 
id-ventral | line of. the sub-cesophageal ganglion. 
lls fall into two sub-types : B2 cells stain with 








ells undergo secretory changes correlated with 
ration and oviposition in the female ; no such changes 
“been demonstrated for the B, C and D cells. On 
ERS istological grounds, the C and D cells appear to be 
+ different stages in the secretory cycle of a single functional 
— type of cell. 
oo Axonal transport of neurosecretory material was studied 
a by ligaturing experiments and by nerve section. Neuro- 
-secretory material passes backwards and forwards along 
the double ventral nerve cord, outwards along at least 
some of the nerves origimating from the ganglia, as well 
as along the axonal tracts from the neurosecretory cells 
of the pars intercerebralis to the corpora cardiaca. No 
-guch<transport has been demonstrated along the circum- 
 eesophageal connectives. Neurosecretory cells whose axons 
<> have been cut contain after five days less neurosecretory 
-material than those with intact axons. Evidence from 
ligation. of the axonal routes of neurosecretory cells sug- 
-gests that, in the ventral ganglia, cells packed with neuro- 
“secretory ‘material may be actively secreting and those 
with little such material are quiescent. The same con- 
clusion. on secretory dynamics seems to be supported by 
preliminary autoradiographic investigations on the 43 
cells of the sub-cesophageal ganglion, using *S-p1L-cystine. 
.. Students of reproductive physiology have in the past 
correlated the process of egg maturation with the neuro- 
-secretory material derived from the A cells of the brain*’ 
- and the hormones secreted by the corpora allata’®. In 
< the work recorded here it was found that extirpation of 
the last abdominal ganglion in newly emerged Schistocerca 
prevents egg development; that implantation of the 
ganglion into a locust the gangliom-of which had previously 
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Fig. 1 





nd of the third thoracic ganglion. The 43 cells, - 


3 _ obtained when both the ganglion and the glan 
e in Azan preparations, while B1 cells do not. 


Distritiaticn of neurosecretory cells h in the o reai ganglis. of. Sonistovere i 


of the ganglion by: section A 
the peripheral nerves- did nob a. egg 1 mat 
The desert locust normally matures after about 3. 
weeks of adult life, and the first egg pod is not norn 
laid before the age of 4 weeks”. But when- 
last abdominal ganglion or the corpus card 
mature female is implanted into a newly eme 
the latter begins to copulate after about a. i 
the first egg pod on the 10th day. Similar 
























mature female are. implanted together into g 
emerged | female ; that is, maturation is not accel 
further by a double implant. Controls consisting of loc 
with cuticular incisions matured in 3 or 4 weeks, as ¢ 
normal locusts. These findings support the view that 
hormonal factor, in the provision of which. the. last 
abdominal ganglion is concerned, helps to control eg 
maturation, though the source of such a hormone. does o 
not seem to lie in any of the neurosecretory cells. found : 
in this last ganglion by the above histological study. = = 
Examination of the neurosecretory system of locusts one, 
which had been flown for periods of 4-58 h on a simple = __ 
motorized flight roundabout showed that there had been 
a heavy discharge of neurosecretory material from the | 
third thoracic and all the abdominal ganglia, and no _ 
discharge in the sub-cesophageal and first two thoracic. 
ganglia. This discharge is therefore not likely to be due oe 
to ‘stress’! since under such conditions one would imagine 
that the neurosecretory cells of the anterior ganglia would) _ 
also discharge their contents. Furthermore, the distri- 
bution of the A2 cells in the posterior ganglia would seem — 
to suggest that it is these cells which discharge during 
flight. | 
A series of simple dehydration experiments tend to 
suggest that the discharge of neurosecretory material from 
the A2 cells of the ventral ganglia is also correlated with = 
water loss. Forty newly emerged females were separated 
into four groups of 10 each. One group was reared on __ 
bran alone, a second without food or water (that is, 
starved), a third on water alone, and a fourth on both —__ 
food and water. Examination of the neurosecretory _ 
system after 14 days showed that there was a heavy 
discharge of material from the third thoracic and abdom: T 
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5 hate y atid it is a suggested 
rosecretory cells of the abdominal ganglia 
liuretic hormone” which is released under 












hil i infected with periodie Wuchereria banerofti. 
_ most mosquitoes attracted to a carabao-baited 
zoophilic, it seemed to us reasonable to assume 1 
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"Transmission by Filariasis in the Philippine 
Islands y: Anopheles minimus flavirostris 
Ludiow 


oe highost endemicity of filariasis in the Philippine 
Islands occurs in the extensive abaca-growing areas of 
_the Bicol Peninsula, Samar, Leyte and Mindanao’. Here 
the principal. vector is the plant-cavity breeding Aedes 
: (Finlaya) poicilius (Theobald), which is able to exist in 
. > populations because the abundant: rainfall koeps 
the leaf axils of the abaca trees filled with watert. In 
our survey of 1954-55 (ref. 2), we showed a general correla- 
tion between the presence of abaca and filarial endemicity, 
but there were two notable exceptions. One of these was 
in the northern mountain province of Luzon. Through the 
co-operation of the Malaria Eradication Unit stationed 
‘at Tabuk, we received a sample of night blood films which 
showed a 29 per cent microfilaremia-rate. 
< At that time we were unable to inspect the area from 
which the smears were reported to have been taken. The 
‘purpose of the work recorded here was to confirm the 
, e of filariasis among the indigenous, non- 
population, and to ascertain the environmental 
am would. T tho disease to exist in this 
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a human cases would be seeking their later mi a ) 
> carabao. It must also be understood that a large pr 
, portion of the mosquitoes caught in such a trap 
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The Poisk are built ree re OV 
posts; the walls are made of split bamboo o 
the roofs are thatched with cogongrass. Almos 
been sprayed with DDT for the past 10 years. V ee 
been unablo to capture more than an occasional mosquito. 
inside the houses. In order to obtain large numbers for. ~~ 
dissection, we have made use of a large screened trap: — 
baited with a carabao. This trap was set up in the 
vicinity of a house in which 4 of the 7 inhabitan 4 








of the insects which had previously fed on~ 0 





be taking blood for the first time. Therefore, one coul ud 
not anticipate a high infection-rate. The collections were 
made early in the morning, and the dissections were: com. s 

pleted during the following day or two. : 

Apart from Aedes verans, the only persistent man- 
biting species which also occurred regularly in the trap. < — cs- 
was Anopheles minimus flavirostris. Of 207 flavirostrig =o =o = 
examined so far, 4 have been found infected with 
filarial worms. In one there was a single second-stage __ 
larva in the thoracic muscles. Two of the specimens each 
contained 3 mature third-stage infective larvae. In one the 
larvee were in the thorax, and in the other they were in 
the head. In the fourth specimen, there were 2 sausage- 
stage larve in the thorax and a highly active motile 
infective larva in the proboscis. All the mature larvae. 
agreed in morphology with published descriptions of - 
Wuchereria bancrofti. Also they were identical with 
W. bancrofti larvæ we have observed in mosquitoes in 
our previous investigations. We are offering these findings 
as evidence that in this area, where small foothill streams 
furnish an ideal environment for A. minimus flavirosiris, 
this species is a natural vector of Wuchereria bancrofti. 

This investigation was conducted under the auspices. — 
of the Commission on Parasitic Diseases of the Armed 
Forces Epidemiological Board, and was supported in 
part by the Surgeon General, Department of the U.S. 

Army. 
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CYTOLOGY 
A Cytochemical Method for Electron Mic 
Meruops for specifically staining tissue constitue w 


electron microscopy are at present inadequate ` for the =. 
identification of important molecular species in the cell. 
The range of application of the electron microscope in 
biology is thereby severely limited. 

It occurred to us that more specific stains might. be 
prepared by complexing heavy metal atoms with enzymes 
of high substrate specificity. It was hypothesized that, o 
even though the activity of the enzyme might be impaired ` 
by the presence of the metal atoms, substrate-b $ 
specificity. might be retained sufficiently to bring ab 









localization of heavy atoms at the substrate, Jocus in the 
eel. 


~ This communication describes preliminary experiments A 
-which tend to bear out this hypothesis. i 

















o by. a O ew sd lik ely to ye in ‘the 5 Tokua GR 
‘of a mercuric-DNase complex. A solution of the enzyme 
re ee Biochemical Co., Grade DN-C) at a concentration 


© gf ‘I mg/ml. in deionized water was mixed with nine volumes 


of a 0:005 M solution of mercuric chloride in 0:05 M pH 7:4 
glycylglycine buffer at 5°C. The mixture was dialysed 
< against cold glycylglycine buffer for three days to remove 
“the non-enzyme-bound mercuric ion. The activity of the 


| treated enzyme after dialysis was determined to be a 


‘small fraction of the original activity. 
Although. it seemed unlikely that after fixation, de- 
hydration and embedding, a cellular substrate such as 
DNA would be in sufficiently native condition to interact 
with enzyme, it was decided te make a staining trial under 
these conditions because of the technical advantages to 
be realized in the event of it working. The dialysed 
mercuric enzyme solution was therefore used directly as 
a stain on thin sections of tissues embedded in ‘Araldite’ 
resin. The sections, adherent to 500-mesh copper specimen 
grids, were immersed in the mercuric-enzyme solution at 
room temperature for 5 min, rinsed vigorously with 
distilled water, and examined in the electron microscope. 

Various cells of neural origin were used as test specimens. 
These included : human meningioma cells (in tissue culture 
for 37 days prior to fixation) ; re-aggregates of 7-day chick 
neural retinal cells; neurones from the earthworm nerve 
cord; and neurones and associated glial cells from hamster 
spinal sympathetic ganglia. 

The test specimens had been fixed by several different 
procedures. Isotonic 0-6 per cent permanganate fixation 
at physiological pH had been used for most tissues ; some 
permanganate-fixed tissues had been intensified after 
sectioning with a potassium hydroxide-complexed potas- 
sium plumbate solution (our method, not yet published) ; 
the embryonal neural retinal re-aggregates had been fixed 
in an isotonic buffered osmic acid solution. All specimens 
had been dehydrated in graded acetone solutions and em- 
bedded by transfer from 100 per cent acetone into the 
final embedding mixture at 55°C. No influence of the 
method of tissue preparation was apparent in results 
obtained with the enzymatic staining procedure. 

All staining trials were positive in that, after immersion 
in the mereuric-DNase solution, the nuclei of the cells, 
and only the nuclei, showed areas of increased electron 
density which were unlike any figures seen in sections not 
thus treated. The shapes of the stained regions of the 





Fig. 1. Electron photomicrograph of cell from tissue culture of human 
meningioma. Permanganate fixed, ‘Araldite’ embedded. Scale = 2u 





Fig. 2. Same area as in Fig. 1 after exposure of section to mercuric 
DNAase solution 


nuclei were in all cases more or less fibrillar. In certain 
kinds of cells including embryonal neurones, Schwann cells, 
and meningioma cells, the darkened regions were relatively 
condensed and had high contrast. In neurones of the 
sympathetic ganglia, the contrast of the stained regions 
was relatively low; but the resolution of strands was com- 
paratively good. Suggestions of a banded structure were 
not infrequently present in the fibrils. 

To demonstrate the change which results from im- 
mersion in the mereuric-DNase solution, a selected 
nucleus from a human meningioma culture was photo- 
graphed before and after exposure to the staining solution. 
Fig. 1 shows this nucleus prior to staining. Fig. 2 is the 
post-staining picture. The arrow in Fig. 2 indicates the 
region of density increase. Note that the mercuric- 
DNase stain took effect on this specimen despite a lengthy. 
exposure to the microscope beam prior to staining. 
The two light regions in this nucleus are areas of reduced. 
electron density surrounding nucleoli not seen in this 
section. The dense masses in the cytoplasm, regularly: 
seen in electron micrographs of this tumour culture, are 
believed to be an abnormal lipoidal product. 

In other micrographs, the stranded material the density 
of which was increased by exposure to the complex was. 
seen to terminate on the nuclear membrane in frequent 
instances. When a number of such strands were present 
parallel to the plane of sectioning, the nucleus had the 


unexpected appearance of a giant mitochondrion, the 


strands resembling, though not in detail, the arrangement. 
of mitochondrial criste. | 

Tt is likely that the modified enzyme did not penetrate < 
the epoxide-embedding material, but rather bound only © 
to DNA at or near the surface of the section. A better 
result might be expected if the technique were used in- 
conjunction with a more permeable or wettable embedding £ 
medium, or from the use of enzymes of smaller molecular - 
dimensions than DNase. The dielectric properties of the — 
embedding material might also be found to affect. the 
bonding between the enzyme—metal complex and the fixed . 
substrate. Surface charge patterns induced in the resin 
by the presence of the substrate might be effective in 
attracting the enzyme to the surface of the section. 
Experiments with various embedding materials are in 
progress. 

Should our present work of testing the generality of this 
method show it to be applicable to other enzyme-substrate 
combinations, a widely useful tool will be available for 
electron microscope cytochemistry. Our: ‘present work 
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torts at extension of this technique to include 
mn of intracellular RNA and neurotransmitter 
ibstances, as well as application of metal-complexed 
3 to metaphase chromosomes. The investigations 
ude the use of metal-complexed enzymes as vital 
rior to fixation and thin sectioning of tissues. 
arther work is in progress to characterize the presumed 
nercuric~DNase complex in detail. | 
view of the possibility that enzyme-substrate inter- 
actions can occur between an embedded substrate and an 
iqueous enzyme solution, it would seem reasonable to 
t the complementary experiment of attempting to 
tracellular. enzyme by applying a solution of 
complexed substrate to tissue sections. | 
‘ork was supported by a grant. from the Battelle 
tute. The human meningioma cultures 
by Dr. Leopold Liss. 
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GENETICS 


: ee Karyotype of Theligonum cynocrambe L. 

Ture family Theligonaceae has one genus Theligonum L. 
(= Cynocrambe Tourn.) in which four species have been 
- Teported: T. japonicum Okubo and Makino, T. macran- 


thum Franch., T. eynocrambe L. and Cynocrambe formosana 
Ohwi. Two of these specios have been cytologically 
examined previously by other workers. Schneider! 
- reported that T. ‘cynocrambe, a Mediterranean species and 
_ an annual, had a somatic chromosome number of 2n = 20 
and a meiotic count of n= 10. In contrast to this, Sugiura? 
_ found that T. japonicum, a perennial from Japan, had a 
_ meiotic count of n= 11. He did not report on the somatic 
. chromosomes of this species. 

— In 1961 seed of T. eynocrambe was collected from the 
- Piana- degli Albanesi district of Sicily about ten miles 
~ south of Palermo by Dr. C. D. Cook. Plants were grown 
from this« seed, the chromosome complement was 
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xamined, and a voucher specimen deposited at the 
Museum Herbarium. 

ips were pre-treated for 2 h in 0-05 per cent 
eine solution, and fixed in 3:1 aleohol/acetic. They 
ere then hydrolysed for 10 min in hydrochloric 
id at 60°C, stained for Lh in Feulgen, mounted in 
to-orcein to counterstain, teased and squashed. The 
iromosome number of 2n=20 was observed in all cells. 





















ig. 1. Somatic metaphase plate from a root tip of Theligonum 


NATURE 





1 OY OMS 
BU 09 $k oe da 





ug V Ix 


Karyotype analysis of Theligonum cynocrambe (x 3,000) - 


| 


Fig. 2, 


The degree of chromosome contraction, due to the 
colchicine pre-treatment, varied slightly from cell to cell, 
but this method allowed karyotype analysis to be carried. 
out with accuracy. Four groups of chromosomes can be 
distinguished (Figs. 1 and 2). (I) Three pairs of large 
acrocentric chromosomes ranging from 26 to 2-8 in- 
length; (II) five pairs of small acrocentric chromosomes - 
ranging from 1-7 to 2-0u in length; (IIT) one pair of 
acrocentric chromosomes with more prominent short 
arms, the short arm 0-6y. and the long arm ranging from 
1-3 to Lu in length; (IV) one pair of metacentric chrom: 
osomes, 1-7u, in length. 

Chromosome morphology was seen best in those cells 
where the pre-treatment had produced the least contrac- 
tion of the chromosomes but had clarified the position 
of the centromere and secondary constriction regions. 
The members of group I have two secondary constrictions. 
and in those of group II there is evidence of a single 
secondary constriction. Drawings from root-tip cells by 
Schneider! do not show any of these details. 

Similar karyotype analysis of the other species of this: 
genus will be of interest in view of the different basic 
chromosome numbers reported: ‘These will be done asi- 
material becomes available. a 


N. M. Gregson. ~ 
Department of Geneties, 
University of Liverpool. 


* Schneider, H., Flora, 106, 1 (1914). . . 
* Sugiura, T., Cytologia, Fujii Jubile Vol, 845 (1987). 


after X-irradiation 


A Red Eye Colour Mutation in Culex pipiens A 
Four 1-2-day-old males of Culex pipiens were irradi ated 





red-eyed male from 14 F, brother-sister matings. Accord- 
ing to the experimental procedure, this means that at 
least one sperm from male FI and at least fourteen sperms 
from male IV carried the mutation r. Thus, the same 
mutation was recovered in parallel from two irradiated 
males. The clustered appearance of the mutation in malo 
IV was presumably caused by the occurrence of the 
mutation in a spermatogonial cell. 

While the normal eyes of the larve, pupx, and adults 
appear pigmented dark brown to black, the mutation r 
causes a red eye colour in place of black. In the late 
embryo of the normal animals, one recognizes two brown- 
ish red eye spots, which in the larve darken to brown or 
black. The eyes of the advanced larvæ, pups, and adults 
appear completely black. The embryonic eye spots of the 
mutants, on the other hand, are faded orange in colour. 
The orange hue becomes more intense and turns to red in 





a seein to ‘darken 13 in older Aada the eyes are deep dark 


C = p a Table i. 


a the normal X). 
animal contained cells in which a visibly larger chromo- 









k red. The nature of the red colour substance has not been 


ae clarified as yet. 


Crossings of the various r-isolations with one another 





us gave red-eyed F, progeny in every case. Accordingly, the 


‘mutation i is the same in all red-eyed animals. r is inherited 


ae & asa recessive, shows full penetrance and no variability of 
hio expression. 


DATA ON INHERITANCE OF THE MUTATION ¢: NORMAL ¢¢ 
CROSSED WITH RED-EYED dd 
| g9 dg 
__. ., Generation Normal Red-eye Normal Red-eye 
| F, 68 rn 98 — 
Fs 378 mee 199 165 


- . Among the red-eyed animals there were 83 females and 
only one male. This indicates that the factor for red eyes 
is sex-linked. Sex in Culex is determined by a single 
gene. The male is heterogametic and the female homo- 
-gametic, with dominance of the male factor M over m. 
Crosses with normal-eyed animals confirm the linkage of 
the mutation to sex (Table 1). In the F, the red eye colour 
reappeared in the males only. In this experiment, the 
linkage with sex was complete; in other cases, however, 
as a result of crossing over between the sex factor and the 
factor r, a small percentage of red-eyed animals appeared 
among the females. The only male in the radiation 
experiment must have originated also through crossing 
over. 

A spontaneous white-eyed mutation is also available 
“in this laboratory. Since white is also sex-linked, it was 

‘suggested that white and red were multiple alleles. How- 
ever, & fally normal F, progeny was obtained from a cross 
“with white-eyed females and red-eyed males. Thus, the 
two factors are not multiple alleles. 

A. WILD 
Institut fiir Genetik, 
Johannes Gutenberg- Universitat, 
Mainz, Germany. 


“+ Gilehrit, B. M., and Haldane, J. B. S., Hereditas, 33, 175 (1947). 


Laven, 
. Pererbungslehre, 88, u (1957). 


_ Autoradiographic Studies of X-chromosome 
- Duplication in an XO/X-isochromosome X 
Mosaic Human Female 


Accorpina to Lyon’s hypothesis', #, one of the two 
X~-chromosomes in each XX cell of the normal human 
female and perhaps in all mammalian females is genetic- 
-ally inactivated at a certain stage of embryogenesis. This 
inactive X chromosome becomes condensed or hetero- 


 pyenotic and forms the sex chromatin. Inactivation is 


-presumed to occur at random. The heteropycnotic X can 


- thus be either maternal or paternal in origin. Ohno and 


Cattanach? have recently provided direct cytological 
evidence of this in the mouse. In the skin of animals 
with a variegated phenotype due to a translocation of the 
wild-type allele of a coat colour gene to the X chromosome 
(Xt), the wild-type patches of skin were populated by cells 
- containing a condensed inactive chromosome (presumably 
Mutant-type patches from the same 


some, presumably the X‘, was heteropycnotic. 

Random inactivation of maternally or paternally derived 
_. & chromosomes may not always occur. In human females 
with one normal X and one structurally abnormal X 
chromosome, the sex chromatin is consistently abhormal 
in size. It conforms to the size of the abnormal X chromo- 
some which can be either larger or smaller than normali. 
If the sex chromatin can be formed only by inactivated, 
heteropycnotic X chromosomes, then the structurally 
abnormal X chromosome in cells from these heterozygous 
females undergoes preferential inactivation. We have 


' radiographie examination of chromosome. ode 


turally abnormal X A by means 


(DNA replication)’. 

For this investigation reported here, peripheral 
containing leucocytes with this abnormal complement 
obtained from a 40-year-old woman. She had primary ~ 
amenorrhea and sexual infantilism as well as many other 
anomalies of the type frequently seen in Turner’s syn- _ 
drome, Approximately 20 per cent of the chromatin 2 
positive nuclei from the oral mucosa contained two sex- 
chromatin masses. Both the sex chromatin masses in the 








epithelial cells and the drumsticks in the neutrophils were 
of two sizes. They were either normal or enlarged’. — 


However, there were only two clearly evident cell lines- : 


in cultured leucocytes. One cell line had 45 chromosomes. — 


with an XO sex chromosome complement. The other cell 


line had 46 chromosomes with an X-isochromosome-X sex 


chromosome complement. Since the isochromosome-X was — 


larger than the other X chromosome in the latter cell line 
and could be clearly identified, we examined the- replica- pE 
tion patterns of these two X chromosomes in & series ofo 


cells in order to find out whether the isochromosome X. | 
always had the late-replication pattern characteristic of _ 
heteropyenotic, inactive X chromosomes’-", Leucocyte — 
cultures were prepared". 
chicine were added to a final concentration. of 1 pe./ml. — 
(specific activity 0-36 c./mM) and 10-*M respectively. 
Five hours or nine hours later, metaphase cells were col- 
lected directly from the isotope-containing medium. The _ 
procedure is described more fully elsewhere". The meta- — 
phase figures were photographed before stripping 
(Kodak ‘AR-10’) or emulsion (Kodak ‘NTB-3’) was 


applied, and re-photographed at the plane of the silver _ 


grains overlying the labelled metaphase figures after — 
exposure and development of the photographic emulsion. _ 
Under these conditions, the more heavily labelled chromo- — 
somes were those which terminated replication late i in the 
synthetic period of interphase. Be 
The isochromosome X was the most heavily labelled me 


chromosome in the complement in 12 labelled cells ilus- _ 


trating the end of synthesis of DNA which were examined _ 
and karyotyped (Fig. 1). The normal-sized X chromo- — 
some always terminated DNA replication earlier than the — 
late-replicating isochromosome X. This may indicate that . 
the abnormal X chromosome was always inactivated in _ 
preference to the structurally normal X chromosome m 
these leucocytes. On the other hand, if inactivation of X 
chromosomes occurs very early in embryonic life, the iso- 
chromosomes-X might be inactivated in a given individual 
by chance alone in every one of the few cells from which ce 
all the leucocytes afterwards arise. Other females heter- ~ 
ozygous for a structurally abnormal X chromosome have 
now been examined?§-17, | 
these individuals, the isochromosome-X was consistently ~ 
the late-replicating X chromosome. A much stronger . 
case can therefore be made for preferential or non-random- 
inactivation of the abnormal X chromosome. It is still 
possible that inactivation of X chromosomes occurs at — 
random, and that cells in which the normal X chromosome 
is inactive are inviable. ie 
The results obtained in the work recorded here do; not 
provide any simple explanation for the complex. ‘BEX 
chromatin pattern seen in this patient, who is both — 
chromatin-two positive and has sex chromatin bodies of — 
two different sizes. Since there appears to be a consistent _ 
relationship between the maximum number and size of — 
sex chromatin masses and the number and size of X 
chromosomes‘, this patient should either. be chromatin- 















Should bo at least two more. cell lines in ‘this eG, C 
we have been: able to demonstrate by cultur 


for the presence of sex dhfordatin: masses of normal size. 






Tritiated thymidine and col- 


film — 


In cultured leucocytes from — 

















i bove nd 2 (helow), Mitotic figures from a leucocy te culture 
ich. cont: itiated thymidine for its final 5 h. Each mitotic 
ure has been photographed: “pefore, as well as after, the application of 

tographic: emulsion... “Karyotypes have been prepared from the 

ehed photographs ‘The isochromosome X (arrow) is consistently 
ore: heavily labe led (late-replicating) than any other chromosome. 
The izochromosome is also frequently at the periphery of the metaphase 
figure, as shown here 


eell line with three X chromosomes, two being iso- 
1osomes, would account for the presence of cells with 
‘ze sex chromatin masses. One possible XX sex 
1osome complement has been observed among the 
aryotypes of labelled metaphase figures from cultured 
ytes which have been examined. No metaphase 
“with three X chromosomes has been observed. If 
, cell line exists in this individual, it may be present 
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some tissues. An P R CAERE na 
cells from: 34 “14th day after inoculation and each serum was injected 
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karyotype with its replication pattern: can be directly 
compared might resolve the apparent discrepan between. 
these characteristics, g 
An examination of the labelling patterns of the auto- 
somes in this X-isochromosome X complement is in pro- 
gress. The labelling patterns of the autosomes will be 
compared with the labelling patterns of the autosomes 
in XX, XXX, and XXXXY genotypes. In the XXX 
and XXX: XY complements, the autosomes have a 
characteristic pattern of DNA replication, which is in- 
distinguishable from that seen in XX complements", 
This work was supported in part by grants: from the 
U.S. Public Health Service (GM-07608, C-6313 and a. 
general research support grant), the National Founda ion, | 
the Association for Aid to Crippled Children, the | th 
Research Council of the City of New York and the 
American Cancer Society. 
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VIROLOGY 
Pigs and Rift Valley Fever | 

One of the earliest papers! on Rift Valley fever included 
pigs in the list of refractory species because Daubney, 
Hudson and Garnham? had failed to elicit a clinical re- 
sponse in two pigs they had injected. Later, however, — 
Weiss? directed attention to the circumstantial field evi- 
dence that sows had aborted on farms in South Africa 
where sheep had died. Nevertheless, when East rday, 
Murphy and Bennett‘ injected three young pigs intra- 
peritoneally with doses of 10%? and 10*? mouse LDy of 
Rift Valley fever virus there was no clinical response, no 
viremia and no development of antibody. Preliminary 
findings, herein recorded, suggest that the innate resistance 
of pigs is not absolute, the dose of virus being critical. 

Six immature Large White pigs, weighing 34-45 kg, were 
split into two groups. The pigs in the first group were 
injected intravenously with 1:0 ml. of a dilution of in- 
fected sheep serum estimated to contain 10°-10° hamster 
ED so of the van Wyk strain of Rift Valley fever virus. 

‘Those in the second group were injected similarly with 
103-10" hamster LD,;, virus. Simultaneously the infected 
sheep serum was titrated in hamsters. 

The pigs were bled at intervals of two days until the - 





intraperitoneally into four hamsters. The hamsters were 














| G. R. Scorr* 
East African Veterinary Research Organization, 
i | Muguga, 

Kenya. 
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Shortening by Actinomycin D of Latent Period 
| of Multiplication of Sendai Virus 


Ir has been shown earlier that actinomycin D inhibits 
the multiplication of influenza viruses without any in- 
fluence on Newcastle disease virus and Sendai virus multi- 
plication™*. It was found that the dynamics of Sendai 
virus reproduction in actinomycin-treated cultures 
of chicken fibroblasts and human amniotic cells 
were changed after the latent period of multiplica- 
tion was shortened by 2 h (Fig. 1). To clarify this 
problem an autoradiographic investigation was 
carried out. Cultures of human amniotic cells 
infected with Sendai virus (1,000 ZD; per cell) were 
held at 35° C in Medium 199 or in this medium 
with 0-5 y/ml. of actinomycin D. 30 min, 1, 2, 3 
and 5 h after onset of incubation samples of 
cultures were exposed to 1 ye/ml. of tritiated 
uridine for 30 min, washed in BBS containing 
excess of unlabelled uridine, fixed in Carnoy 
solution, covered with emulsion type M and ex- 
posed for | month. Developed autographs were 
stained by the Unna method. 

_ Four sets of experiments were performed: (a) 
-Control cultures; (6) cultures treated with actino- 
_ myein D; (e) infected cultures; (d) infected cultures 
< treated with actinomycin D. All ineorporated 


_.. Yadioactivity in the control cells was localized in the 
cell nuclei, mainly in the internucleolar area; in some 
© cells grains were found both in the internucleolar area 


~- and in the nucleoli (Table 1 and Fig. 2). Actinomycin 

-D inhibited completely incorporation of tritiated uridine 
into the internucleclar area and partially into the 
nucleoli. No differences were observed in grain local- 
ization between control cells and infected cells for the 
_ first hour after infection; but 2 h after infection and 

later there was no labelling of internucleolar area. Heavy 
labelling of nucleoli was observed 3 h after infection 
(Fig. 2) and disappeared within 5 h. In the infected 
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Fig. 1. Influence of actinomycin D on the dynamics of Sendai virus 
reproduction in human amniotic cells 
@. HA titre in control cells; ©, HA titre in actinomycin-treated ‘cells | 


M. IDs. titre for chicken embryos in control cells; (], EDs, titre in: 
actinoniyein-treated cells 








Sig. Z Human amniotic cells: autoradiographs ( x 900) 


Sendai virus infection 


a, Control colis ; b, actinomycin-treated cells ; e, actinomycin-treated cells 2h fter te 











cels treated with actinomycin D no. labellin; 
intornucleolar area was seen; an increased incorp 
tion of tritiated uridine into nucleoli was observed. 
after infection, became more intense at 2h and disappea 
3 h after infection. The number of grains in nueleoli o 
infected cells was considerably greater than that 
nucleoli of the control cells. ee 
The results obtained show that actinomycin D inhibit 
the synthesis of RNA in internucleolar area and pa 
in nucleoli. Differences between our results and th 
Perry*‘ seem to be explained either by different properties 
of cultures used or by different experimental conc 





















um penetrates®*, An earlier synthesis of viral 
shortening of the latent period of multiplication 
actinomycin-treated cultures may be explained 
tion of messenger RNA of a cell; as a result, 
; systems start to work earlier according to a 
‘ogramme of virus. SO 
oe | A. Q. BUKRINSKAYA 
Institute of Virology, V. M. Zapanov 
ademy of Medical Sciences, U.S.S.R., 
oe “Moscow. 7 
R. D., Ives, D, Ra, and Cruickshank, J, G., Nature, 194, 1130 (1962). 
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Perry, R. P. Bap. Cell Res 29, 400 (1963), 
-t Perry, R.P., Proe, U.S. Nat. Acad. Sci., 48, 12, 2179 (1962). 





_ * Bukginskaya, A. G., Zhdanov, V, M., and Ramenskaya, G, P., Probl. 
F "Thlanot, Votat Bukrinskaya, A. G., and Ramenskaya, G. P., Acta virol, 


_ Nicotinamide Adenine Dinucleotide and 

_ Nicotinamide Adenine Dinucleotide Phosphate 
=o Concentrations in Leaves of Nicotiana 
glutinosa infected by Tobacco Mosaic Virus 


_ Waen leaves of Nicotiana glutinosa are inoculated with 
tobacco mosaic virus (TMV) the formation of local necrotic 
losions is accompanied by an increase in the rate of respira- 
tion’. This increase is related to the development of the 
lesions and to the total number of lesions produced, 
Although tissue extracts of the lesions show increased 
polyphenoloxidase activity*-+ evidence is lacking to show 
that polyphenoloxidase is concerned in the respiration of the 
intact virus-infected cell or that the incrcased repiration is 
related: to increased polyphenoloxidase activity, Two 
possible functions for polyphenoloxidase in the metabol- 
ism of the virus-infected cell can be suggested. It may 
function as a terminal oxidase, and the increased respira- 
tion is the result of the increased polyphenoloxidase 
activity. However, thisis most unlikely as the respiration 









saves of Nicotiana glutinosa were inoculated with TMV 
five days after the appearance of local lesions healthy 
infected leaves were assayed for NAD, NADH,, 
DP and NADPH, An acid medium of 5 ml. of 0-1 M 
‘drochloric acid buffer pH 8-2, 1 ml. N hydrochloric 
and 2 ml. water was used to extract NAD and NADP. 
DH, and NADPH, were extracted by an alkaline 
um, 5 ml. tris-hydrochlorie acid buffer, 1 ml. N sodium 
side and 2 ml. of water. The extraction medium 
contained in a Potter-Elvehjem homogenizer im- 
ed in a bath of boiling water. The leaf was. cut into 

f convenient size and rapidly dropped into the 
yenizer, heated for 30 sec, homogenized for 90 sec, 


















- tides. 





and then rapidly cooled by immersion in a freez 
of dry-ice and ethanol. The extracts were. th 
centrifuged at 20,000g for 15 min in a refrigerated. cer 
fuge. The supernatants were decanted; the pH. of 
alkaline-extract adjusted to 8-0 and that of t 










extract to 7-5 by dropwise addition of acid or alkaliinthe __ 


cold. The nicotinamide-adenine dinucleotide content of . 
the extracts was determined immediately by the colori- 


metric method of Slater and Sawyer’. NAD, NADH, 







NADP, and NADPH, (Sigma purest grade) were t 
purity by the usual spectrophotometric meth 
used to construct calibration curves for the me 
Slater and Sawyer and to determine the recovery of 
dinucleotides added to the extracting medium, The 





recovery was more than 90 per cent for all four dinucleo- ee 


Table 1. NICOTINAMIDE-ADENINE DINUCLEOTIDE AND N IOOTINAMIDE- 
ADENINE DINUCLEOTIDE PHOSPHATE CONCENTRATION OF Nicotiana . 
giutinosa LYAVES INOCULATED wrru TMV og aS 

Nucleotide #gig fresh weight . l 

Healthy TMV-infeeted - 

+i 
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od 
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NADP 30 
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es Eua 
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The results given in Table 1 show an increase in the level 
of NADH, and NADPH, in the leaves showing TMV- 
induced lesions. As these results represent a complete 
leaf it may be that the increase in reduced nicotinamide- 
adenine dinucleotides is even greater in the region of the 
Iceal lesion. It is not possible to cut out and assay a 
number of individual local lesions because the tissue con- 
tains an active NADH, oxidase which rapidly oxidizes 
NADH, in tissue homogenates. The decrease in the 
NAD/NADH, ratio in the tissue from 7 to 1 for healthy 
leaves to 2-4 to 1 for Virus-infected leaves and a decrease 
from 15 to 1 for healthy to 1-4 to 1 in the virus-infected- 
leaves for the NADP/NADPH, ratio show an aceumula- 
tion of reduced nicotinamide-adenine dinucleotides in the: 
virus-infected leaf. It has been shown by Selymosy and 
Farkas’ that the enzymes of the pentose phosphate shunt 
are activated in the periphery of the local lesion; «This: 
may account for the increase in NADPH, in the virus- 


infected tissue. However, an inereased respiration rate in 


the tissue requires an increase in electron transfer from 
NADH, to oxygen. It may be that virus multiplication 
in the lesion results in protein synthesis leading to en 
increased utilization of adenosine triphosphate and con- 
comitant oxygen. uptake. Even so it would appear that 
the electron-transfer chain is unable to reoxidize reduced 
nicotinamide-adenine dinucleotides. as rapidly as they 
are formed in the virus-induced local lesion. ye pee 

D. W. SUNDERLAND 

M. J. MERRETT 

Department of Biological Sciences, 
Institute of Technology, 
Bradford. 7. 
1 Owen, P. C., Ann. App. Biol., 46, 198 (1958). l 
2 Yamaguchi, A., and Hirai, T., Phytopath., 49, 447 (1959). 
* Solymosy, F., Farkas, G. L., and Kiraly, Z., Nature, 184, 706 (1959), 
* Kixuchi, M., and. Yamaguchi, A., Nature, 187, 1048 (1960). 
è Slater, T. F., and Sawyer, B., Nature, 198, 454 (1962). 
$ Kornberg, A., in Methods in Enzymology, edit. by Colowiek, 8, P., and 
Kaplan, N. O., 8, 878 (Academie Press, Ine., 1957). 

' Solymosy, F., and Farkas, G. L., Nature, 195, 835 (1962). 


MISCELLANEOUS 


Equipment for Facilitating Movement on an 
intertidal Mud-flat 
Ir is probable that the lack of literature relating to 
intertidal mud ecology as compared with other intertidal 
habitats is due, in part, to the restrictions placed on move- 


ment by the softness of the substratum. Yonge’ reported 


that at Stolford, Bridgewater Bay, the shrimp fishermen, 








ie tate travelling for distan 






hen remaining in one 





minutes while samples are taken. The problem of per- 


<> forming these tasks has been overcome by designing mud 
skis. 









= Strong plaited 
Dorsal view — Rear heel line 
Front heel ~ bar 


bar 


Wire attachment 


Ventral view 


Backward pomnng 
metal strip 


Fig. 1. Diagrammatic sketch of the mud skis 


“he main body of each ski is of }-in. thick 3-ply wood, 


. 80 in. long and 9 in. wide, to which are attached a toe, 


front heel, and a rear heel bar (Fig. 1). These wooden 
bars prevent fore and aft movement of the foot relative 


| to the ski, bars on either side of the heel eliminating 


sideways movement. The upturned forward end of the ski 


‘is fashioned from 18 gauge galvanized iron, as are the 


backward pointing strips on the ventral surface. For 


extra strength the galvanized attachments and wooden 


bare are fixed to the 3-ply board with Ẹ in. brass screws, 


‘The ski is fastened to the foot in two places by means of 


strong plaited line threaded through attachment loops 


‘made from }-in. diameter galvanized wire. 


“Forward movement is effected by using one ski as a 


_ pivot, sliding the other ski forward relative to it, then 
‘using this ski as a pivot. The backwardly directed metal 


strips on the underside of the pivot ski prevent slipping. 
This method of progression allows a sledge laden with 
sampling equipment to be drawn along by hand. 


J. D. GEORGE * 


-Department of Zoology, 


-.«... University of Southampton. — 

E = Present address: Institute of Oceanography, Dalhousie University, 
=o- Halifax, Nova Scotia. 

©. 1 Yonge, ©. M., The Sea Shore (Collins, London, 1949). 


a Impurities in Commercially Prepared Tritiated 


Folic Acid 


_ RADIOISOTOPICALLY labelled compounds are being used 


with increasing frequency in both basie science and 


clinical investigation. Most laboratories are dependent 
on commercial sources for these products, and although 
the specifications attesting to the purity of a compound 
are usually accurate, exceptions do occur. 

We have recently had occasion to use commercially 
available tritiated folic acid specified by the manufacturer 
to be 100 per cent pure by dilution analysis and chromato- 





Fig. } 


graphy. As a check on the purity a sample of the tritiated 
folic acid was subjected to paper chromatography in- 
subdued light, using 0-2M phosphate buffer pH 7 aa 
Fig. 1 is a photograph taken under ultra-violet: Humina- - 
tion of the chromatograms of the tritiated folie acid 
as well as unpurified and purified stable folic acid. Strip A _ 
is the tritiated folic acid with accompanying radio- 
scanogram. Radioactivity is clearly evident at several- 
positions corresponding to two slow-moving fluorescent 
areas, a middle absorbent area representing folic acid, a 
second faster-moving fluorescent area, and a less-clearly 
visible absorbent spot near the end of the strip. Strip B- 
is unpurified grade C folic acid. Similar slow-moving - 
fluorescent areas are evident, but the fluorescence just 
ahead of the folic acid absorbent spot is moving slower 
than that seen in the tritiated folic acid strip. However, 
this impurity on repeat chromatography sometimes spreads. 
from the folate absorbent area, and, therefore, probably ` 
represents the same impurity. Strip C is the same com- 
mercial folic acid purified in our laboratory by the method 
of Sakami and Knowles’. Practically all but a slight trace 
of the faster-moving fluorescent impurity has been 
removed. We did not analyse these impurities, but from 
the observations of Belcher et al.2 it would appear that the: 
faster-moving fluorescent area seen in strip A represents | 
free tritium and/or para-aminobenzylglutamates. The 
slower-moving fluorescent areas are probably pteridine 
fractions. The fluorescent areas at the end of the strips 
are due to accumulation of phosphate salts at the solvent 
front. = ae 
Planimetrie analysis of the tritiated folic acid radio- 
scanogram revealed that only 50 per cent of the radio ae 
activity corresponded to the folie acid absorbent: area. 
Tho slov - and fast-fluorescent areas had approxima 
15 and 35 per cent of the radioactivity, respectively. 
The pure folate absorbent area was easily eluted fi 
the paper with 0-?M phosphate buffer, pH 7, and, wh 
rechromatographed under similar conditions, moved 
single radioactive peak corresponding in mobility 
pure folic acid. ee 
This work was supported by a New York City Health 
Research Council grant U-1190. ee, 
SHELDON P. ROTHENBERG 
RuBEN Garcia >S o 
Blood Research Laboratory, 
Department of Medicine, 
New York Medical College, New York. — 
1 Sakami, W., and Knowles, R., Science, 129, 274 (1959). 
* Belcher, E; A., Anderson, B., Chanarin, I, anc 
Strahlentherapie, Supp., 45, 184 (1960), 50o 
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FORTHCOMING EVENTS 


(Meetings marked unth an asterisk are open to the pubie) 


Monday, December 2 


UNIVERSITY OF LONDON (at the Royal Vetermary College, Royal College 
Street, London, NW i), at 4 pm—Prof Jobn Francis (University of 
Queensland) ‘Vetermary Research and Education in Australa” * 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W C 2), at 5 30 pm-—Mr T Horner “Atmospheric 
Radio Noise as a Problem in Radio Communications” 


BRITISH INSTITUTION OF RADIO ENGINEERS, COMPUTER GROUP (Gomt 
meeting with the COMPUTER GROUP of the INSTITUTION OF ELECTRICAL 
ENGINEERS, at the London School of Hygiene and Tropical Medicme, Keppel 
Street, Gower Street, London, W C 1), at 6 p m-—Symposium on “Analogue 
Circuit Techniques Using Transistors” 


INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION AND TRAINING 
GROUP (at 1 Birdcage Walk, Westminster, London, S W 1), at 6 p m — 
Discussion on ‘Some Experience on Projects m Courses for Diplomas m 
Technology” 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, W C 2), 
at 6 pm -Mr Hulme Chadwick “Colour and Community” (Last of 
three Cantor Lectures on “Colour m Modern Iafe” ) 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave 
Square, London, S W1), at 630 pm—Mr H Hearn “Technical 
Developments m the Aerosol Field” 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S W 7), 
at 815 pm—Mr Norman G Dyhrenfurth “America on Everest”. 


Tuesday, December 3 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University College, 
Gower Street, London, WC 1), at 115 pm—Dr P J Ucko “The $g- 
nificance of Prehistoric Human Figurines” * 


UNIVERSITY OF LONDON (at Imperial College, London, S W 7), at 1380p m 
—Mr D E Broadbent ‘Decision and Action’ (Last of five lectures on 
“The Basis of Experimental Psychology” )* 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, S W 1), at 6 30 p m --Mr J © Dickmson and Mr R T Gerrard 
“Cameron Highlands Hydroelectric Scheme” 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
(at Savoy Place, London, W C 2), at 530 pm—Mr R M Ware and Mr 
D J McNeil “Iron Disilicide as a Thermoelectric Generator Material’, 
Dr K Crystal ‘Silicon Solar Cells for Ground Level Use” 


UNIVERSITY OF LONDON (at Imperial College, London, S W 7), af 5 30 p m 
PASA A Y Bradshaw “The Third Phase m Metallurgy” (Inaugural 
ecture 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W C1), at 530 pm-— 
Dr F T Perkins “Virus Vaccines—Iaving or Dead ?” (Fourteenth of 
eighteen lectures on “The Scientific Basis of Medicmme” organized by the 
British Postgraduate Medical Federation )* 


SOCIETY FOR ANALYTICAL CHEMISTRY, ATOMIO ABSORPTION SPECTRO- 
SCOPY DISCUSSION PANEL of the PHYSICAL METHODS GROUP (at the Chemical 
Society, Burlington House, Piccadilly, London, W 1), at 6 30 pm -—First 
iw oo Meeting, followed by a Discussion opened by Dr W Slavin 


Wednesday, December 4 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W 12),at2pm-—Prof A Latner “Isoenzymes” * 


INSTITUTION OF ELFoTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W © 2), at 230 pm and 5 30 pm--Colloquium on 
“Connections m Electronic Circuits” 


ROYAL SOCIETY or ARTS (at John Adam Street, Adelphi, London, W C 2), 
at 230 pm—Dr B A Southgate “The Prevention of Water Pollution-— 
the Present Position” 


COLOUR GROUP (GREAT BRITAIN) (Qn the new Physics Department, 
Timperi College, London, S W 7), at 3 pm-—Mr J Charlton “The Use 
of Colour in Eighteenth Century Interiors” 4 pm —Contmued Discussion 
the CIE Conference Reports with an Introduction by Dr R W G 

unt. 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, W 1), 
at 530 pm—Dr T F Gaskell “The Study of Oceanography and Its 
Bearmg on Jixploration for Q1” 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DrvIsion (at Savoy 
Place, London, W C 2), at 530 pm—Discussion on “Electrical Aspects 
of the Offices, Shops and Railway Premises Bull” opened by Mr J R Freeth 


BRITISH INSTITUTION OF RADIO ENGINEERS, TELEVISION GROUP (at the 
London School of Hygiene and Tropical Medicine, Keppel Street, Gower 
Street, London, WC 1), at 6 pm—Svmposium on “New Developments 
m Television Cameras and Zoom Lenses” 


INSTITUTION OF MECHANICAL ENGINEERS, STEAM PLANT GROUP (at 
1 Birdcage Walk, Westminster, London, $ W 1), at 6 pm —Mr 9 
Silver “An Approach to a New Theory of Surface Condensers” 


PLASTICS INSTITUTE (at the Wellcome Building, Euston Road, London, 
NW), af 6830 pm—Mr J M J Estevez “Some Thoughts on the 
Weathering and Ageing of Plastics” 


SOCIETY FOR ANALYTICAL CHEMISTRY (at the Chemical Society, Burl- 
mgton House, Piccadilly, London, W 1), at 7 p.m ~—Meeting on “Differential 
Thermal Analysis” 


Thursday, December 5 


NUTRITION SOCIETY Gomt meeting with the BRITISH GRASSLAND SOCIETY, 
at the Federation of British Industries, 21 Tothill Street, London, S W 1}— 
Symposium on “The Utilization of Grass by Rumunants” 


NATURE 
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Roran Socrrry (at Burlmgton House, Piccadilly, London, W 1), at 
430 pm—Mr N W Pre, FRS "The Size of Small Organisms” (The 
Leeuwenhoek Lecture) 


SIR THOMAS MIDDLETON MEMORIAL TRUST (at the Wellcome Building, 
183 Euston Road, London, N W 1), at 5pm—Dr J BB “The 


rocksby 
Impact of Research on the Control of Foot-and-Mouth Disease” (Ninth 
Middleton Memorial Lecture) 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westmunster, 
London, S W 1), at 530 pm-—Informal Discussion on “Supersomie Con- 
o Aurcraft—Their Effect on Airport Layout” introduced by Mr A O 

nson 


ROYAL INSTITUTION, LIBRARY CIRCLE (at 21 Albemarle Street, London, 
W 1), at 530 pm—Dr F N L Poynter ‘On Colleeting Books for a 
Library of the History of Medicme” 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, WC 1), at 530 pm— 
Prof L Saunders “Interfacial Films and Cell Membranes” (Fifteenth 
of eighteen lectures on “The Scientific Basis of Medicme” organized by the 
British Postgraduate Medical Federation )* 


INSTITUTE OF REFRIGERATION (at the National College for Heating, 
Ventilation, Refrigeration and Fan Engmeering, Southwark Bridge Road, 
London, S E 1), at 6pm—Mr V S Meadows ‘“‘Fluidised Bed Techniques 
in Refrigeration” 


INSTITUTION OF MECHANICAL ENGINEERS, HYDRAULIC PLANT AND 
MACHINERY GROUP (at 1 Birdcage Walk, Westminster, London, S W 1) 
at 6 p m —Tyiscussion on “Should Hvdraulic Equipment be Cheaper ?” 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (joint meeting with 
the INDUSTRIAL WATER AND EFFLUENTS GROUP, at the Royal Institution, 
Albemarle Street, London, W 1), at 630 pm—Dr J S Carter “The 
Alkah Inspectorate Look Back” 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (joint meeting with 
the NORTHAMPTON COLLEGE OF ADVANCED TECHNOLOGY CHEMICAL SOCIETY, 
at the Northampton College of Advanced Technology, St John Street, 
London, EC 1), at 7 pm—Prof G J Hills “The Structure of Water 
and Aqueous Solutions” 


- 


Friday, December 6 


ASSOCIATION OF APPLIED BIOLOGISTS On the Lecture Hall of the British 
Museum (Natural History), Cromwell Road, London, S W 7), at 11 am — 
Discussion on “Host Specific Replantmg Problems m Fruit Trees” mtro- 
duced by Dr R S Pitcher and Dr J E Crosse 12 noon-—Discussion on 
“Viruses m the Cultivated Mushroom” introduced by Mr M Hollmegs, 
Miss Doreen G Gandy, Dr F T Last and Dr Olwen M Stone 2 30pm 
—Dr L Broadbent ‘Winds of Change m Apphed Biology” (Barnes 
Memorial Lecture) 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 9 pm — 
v L S B Leakey “The Search for Man’s Ancestors and Cousins m East 
rea” 


Saturday, December 7 


LONDON County CouncrL (at the Horniman Museum, London Road 
Forest Hull, London, S E 23), at 330 pm—Dr G H S Bushnell “Pre- 
Columbian Mexican Art” * 


Monday, December 9 


BRITISH SOCIETY FOR THE PHILOSOPHY OF ScrencE On the Joint Staff 
Common Room, University College, Gower Street, London, W C 1), at 
530 pm—Dr I Hackmg “On the Foundations of Statistics” 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W C 2), at 5 30 p m —Diseussion on “Measurements 
at Very Low Frequencies with particular reference to Noise’? opened by 
Dr J L Douce Mr H Suteliffe and Prof J C West 


INSTITUTION OF ELECTRICAL ENGINLERS, SCIENCE AND GENERAL DIVISION 
(at Savoy Place, London, W C 2), at 530 pm —Dr F Fallside and Mr 
M R Patel “Effect of a Back EMF Non-lineanty on Responses of a 
Second-Order Position Control System’, Dr F Fallside and J O C 
Ezeo A ppuration of the Second Method of Lyapunov to the Stability 
H oe osition Control Systems Contammg a Back-EMF Non- 
Ineanty” 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 8 W 7), 
at 6 pm—‘The Pitcairn People” (colour films). 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the followmg appomtments on or before 
the dates mentioned 

ASSISTANT LECTURER/LECTURER (well qualified ın one of the human 
biological sciences) IN ErRGonomicsS—The Academic Registrar, Lough- 
porough College of Technology, Loughborough, Leicestershire, quoting Ref 
86/G (December 6) 

LECTURER (with mdustrial experience m the field of corrosion and sur- 
face technology, and preferably an honours degree or equivalent quali- 
fications) IN THE DEPARTMENT OF MHTALLURGY—The Secretary, Battersea 
College of Technology, Battersea Park Road, London, S W 11 (December 6) 

SENIOR RESEARCH ASSISTANT (with a Ph D in physics or equivalent 
research experience) IN THE DEPARTMENT OF PHYSICS, to work on the 
optical and electrical properties of some magnetic oxide semi-conductors, 
this will include the Raman effect, using an infra-red gas laser—The Registrar, 
The University Sheffield (December 7) 

TUTOR IN PHILosopHy-~The Principal, St Anne’s College, Oxford 
(December 7) 

ASSISTANT LIBRARIAN (honours graduate with lubrary qualfications}— 
The Secretary, The Queen’s University, Belfast, Northern Ireland (Decem- 
ber 10) 

ASSISTANT LECTURER or DENONSTRATOR (with medical quahfications 
registrable ın the United Kingdom) IN PaTHoLoGy—The Registrar, The 
University, Manchester 13 (December 14) 

Sie OF StTaTisTics—The Registrar, The Universtiy, Sheffield (Decem- 
ber 14 
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~ SENIOR RESEARCH ASSOCIATE (plant physiologist or physical scientist 

interested ın plant physiological problems) IN THE SCHOOL OF BIOLOGICAL 

SoOrences, to work under the general direction of Prof J Dainty on a pro- 

gramme of ionie and water relations of plant cells and tissues—The Regis- 

ont aaa of East Angha, Barlham Hall, Norwich, Nor 05G (Decem- 
er i 

SENIOR LECTURER or LECTURER IN OPHTHALMOLOGY—The Registrar, 
The University, Sheffield (December 18) 

SENIOR LECTURER or LECTURER IN GEOGRAPHY at the University of 
Khartoum—The Registrar, University of Khartoum, c/o Inter-University 
Council for Higher Education Overseas, 29 Woburn Square, London, W C 1 
(December 20) 

SENIOR LECTURER or LECTURER IN PHARMACOLOGY at the Umversity 
of Khartoum-—-The Registrar, University of Khartoum, c/o Inter-University 
Council for Higher Education Overseas, 29 Woburn Square, London, W C1 
(December 20) 

SENIOR LECTURER (with a degree ın chemistry or biochemistry 
and extensive experience in clmical chemistry) IN THE DEPARTMENT OF 
woo CHEMISTRY~-The Secretary, The University, Edinburgh (Decem- 

er 

ASSISTANT LECTURER IN THE DEPARTMENT OF ZOOLOGY, University of 
Ibadan, Nigeria~~The Secretary, Inter-University Council for Higher 
Edueation Overseas, 29 Woburn Square, London, W C1 (December 22) 

DEPUTY CHIEF SCIENTIFIC OFFICER (Virologist) TO TAKE CHARGE OF THE 
VIROLOGY SECTION OF THE MICROBIOLOGICAL RESEARCH ESTABLISHMENT, 
Porton Down, Wilts, and to undertake research m the field of animal viruses, 
particularly those groups which attack man, and to supervise the work of 
a group of serentfic staff working m allied flelds—The Secretary, Civil 
Service Commission, 28 Savile Row, London, W 1, quoting Ref 6$/5790/63 
{December 31) 

LECTURER (qualified m physics and an interest m the application of 
physical techniques to biology and particularly macromolecules or electron 
microscopy) IN THR DEPARTMENT OF BoTaNy—The Secretary, University 
College, Gower Street, London, W C 1 (December 31) 

LECTURER (with a special interest in gas dynamics) IN THE DEPARTMENT 
OF MECHANICAL EINGINDERING—-[he Secretary, Umversity College, Gower 
Street, London, W C1 (December 31) 

SENIOR LECTURER IN EXPERIMENTAL PHYSICS, and a LECTURER and an 
ASSISTANT LECTURER IN EXPERIMENTAL OR THEORETICAL PHYSICS— The 
oe University of Sussex, Stanmer House, Stanmer, Brighton (Decem- 

Ck 

READER or SENIOR LECTURER IN CHEMISTRY, and a LECTURER and an 
ASSISTANT LECTURER IN CHEMISTRY—The Registrar, University of Sussex, 
Stanmer House, Stanmer, Brighton (December 31) 

MARGUERITE A KEASBEY OFFICIAL FELLOW AND LECTURER IN THEO- 
RETICAL PHystcs—The Warden, New College, Oxford (January 1) 

CHAIR OF APPLIED ELECTROMAGNETISM, with particular reference to 
plasma engineermg—The Registrar, The University, Liverpool, quotmg 
Ref No CV/462 (January 11) 

CHAIR OF PUBLIO HFALTH AND SOCIAL MupictinE—The Secretary, The 
University, Edinburgh (January 15) 

SENIOR LECTURER or LECTURER IN ENTOMOLOGY at Rhodes University, 
Grahamstown, South Africa—The Secretary, Association of Commonwealth 
Universities (Branch Office} Marlborough House, Pall Mall, London, S W 1 
(South Africa and London, January 15) 

CHAIR OF MATHEMATICAL STATISTICS at Monash University—The Secre- 
tary, Association of Commonwealth Universities (Branch Office}, Marl- 
borough House, Pall Mall, London, SW 1, or The Registrar, Monash, 
breil O Box 92, Clayton, Victoria, Austraha (Australia and London, 

anuary 

UNIVERSITY LECTURER IN BiocHemistry—~The Administrator, Depart- 
aoe. Biochemistry, The University, South Parks Road, Oxford (Janu- 
ary 

ASSISTANT o> ASSISTANT LECTURER (with special mterests m morgane 
chemistry) IN THE DEPARTMENT OF CHEMISTRY—~The Professor, Depart- 
ment of Chemustry, University College, Upper Merrion Street, Dublin 2, 
Republic of Ireland 

LECTURER IN MATHEMATICS, and an ASSISTANT LECTURER IN ZOOLOGY 
at the University of Basutoland, Bechuanaland Protectorate and Swaziland 
-~~The Secretary, Inter-University Council for Higher Education Overseas, 
29 Woburn Square, London, W C1 

LECYURER (with good academic qualifications and preferably experience 
of teaching, research or industry) IN MaTHEMwaTICS—The Academic Regis- 
trar, Loughborough College of Technology, Loughborough, Leicestershire 
quoting Ref 35/G 

PuHyYsicist (with experience of electronics), to work m the application 
of computers to experiments in the field of nuclear structure——Nuclear 
Physics Laboratory, The University, 21 Banbury Road, Oxford 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and lreland 


Admiralty, Hydrographic Department Admiralty Marine Science Publica- 
tion No 4 Bathymetric, Magnetic and Gravity Investigations, H M S 
Owen, 1961-1962 Part 2 Profile Pp 2-+-35 profiles + track chart and profile 
index (H D 539) (London Admiralty, Hydrographic Department, 1963 ){109 

University Grants Committee, Returns from Universities and University 
Colleges ın receipt of Treasury Grant, Academic Year 1961-1962 Pp 
ch a (Cmnd 2135) (London HM Stationery Office, 1963) 6s 


è 189 
Hospital Engimeering Research Umt <A Study of the Perfi À 
Air Conditioning Plants at Three Operating Theatre Suites Pp 32 (Glasgow. 
Hospital Engineering Research Unit, 3 Lilvbank Gardens, 1963) 5s [189 
The State of Our Schools a Report of the Findings of the National Survey 
of Schools, 1962 Part3 An Analysis of the Findings Relating to Grammar 
Schools, Comprehensive Schools and Special Schools Pp 19 (London 
ani apart an the Metaerciogionl Orica t Ot 
nnual Report on the Meteorologica ce for the year 1 Janua 
December 1962 Pp vin+70+4 plates (MO 745) @ontion ” Hit 
Pee iouery aico ee A ee 6d ant edie [189 
epartment of Scientific and Industria esearch Forest 
Research Bulletin No 88 The Efficiency of Adhesives for Woo gt 
Aa N Pp v+29+8 plates (London HM Stationery Office, 
189 
British Mycological Society ist of Members Pp 30 (databind 
R C E Macer, Secretary, British Mycological Society, ¢ 
Institute, 1963 ) , oe teen er 
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Ciba (A B.L), Ltd Technical Notes, No 249, (September, 1963) Quality 
Control of Chipboard Pp 8 (Duxford Ciba(A RL), Ltd , 1963) [189 

The British Glass Indnatry Research Association Eighth Annual Report 
aan Pp 44 (Sheffield The British Glass Industry Research canines (7 
196 


) [1 
The Institute of Navigation Report of the Council, 1962-8 Pp 17 
(London The Institute of Navigation, 1963 ) [189 

4he Vetervnarvan, Vol 1, No 1, (July, 1968) An International Journal 
devoted to Large Animal Practice Edited by Bruce V Jonesand Dr D H L 
Rollinson Pp 1-92 Annual subscriptionrates (A) Forlibrarnies, government 
establishments, research laboratories, ete £7 (20 dollars), (B) For individuals 
who place their orders directly with the publisher and certify that the journal 
1s for their personal use, £8 (9 dollars), (C) For members of the Society of 
nET A Surgeons, £2 (London and New York Porge on 

TESS, 

Bulletin of the British Museum (Natural History) Botany Vol 3, No 3 
Angiosperms of the Cambridge Annobon Island Expedition By A W Exell 
Pp oak +plates 3-12 ndon British Museum (Natural RIBOT) 
196 8 

General Register Office Census 1961 England and Wales County 
Teport Enex Pp xxui+247 (London HM Stationery Office, at, 
458 ne 


VoL 200 , 


Other Countries 


Annals of the New York Academy of Sciences Vol 105, Article 5 
Anticipated Biological and Environmental Effects of Detonating a Twenty- 
Megaton Weapon on Columbia Circle m New York City Ky Tom Stoner 
Comment by Merril Eisenbud and Lt Gen E W Farrell Pp 287-893 


(New York New York Academy of Sciences, 1963 ) 3 dollars [249 
Reactor Centrum Nederland Summary of Activihes, January 1962- 
July 1963 Pp 16 (The Hague Reactor Centrum Nederland, 1963 ) [149 


Memoirs of the Connecticut Academy of Arts and Sciences Vol 15, 
(July, 1963) The Cephalocarida—Functional Morphology, Larval Develop- 
ment, Comparative External Anatomy By Howard L Sanders Pp 80 
(New Haven, Conn Connecticut Academy of Arts and Sciences, Copen- 
hagen Ejnar Munksgaard, Ltd , 1963 ) 4 dollars [249 

Transactions of the American Philosophical Society New Series, Vol 63, 
Part 5 The Scent of Time—a Studv of the Use of Fire and Incense for 
Time Measurement in Oriental Countries By Silvio A Bedini Pp 51 
(Philadelphia American Philosophical Society, 1963 ) 2 dollars {249 

Umted States Department of the Interior Geological Survey Bulletin 
1119 Geology of Portland, Oregon and Adjacent Areas Bv Donald E 
Trimble Pp v+119+plate i Bulletm1135-B Oxidized Zine Deposits 
of the United States By Allen V Heyl Pp vi+104-+- plates 1-9 (Washing- 
ton, DC Government Printing Office, 1963 } 1269 

Canada Department of Mines and Technical Surveys Geological Survey 
of Canada Bulletm100 Clearwater Lake, New Quebec By S H Kranck 
and @ W Sinclair Pp 1x+26 (5 plates) 76 cents Memoir 327 Terra 
Nova and Bonavista Map-Areas, Newfoundland By Stuart E Jenness 
Pp x1-+184 (13 plates) 2 dollars Paper 62-85 Additional Notes to 
Accompany Map 3—1958 (Fury and Hecla Strait Map-Area), and Map 4— 
1958 (Foxe Basin North Map-Area) By R G Blackadar Ep ii+24 35 
cents Paper 63-8 Field and Laboratory Methods Used by the Geological 
Survey of Canada in Geological Surveys No 8 Method for Determining 
Arsenic By J J Lynch and G Mihailov Pp 1+12 86 cents Paper 63-3 
Palynology and Stratigraphy of some Upper Pennsylvaman and Permian 
Rocks of the Maritime Provmces By M Barss, P A Hacquebard and 
R D Howie Pp u+13 35 cents (Ottawa Queen’s Printer, 1963 ) [269 

The Creative Scientist is Traming and His Role By Dr Glenn T 
Seaborg Pp 9 (Oak Ridge, Tennessee US Atomic Energy Commission, 
Drvision of Technical Information Extension, Educational Materials Section 

Dept SS-1),P O Box 62, 1968 ). [2 

Objectivity of Space-Time and Pure Wave Approach to Atomic Processes 
and Dynamics By A G Lahiri Pp 11436 (Burdwan, India A G 
Lahiri, Burdwan Raj College, 1963 ) {269 

United States Department of Commerce National Bureau of Standards 
NBS Report 7882 The Appheation of Automata Theory to Problems in 
Information Retrieval, with Selected Bibliography By Russell A Kirsch 
(A Report from the Research Information Center and Advisory Service on 
Information Processing, Data Processing Systems Division, to the National 
Scrence Foundation ) Pp ii+70 (Washington, DCO : Department of Com- 
merce Natrona) Bureau of Standards, 1963 ) [269 

Organisation for Economic Co-operation and Development OECD 
Smentific Research Country Reports on the Organisation of Scientific 
Research—United States Prepared by Mary E Corning Pp 96 (Paris 
Organisation for Economic Co-operation and Development, 1963 ) [269 

National Academy of Scrences—National Research Council Sub-com- 
mittee on Radiochemistry NAS-NS 3108 Appleation of Distillation 
Techniques to Radiochemical Separations By James R DeVoe (Nuclear 
Seience Series Radiochemica) Techniques) Pp vi4+29 (Washington, 

A Office of Technical Services, Department of Commerce, 1963 ) 50 
cents 269 

Annals of the New York Academy of Sciences Vol 105, Article 6 he 
Inter-professional-Treatment of the Disturbed and Delinquent Adolescent 
By Alfred B Ambler, Jerome M Goldsmith, Samuel Rosmarin, and Grace 
M Abbate Pp 383-420 (New York New York Academy of Sciences, 
1963 ) 2 50 dollars [269 

Organisation for Economic Co-operation and Development Scrence and: 
the Policies of Governments The Implications of Science and Technology 
for National and International Affairs Pp 55 (Pars Orgamsation for 
Economic Co-operation and Development, 19638 ) [269 

Chicago Natural History Museum Fieldiana Geology Vol 14, No 8 
Parasaurolophus eyrtocristatus, n Crested Hadrosaurian Dinosaur from New 
Mexico By John H Ostrom Pp 143-168 (Chicago Chicago Natural 
History Museum, 1963 ) 1 dollar [269 
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Electrophoresis Apparatus 
TISELIUS MOVING BOUNDARY TYPE | 


* Large capacity research instrument with great %*Far reaching automation of controls, including 
versatility of application—for diffusion experiments, semi-automatic photography. 
analytical electrophoresis using a range of 


volumes, and large-scale preparative work. * Comprehensive range of analytical and pre- 


*New straight line optics affording compact parative cell sets of novel design 


overall size, and permitting independent two-cell 
operation * Thoughtful co-ordination in the design of 
optical, mechanical and electronic systems giving 
* Outstanding optical systems giving highest maximum versatility of application, ease of opera- 
definition for all measuring methods including tion and facility for instantaneous changeover from 
_ phase plate and Interference diagrams. one optical method toanother during an experiment. 


Measuring & Scientific Equipment Ltd. Spenser Street, London, 5.W.1. ViCtoria 5426 


GD 54> 
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CLASSIFIED ADVERTISEMENTS 


are charged at 12s for the first Ime and 
68 per line thereafter 


Lines in capitals or 
containing words m capitals 12s per lme 
Semi-displayed £4 16s per single column 
mch Colour (orange) £15 extra Is 18 
charged for the re-direction of replies to 


advertisements with a box number 


ADVERTISEMENTS SHOULD BE 
ADDRESSED TO T G Scott and Son, 
Lunited, 1 Clement’s Inn, Strand, London, 
WC2 Telephone HOLborn 4743 Tele- 
grams Textualist, Estrand, London 


APPOINTMENTS VACANT 





INTERNATIONAL ATOMIC 


ENERGY AGENCY 

The IAEA seeks highly qualified experts for 
Technical Assistance appointments overseas as 
follows 

Radio Chemiustry-~Chile 

Organe Chemustry~~Argentine 

Isotope Separation-~Argentine 

Biosynthesis of labelled compounds~-Philippines 

Nuclear Metallurgy~~Mexico 

Uranium Mineralogy—Burma 

Radio Isotopes m Parasitology -Greece 

Nuclear Instrumentation — Korea 

Nuclear Instrumentation—Philippines 

Experimental Neutron Physics—-Korea 

Nuclear Structures~~Mexico 

Nuclear Physics- Philippines 

Hospstal Physics-~Peru 

Medical application of Radio Isotopes—Viet- 

am 

Medical application of Radio JIsotopes—Korea 

Health Physics--Egypt 

Measurement of Tr:tium—Pakistan 

Agricultural application of Radio Isotopes-~ 

Thailand 
Agricultural apphcation of Radio Isotepes— 
Tunisia 
Aercultural application of Radio Isotopes-~ 


raq 

Soil Scientist—Turkey 

Soil Scientist Yugoslavia 

Radiation Genetics-—Yugoslavia 

Nuclear power plant design and construction 

{Physicist} Yugoslavia 

Utihzation of Research Reactor--Colombia 

Reactor Graphite Production—Yugoslavia 

Applications will be considered for similar 
vacancies occurring later Appomtments vary 
from 3 to 12 months in duratuon Salaries range 
between £3,000 to £4,000 a year, plus generous 
allowances Al emoluments tax-free 

For job descripuion write to DEPARTMENT 
OF TECHNICAL CO-OPERATION, Inter- 
national Recrutment Umit, Bland House, Stag 
Place, Victoria, London, S W 1, quoting RC 344/ 
02 (AEA) and stating post(s) applied for 


BEIT MEMORIAL FELLOWSHIPS 
FOR MEDICAL RESEARCH 


Notice is hereby given that an election of 
Junior Fellows to begin work on October 1 next 
will take place in May, 1964 Jumor Fellow- 
ships have annual values of £1,100 to £1,500, 
plus yearly increments of £100, for three years 
As a rule, superannuauon benefits are provided 
to which the successful candidate will be required 
to contribute 5 per cent of the annual stipend 
and to which the Trust wil make a contribution 
of 10 per cent Candidates must have taken a 
degree in a faculty of a university approved by 
the Trustees in Her Majesty's Dominions, Pro- 
tectorates and Mandated Territories, India, Paki- 
stan and the Republic of Ireland, or a medical 
diploma registrabile m the United Kingdom 
Elections to Jumior Fellowships are rare y made 
above the age of 35 years Applications from 
candidates must be received not later than April 
1 Candidates must submit evidence that they 
can be given accommodation in the departments 
where they propose to work, which must be 
ether in Great Britain or Ireland 

Forms of application and all information, may 
be obtained by letter only, addressed to Sir Roy 
Cameron, FRS, Ben Memorial Fellowships for 
Medical Research, Umversity College Hospital 
Medical School, University Street, London, 
Wcl1 For Overseas candidates forms of appli- 
cation may be obtained from the Secretary, South 
African Medical Council, PO Box 205, Pretoria, 
South Afmea The Ministry of Health, The 
Government of India, New Delhi, India, The 
Government of East Pakistan, Eden Buridings, 
Ramna, Dacca, East Pakistan, The Director, 
Commonwealth Office of Education, Box 3879, 
Sydney, Australia, The Department of Health, 
Wellington, New Zealand, and The Canadian 
Medical Association, 244 St George Street, 
Toronto, Canada 
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GUIDED WEAPONS DIVISION - STEVENAGE } 


te 


wish to appoint a 


DEPUTY LIBRARIAN 


Candidates should be Chartered Librarians with qualifi- 
cations in Science or Engineering or with technical 
library experience (public, technical college or special) 

The duties involved will consist mainly of information 
work, including co-ordinate indexing of reports, answer- 
ing technical inquiries, preparing bibliographies, and 
information dissemination 


assisting in an active 
programme 


The Corporation operates a comprehensive pension and 
life assurance plan and housing may be available to the 


selected applicant 


Please apply in writing to 


British Aircraft Corporation Limited, 


Senior Personnel Officer, 
Guided Weapons Division, 
Six Hills Way, 

Stevenage, Herts. 


CHEMISTS 


Chemical Abstracts Service of the American Chemical Society has 
a number of positions for men or women in chemical information 


work ın the following areas 


PHYSICAL CHEMISTRY 
ORGANIC CHEMISTRY 


INORGANIC CHEMISTRY 


POLYMER CHEMISTRY 


DOCUMENTATION RESEARCH 


These are excellent opportunities for chemists at all levels of 


experience 


Good conditions, prospects and pension scheme Salary 
according to traming and experience 


Interviews may be arranged 


in London, England Transportation will be furnished 


Write to 


Mr. E. H. Heilman, 
Chemical Abstracts Service, 
The Olio State University, 
Columbus 10, Ohio. 


UNIVERSITY OF WESTERN 
ONTARIO 


FACULTY OF ENGINEERING SCIENCE 

Applications are invited for a National Re- 
search Council of Canada Pest Doctorate Fellow- 
ship from candidates wishing to pursue research 
in one of the following fields Meteorological 
aerodynamic and structural aspects of wind load- 
ing on structures. geotechnical factors influenc- 
ing design parameters itn unccnsolidated earth 
matenals , thermodynamic properties, heat trans- 
fer and fluid flow of water tn the super critical 
region, and = gas-solid particulate systems or 
kinetics 

Persons should apply at once, giving curricuJum 
viae, details of research interests and experience 
and the names of referees 





TIMBER RESEARCH AND 
DEVELOPMENT ASSOCIATION 


Requires Graduate Physical or Inorganic Chem- 
Ist with some botanical knowledge for research 
on surface coatings and preservatives for wood 
Preferred age range 25 to 30, salary range £850 
to £1,100 

Apply The Secretary, TRADA, St John’s 
Road, Tylers Green, High Wycombe, Bucks 


TT etter ihre SS 

ST PAUL'S SCHOOL REQUIRES FOR 
September, 1964, a Master to teach Biology to 
A level, with some Chemistry and Biology, m 
the Middle School An interest in the teaching 
of Science to non-scientists and in the running 
of the School Field Club would be advantageous 
—Apply to the High Master, St Paul's School, 
London, W 14 
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WELLCOME RESEARCH LABORATORIES 


RESEARGH BIOGHEMIST 


to join the Therapeutic Research Division of the Wellcome 


Research Laboratories 


The Division 1s concerned with the 


investigation of substances with pharmacodynamic and chemo- 
therapeutic activity, aiming at the discovery of agents of value 


in human and veterinary medicine 


He will investigate biochemucal aspects of the action and 
metabolism of drugs in close collaboration with biologists and 


chemists. 


Graduates, preferably under the age of 30, with 


relevant postgraduate research experience, are invited to write 
in confidence for further particulars, quoting ref U4, to 
Mr. H. Mendelson, The Wellcome Building, 183 Euston Road, 


London, N.W 1 





AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


DIVISION OF ANIMAL HEALTH 


RESEARGH BIOGHEMIST 


Applications are invited for appointment to a position of Research Officer (Biochemust) 
with the Organization’s McMaster Animal Health Laboratory, situated in the grounds of 
the Wniverstty of Sydney, with which a close association 1s maintamed 


The appomtee will be required to undertake research on some aspects of chemical 
pathology, particularly in relation to the effects of parasitism 


Applicants should possess a Ph D degree or have had postgraduate research experience of 
equivalent standard and duration supported by satisfactory evidence of research ability 
Training and experience in mammalian biochemical research would be preferred 

Salary Dependent upon qualifications and experience within the range 

£A1,674 to £A2,511 per annum (but not less than £A1,979 per annum) 


Salary for women will be £A188 ner annum less than corresponding rates for men 


Promotion withn CSIRO 


is by merit and may go beyond the upper Hmit of the 


scale within which the original appointment 1s made 
Fares paid for the appointee and his dependent family Further particulars supplied on 


application to 


Mr P E Butler, Chief Sctentific Liaison Officer, Australian Scientific Liaison Office, Africa 


House, Kingsway, London, W C2, 


to whom applications (quotmg Appointment No 202/214) should be addressed by Decem- 


ber 28, 1963 


UNIVERSITY OF OXFORD 
UNIVERSITY LECTURESHIP IN 
BIOCHEMISTRY 


The University proposes to appoint with effect 
from as early a date as can be arranged a Lec- 
turer in Biochemustry Stnpend m the scale £1,250 
(under age 28) to £2,285 or, 1f medically qual- 
fied, £1,610 to £2,450 Children’s allowances of 
£50 per annum for each child, and FSSU 

Three copies of @pphcations, with the names 
of two referees, by January 31, 1964, to the Ad- 
munistrator, Department of Biochemistry, South 
Parks Road, Oxford, from whom further par- 
ticulars can be obtained 


EPSOM GROUP MANAGEMENT 
COM MITTEE 


Senior Biochemist required for the Department 
of Chemical Pathology in the Group Laboratory 
at Epsom District Hospital, duties principally m 
laboratory supervision with opportunities for con- 
ducting original work Whitley Council salary 
and conditions £1,520 to £1,880 per annum 

Appheations, stating age, quahfications and ex- 
penence, and giving names of two referees, to 
Group Secretary, Epsom ODistnct Hospital, 
Epsom, Surrey, as soon as possible 








SCOTTISH AND NEWCASTLE 
BREWERIES LIMITED 


Young honours (at least Class II) Graduate 
Chemist or Biochemist, or equivalent (male or 
female) required for interesting work in process 
investigation and research relating to brewing and 
malting ın laboratory at Edinburgh Sound ap- 
preciation of screnufic principles and good practi- 
cal work 1s essential Previous experience in 
brewing not necessary Salary according to age 
and qualifications Non-contributory Pension 
Scheme ın operation 

Applications to Group Chief Chemist, Scottish 
and Newcastle Breweries Limited, Abbey 
Brewery, Holyrood Road, Edinburgh, 8 


UNIVERSITY OF ABERDEEN 
CHAIR OF CHEMISTRY 

Applications are invited for a new Chair of 
Chemistry, within the existing department of 
Chemistry It the intention of the Umversity 
Court that the person appointed should have 
interests in Organic Chemistry 

Further particulars should be obtamed from 
the Secretary, the Umversity, Aberdeen, with 
whom applications (ten copres), including the 
names of three referees, should be lodged not 
later than December 31, 1963 





UNIVERSITY OF KHARTOUM 
FACULTY OF SCIENCE 
Applications are invited for a Senior Lecture- 
ship or Lectureship in Mathematics Salary 
scales Senior Lecturer, £S 2,052 by £S75 to 
£S 2 277 per annum, Lecturer, £S 1,227 by £8 75 
to £S 2,052 per annum Cost of hving allowance 
approximately £S 186 per annum, at present 
Outfit allowance £S 50 Family allowances 
Wife, £860 per annum, first child, £S 90 per 
annum, second and third child, £830 per 
annum, each (Sl<£1 0s 6d sterling) Pas- 
sages for appointee and family on appointment, 
termination and annual leave There ts a super- 
annuation scheme and arrangements can be made 
to maimtain FSSU_ policies Direct appoint- 
ment on contract normally for five years with 
possibilty of renewal (secondment welcomed if 
possible) Unfurnished accommodation provided 
at rent (excluding rates) up to 74+ per cent of 

salary 

Applications (ten copies), detailing qualifica- 
tions and expenence, and naming three referees 
by December 20, 1963, to Registrar, University 
of Khartoum, c/o Inter-University Council for 
Higher Education Overseas, 29 Woburn Square, 
London, WC i, from whom further particulars 
may be obtained 


UNIVERSITY OF KHARTOUM 
SENIOR LECTURESHIP OR LECTURESHIP 
IN AGRICULTURAL BOTANY 
Applications are invited for a Senior Lecture- 
ship or Lectureship in Agnecultural Botany 
Salary scales Semor Lecturers, £5 2,052 by £S 75 
to £S 2,277 per annum, Lecturer, £S 1227 by 
£575 to £82052 per annum Entry point ac- 
cording to qualifications and experience Cost 
of living allowance approximately £S 180 per 
annum, at present Outfit allowance £S 850 
Family allowances Wife, £860 per annum, 
first child, £S 90 per annum, second and third 
child, £830 per annum, each (ES l= 
£1 Os 6d sterling} Passages for appointee and 
family on appointment, termination and annual 
leave Superannuation scheme and arrangements 
can be made to maintain FSS U polictes§ Ap- 
pomtment on contract for five years with possi- 
bility of renewal (secondment welcomed if pos- 
sbio Unfurmshed accommodation provided at 
rent (excluding rates) up to 74 per cent of salary 
Applications (ten copies), detailing qualifica- 
tions and experence, and naming three reférees 
by December 20, 1963, to Registrar, University 
of Khartoum, c/o Inter-Umversitty Council for 
Higher Education Overseas, 29 Woburn Square, 
London, W C 1, from whom further particulars 

may be obtained 


UNIVERSITY OF KHARTOUM 
FACULTY OF SCIENCE 
Applications are Invited for a Sentor Lecture- 
ship or Lectureship m Physics Salary scales 
Senior Lecturer, £S 2,052 by £875 to £S 2,277 
per annum, Lecturer, £81,227 by £875 to 
£S 2,052 per annum Cost of Iming allowance 
approximately £S 180 per annum, at present 
Outfit allowance £S 50 Family allowances 
Wife, £560 per annum, first child, £S 90 per 
annum , second and third child, £S 30 per annum, 
each (£51=£1 Os 6d = sterling) Passages for 
appointee and family on appointment, termina- 
tion and annual leave There is a superannua~ 
tuon scheme and arrangements can be made to 
maintain FSS U policies Appointment on con- 
tract normally for five years with possibility of 
renewal (secondment welcomed if possible) Uan- 
furnished accommodation provided at rent {ex- 

cluding rates) up to 74 per cent of salary 

Applications (ten copies), detailing qualifica- 
tuons and experience, and naming three refereer 
by December 20, 1963, to Registrar, University 
of Khartoum, c/o Inter-University Council for 
Higher Education Overseas, 29 Woburn Square, 
London, WC1, from whom further particulars 
may be obtained 


McMASTER UNIVERSITY 
HAMILTON, ONTARIO 


Apphleations are imivited for appoimtments in 
the Department of Electrical Engineenng Can- 
didates should have an interest im one or more 
of the following Network Theory, Non-linear 
Circuits, Communications, Control Systems, 
Digital Systems A Doctorate m Electrical En- 
gineering 18 required and mdustrial research of 
development experience would be an advantage 
Duties imclude teaching at undergraduate and 
graduate levels, conducting research and super-~ 
yising graduate students Salary according to 
qualifications and experience, Floor Salares 
Assistant Professor $7,250, Assoclate Professor 
$9,250, Professor $12,500 Additional stipends 
for summer research work 

Applications and inquines should be addressed 
to the Chairman, Department of Electrical En 
gineering, McMaster University, Hamilton 
Ontarre 
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THE BRITISH COAL UTILISATION 
RESEARCH ASSOCIATION 
Randalls Road, Leatherhead, Surrey 


invites applications from 


(1) PHYSICISTS 


with high academic qualifications for appomtment as 


SUPERINTENDENT OF THE PHYSICS 
DEPARTMENT 


in à salary range up to £2,500 per annum or to £2,800 depending on 
experience 

Besides supervising the physics researches, the Superintendent assists 
the other Basic Research Departments and the Applied Research 
Departments in the use of physical techniques of measurement and 
the application of physical principles to their work ın combustion, 


gasification, heat transfer and the other aspects of coal utilisation 


research 
(2) PHYSICISTS AND 
MECHANICAL ENGINEERS 


with a good foundation in heat transfer and fluid mechanics and a 
thorough Knowledge of modern methods of measurement, to work 
in the Physics Department, or m research teams engaged on bench 
and pilot scale studies of advanced methods of burning and gasifying 
coal Starting salaries up to £1,000 per annum will be paid to recent 
graduates. Applicants with experience may start at a higher salary 
Able and keen men will be promoted rapidly to career grades, in 
which salaries can exceed £2,000 per annum. These applicants 
should be under 27 years of age, with First or Upper Second Class 
Honours Degrees 


The Association operates a contributory superannuation scheme 


Applicants for the above posts should write to the Assistant Secretary 
by January 8, 1964. 





AUSTRALIA 
COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


DIVISION OF FOOD PRESERVATION 


PLANT BiIOCHEMIST 
OR PHYSIOLOGIST 


Applications are invited for appointment to a position of Research Officer (Plant 
Biochemist or Physiologist) with the Organization's Division of Food Preservation 

The appointee will be located at the Plant Physiology Unn in the Department of 
Biological Sciences at the University of Sydney This Unit, operated jomtly by the 
Division and the University, conducts research in the phystology, biophysics, and the 
biochemistry of plant tissues Current research mterests of the Unit include the replica- 
tlon and growth of chloroplasts, photosynthesis, the mechanism of respiratory control, 
organic acid metabolism, and the electro-physiology of plant cel] membranes 

Applicants should possess a Ph D degree in biology or biochemistry or have had post- 
graduate research experience preferably in plant biochemistry or physiology, of equivalent 
standard and duration supported by satisfactory evidence of research abilny 

Salary Dependent upon qualifications and experience within the ranges 

£A1 674 to £A2,511 per annum (but not less than £A1,979 per annum) or 
£A2,655 to £A3,015 per annum 

Salary for a woman will be £AI88 per annum iess than corresponding rates for men 

Promotion within CSIRO ts by merit and may go beyond the upper Lumit of the 
scale within which the original appointment 1s made 

By mutual arrangement, the appomtment may be for an indefinite perioc or for an 
initial fixed term of three years 

Fares paid for the appointee and his dependent family and return fares to pomt of 
origin will be paid for an appotntee whe accepts appomtment for a fixed term Further 
particulars supplied on application to 
Mr P F Butler, Chief Scienific Liaison Officer, Australian Scientific Liaison Cffice, Africa 
House Kingsway, London, W C 2, 
ie eee (quoting Appointment No 300/377) should be addressed by Decem- 
er 28, 
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UNIVERSITY COLLEGE OF |; 


RHODESIA AND NYASALAND } 
MEDICAL SCHOOL 4 

SENIOR LECTURESHIPS OR LECTURESHIPS, 
IN ANATOMY (INCLUDING HISTOLOGY) | 
PHYSIOLOGY (INCLUDING BIOCHEMISTRY), 
Applications are invited for the above Lecture- 
ships in connection with the new Medical School? 
of the University College of Rhodesia and Nyasa-} 
land, The School provides courses leading to the 
M B, ChB degree of the University of Birming-| 
ham The first intake of students was in 1963 , 
Salary scales . Assistant Lecturer, £1,200 by £50: 
to £1,350 , Lecturer, Grade II, £1,450 by £70 wo, 
£1,800 , Lecturer, Grade I, £1880 by £80 toi 
£2,200 , Semor Lecturer, £2100 by £100 to: 


| 
nr 


“4 


t 


£2,600 Passages to Salisbury for appointee, wife, į . 


and dependent children on appointment, with 
allowance for transport of effects 
grant of £100 in addition for persons recruited 


from outside Africa Superannuation and medi- - ` 


cal ald schemes Unfurnished accommodation at’ 
rent of 15 per cent of salary Assistance given 
for triennial visits overseas 

Detarled applications (six copies), naming three 
referees, should be sent not later than January 15, 
1964, to the Assistant Registrar, The Medical. 
School, Birmingham 15, from whom further par- 
ticulars may be obtained 





UNIVERSITY OF KHARTOUM <: 


FACULTY OF PHARMACY 


Installation ¢ * 


t 


Applications are invited for a post of Senior \ : 


Lecturer or Lecturer in Pharmacology Salary 
scales 
£S 2,277 per annum, Lecturer, £S 1,227 by £8 75 
to £S 2,052 per annum Cost of living allowance 
approximately £5180 per annum, at present 
Outfit allowance £S 50 Family allowances 


Wife £860 per annum, first child, £890 per ~ 


annum, second and third child, £S 30 per annum, 
each (£S1=£1 Os 6d sterling) Passages for 


appointee and family on appointment, termina- ‘ 


tion and annual leave There is a superannua- 
tion scheme and arrangements can be made to 
mamtan FSSU policies Direct appointment 


on contract normally for five years with possi- , 


bility of renewal (secondment welcomed if pos- 
sible) Unfurnished accommodation provided at 
rent (excluding rates) up to 74 per cent of salary 

Applications (ten copes), detailing qualtfica- 
tlons and experience, and naming three referees 
by December 20, 1963, to Registrar, University 
of Khartoum, c/o Inter-University Council for 


Higher Education Overseas, 29 Woburn Square, ` 


London, WC1, from whom further particulars 
may be obtained 


UNIVERSITY OF KHARTOUM 
FACULTY OF SCIENCE 





\ 
Applications are invited for (1) Professor and ' 


di) Semor Lecturer or Lecturer in Botany 
Salary scales Professor, £S 2,760 per annum, 
Sentor Lecturer, £S 2,052 by £875 to £S 2,277 
per annum, Lecturer, £81,227 by £8575 to 


Senior Lecturer, £S 2,052 by £875 to , 


ri 


} 


i 
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£S 2,052 per annum Entry point according to , 


qualifications and experience 


Cost of hving , 


allowance approximately £S 180 per annum, at - 


present Outfit allowance £S 50 Family allow- 
ances Wife, £S 60 per annum, first child, £S 90 
per annum, second and third child, £830 per 
annum, each (£Si=£1 0s 6d sterling) Pas- 
sages for appomntee and family on appointment, 
termination and annual leave There 1s a super- 
annuation scheme and arrangements can be made 
to maintain FSSU pohcies Direct appoint- 
ment on contract normally for five years with 
possibility of renewal (secondment welcomed 1f 
possible) Unfurnished accommodation provided 
at rent (excluding rates) up to 7} per cent of 
salary 

Appheations (ten copies), detatlne qualfica- 
tions and experience, and naming three referees 
by December 20, 1963, to Registrar, University 
of Khartoum, c/o Inter-University Council for 
Higher Education Overseas, 29 Woburn Square, 
London, WC1, from whom further particulars 
may be obtained 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF VETERINARY 
PHYSIOLOGY 

Applications are mvited for the post of Blec- 
trome Specialst to establish and take charge of 
an electronic workshop from January 1, 1964 
Preference will be given to candidates holdimg 
Higher National Certificates The duties will 1m- 
clude the construction, modification, and mam- 
tenance of mgb quality electronic apparatus used 
im biological research Knowledge and experience 
of both valve and transistor methods will be 
required Salary in the range £765 to £900 per 
annum, with placement according to qualifica- 
tions and experience 

Applications, stating age, qualifications and ex- 
perience, should be sent to the Secretary to the 
University, University of Edinburgh, Old College, 
South Bridge, Edinburgh, as soon as possible 
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“A remarkable achievement in design, consultancy 
and co-ordination”. 


All over the world, Baird & Tatlock have designed and 
executed laboratory installations of every type and size. 
Their service includes expert advice at planning stage; 
design and manufacture of special units: and, for some 


projects, on-site supervision of installation. 
For the giant CIBA Research Centre at Goregaon, | | | | | | | | | | | 
India, BTL were called in to furnish the entire 80 

(pees 


laboratories - totalling 36,000 sq. ft. of floor space! 
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Some of the laboratories furnished include: 


Textile Preparation & Dyestuffs Laboratories Analytical laboratories - Balance Room 
Polarimeter labs - Optical Methods labs - Electronic Workshop - Precision Machine shop « Apparatus Room 
Pharmaceutical Laboratories General Laboratories - Distillation & Extraction labs - Tracer labs 
Paper Chromatography labs - Pharmacological labs - Parasitology labs - Bacteriology labs - Hydro- 
genation laboratory. 

The installation included 2950 ft. of benching | very close liaison with CIBA and their architects 
and 34 specially designed fume-cupboards with | -the internationally known firm of Suter & Suter. 
balanced draught systems. Pre-serviced racks 

were shipped from England ready forinstallation Wherever you are extending existing facilities, 
and the manufacture of all timber work in India | or planning a complete new laboratory —call in 
was closely supervised by BTL’s design consul- | the BTL Furnishings Division! This is the first 
tants, who, at all stages of the project worked in | step towards the speedy and successful comple- 

tion of your laboratory project. 
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BAIRD & TATLOCK (LONDON) LTD. 
Laboratory Furnishings Division 
FRESHWATER ROAD, CHADWELL HEATH, ESSEX 





complete laboratory service 


TAS/BT.124 
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@ Ideal for educational purposes. 
@ Suitable for routine analyses. 
@ Simple controls—battery operation. 


@ Retention times and volumes for individual organic 
solvents. 

@ Effects of varying the katharometer bridge current. 

@ Effects of varying the carrier gas flow rate. 

@ Effects of varying column length. 

@ Simple solvent and vapour mixtures. 

@ Comparison between peak height and peak area 
methods. 

@ Effects of change composition of the column 
packing. 

Price (without galvanometer or recorder) £45 


Ask for details quoting list No. CL-910 


LONDON 
Technico House, Christopher St., London, E.C.2. 
Tel.: BISHOPSGATE 3211. 
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Printed in Great Britain by FISHER, KNIGHT & CO., LTD., The Gainsborough Press, St. Albans, and published by MACMILLAN & CO.. LIMITED, at 


AS CHROMATOGRAPH 


November 30, 1963 


è For use with galvanometer or recorder. 
è Open layout—full view window. 
è For liquids with boiling points up to 80°C. 


The ‘Gallenkamp’ Junior Gas Chromatogfaph is intended 
for use in universities and technical colleges where the 
teaching of basic concepts of gas chromatography is an 
important introduction to the subject. It may be used 
both for demonstrations or individual experiments and 
enables the student to carry out analyses of unknown: 
mixtures and to investigate the effects of varying the 
operation parameters. By careful design, the response is 
practically linear, undesirable characteristics such as 
tailing of peaks and zero drift have been minimised, and 
the apparatus is thus also suitable for simple applications 
in fields other than teaching. 


WIDNES : 
Victoria House, Widnes, Lancs. Tel.: WIDNES 2040. 


STOCKTON-ON-TEES : 
Portrack Lane, Stockton. Tel. : STOCKTON 63441. 


St. Martin’s Street, London, W.C.2, and ST. MARTIN'S Press, INC., 175 Fifth Avenue, New York 10, N.Y., U.S.A.—Saturday, November 30, 1963. 
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HEATHWAY 


for Glass Working Lathes 
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\ Our latest Universal lathe with power- 
assisted lift into the vertical position. 

The illustration also shows our carbon paddle 
tooling arrangement fitted to the lathe. 


All the HEATHWAY range of lathes have the following features : 
| % Robust construction and lasting accuracy 
% Efficient variable speed and easily accessible controls 
% Smooth traverses essential to good glassworking 


May we send you detcils of our range of lathes and equipment. 


Write or phone: 
The HEATHWAY MACHINERY CO., UXBRIDGE ROAD, HILLINGDON, MIDDX. 


TEL : UXB 36345/6 

Or contact one of our Overseas Agents : 
Canada: L. J. Bardwell—Toronto. France: Ets. L. Richoux—Paris. Holland and Belgium: A. Bruyaux 
—Amsterdam. Italy : Richoux—Milan. Scandinavia : Kebo—Stockholm. U.S.A. : Bethlehem—Hellertown 


PA. Switzerland and Germany : Ernst Keller—Basle. 
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OIL MIST FILTERS 


For pt et oil mist from the ex- 
haust of oil-sealed rotary pumps. 
Cleaner air, quieter running, mini- 
mum maintenance, oil economy. 
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INLET DUST FILTERS 


Stop dust down to 15 microns. 
Pump life increased. Adaptable to 
wide range of rotary pumps. Easily 


cleaned. 


Ask for Publication No. 04601 





ICN MIMICS EFFECTS OF THYROXINE ON 
ISOLATED LIVER MITOCHONDRIA 


Cyanogen lodide (ICN) has been found to mimic in 
most respects Thyroxine’s effects on isolated liver 
mitochondria (*). It is stable in water and serves as 
a donor of t+. 

ICN behaves like Thyroxine in these respects: 

1. A quantity as small as 10-6M produces substantial 
water uptake and swelling in rat liver mitochondria. As 
with Thyroxine, ICN-produced swelling is inhibited by 
serum albumin and strong sucrose (0.75M). 


2. Antimycin A, Amytal and Cyanide also inhibit ICN- 
produced swelling. Thyroxine has been reported to dis- 
play similar properties. (2-3). 

3. EDTA is effective against ICN produced swelling. It 
is also effective against thyroxine (4). 


4. ATP causes rapid shrinking of ICN-swollen mito- 
chondria. It behaves exactly the same with Thyroxine- 
caused swelling. (5). 


25-gram bottle, $1.50 gm. 5-gram bottle, $1.90 gm. 
1-gram bottle, $2.25 gm. 


t? J. E Rall, J. Roche. A Michel, O. Michel, 5. Varonne, Biochem, 
Biophys. Acta. 62, 622. (1967). 0) A. L. Lebeinger, D. L. Bay, 
M. Getneider. 1. Greephys Biochem. Cytol $, 97, (1999). OA L 
Lehomger, B. L. Ray. Biochem. Biophys. Acta. 26, 643, (1957). 
14) D. F. Tapley. J Diol. Crem. 222, 325, (1956), 0) A L. Lehninger, 
ford. 234, 2187, (1959). 





UNIQUE HYPOGLYCEMIC AGENT FOUND 
FOUR TIMES AS POTENT AS TOLBUTAMIDE 


4 Dimethyl Amino-N-Methyl 2, 2 Dipheny! Valeramide 
HC! was recently reported to be four times as potent 
as tolbutamide in lowering blood sugars. 


it appears to act through a different mechanism than 
hypoglycemic agents which increase the oxidation of 
glucose. 


Dulin, et. al. conclude that 4 D.M.D.V, appears to act by 
inhibiting liver glucose output —not by glucose oxidation 
or inhibition of metabolic effect of adrenal hormones. (!) 
10-gram bottle, $4.50 gm. 5-gram bottle, $4.90 gm. 


) W., E Dulin, F. L. Schmidt, M. C, Blanks. G. H. Luns, Proc. Soc. 
Expt, Biol. Med. 109, 729, (1962). 

All chemicals described sre for chemical and investigational use 
only. They are not offered tor clinica! or drug use, The Htersture 
teferente should not be interpreted as either an endorsement or 
disapproval of the biochemical by the cited investigator. 


SEND FOR OUR LATEST CATALOG ... 








For an even longer, quieter life 
from your “Speedivac” vacuum pumps- 


NEW “SPEEDIVAG’ FILTER RANGE - 





OIL RECIRCULATING FILTERS 


Separate oil mist from the pumped 
gases on clean systems, and return 
to pump. Exhaust noise reduced. 
Continuous running possible. Pump 
life prolonged. 

GD 609 








PHONE COLLECT. 216-662-0212 
NUTRITIONAL BIOCHEMICALS CORP. 
GUARANTEES SHIPMENT ON 

ANY OF OUR MORE THAN 

3,000 RESEARCH BIOCHEMICALS 
WITHIN 60 MINUTES OF 

YOUR CALL. ONE DAY DELIVERY 
ANYWHERE IN CONTINENTAL U.S.A. 


NUTRITIONAL 
BIOCHEMICALS 
CORPORATION 


* 21010 Miles Avenue + Cleveland 28, Ohio 


Send for our free November 1963 catalog 
containing more than 3000 items. Fill our 
coupon and mail today for your copy. 
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SP.600 with AUTOCELL 


MICROCELL ACCESSORY AND TEST TUBE HOLDER | 





SAAV 


SP.680 MICROCELL ACCESSORY 





The Unicam SP.600 Visible Spectrophotometer is now 
available with the SP.625 Autocell Accessory; a unit 
which greatly reduces sample handling time. Also avail- 
able is the SP.649 Power Supply Unit. This replaces the 
dry batteries normally supplied and provides an all- 
mains operation. 


These latest developments, together with the SP.680 
Microcell Accessory and the SP.630 Test Tube Holder, 


< make the SP.600 Spectrophotometer the most versatile 
‘instrument for all absorption measurements in the 
region 360-1000 mu. 





: The Autocell, Microcell and Test Tube Accessories 


are easily interchangeable and each is designed to fit 
into the cell well of the main instrument—no special 
fitting arrangements are necessary. 


SP.625 Autocell 
The new Unicam Autocell provides a completely auto- 


matic means of filling and emptying the special sample 
cell. One control is provided (see illustration above) and 


UNICAM INSTRUMENTS LIMITED 
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SP.639 TEST TUBE ACCESSORY 


the operator can fill and empty the sample cell without 
any risk of cell breakage, sample spillage or contamina- 


tion, This speeds analysis and greatly improves accuracy . 


and reliability. The minimum sample volume required is 
5 ml. Tests have shown that less than 1. per cent of 
Sampie volume remains after emptying. The sample 
comes into contact only with fine bore polythene or 
Stainless steel tubing. 


SP.649 Power Supply Unit 


The Power Supply Unit has been designed to replace 
both H.T. dry batteries and can be easily fitted to every 
SP,600, It will appeal to those who require the extra 
convenience and reliability of an all-mains operated 


instrument. The unit consumes less than 5 watts and — 


its output is unaffected by mains voltage fluctuations of 
-124 percent. ` 


Full information on the SP.600 and its accessories will 
gladly be sent on request. 


- YORK STREET . 
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GRIFFIN 


and 
STATISTICAL BOOKS 


—a well-known combination 
We also, however, publish 
books by leading authors 
in many other subjects :— 


THE PLASTICITY OF METALS 


Prof. Max Kurrein in press 75s. net 


The main purpose of this work ts to investigate the relationship 
between the plastic deformation of metals and their macro-and 
microstructures, and hence to establish principles of working 
for the engineer devising toolsand planning stages of fabrication 
The book willalso interest the metallurgist and physical scien- 
tist, being a unique record of a lifetime’s planned research 
357 illustrations, over half being photomicrographs 


METAL SPRAYING AND THE FLAME 
DEPOSITION OF CERAMICS 
AND PLASTICS 
W. E. Ballard July 1963 96s. net 


The new edition has been thoroughly revised to cover the 
recent major developments made in thts rapidly expanding 
process. Engineers wil! be interested tn the section giving 
comparisons between metal spraying and other forms of pro- 
tection Fully up co date, fully illustrated 


UNIQUE PRODUCT 
Sperm Whale 


MYOGLOBIN 


A crystalline intracellular haem protein 
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A BLUEPRINT FOR HIGHER EDUCATION 


HE Report of the Commuttee on Higher Education, 

appomted with Lord Robbins as chairman in February 
1961, 1s both a major educational document m rtself and 
also something of a social landmark* The terms of 
reference of the Committee were to review the pattern of 
full-time higher education m Great Britaim and, m the 
hght of national needs and resources, to advise on what 
principles the long-term development of higher education 
should be based, includmg whether any changes in that 
pattern or any new types of institution were desirable, 
and whether any modifications should be made m the 
present arrangements for planning and co-ordinating the 
development of the various types of mstitution It brings 
to an end a period of uncertamty and delay, removing 
the last excuses for piocrastination and setting the full 
weight of searching enquiry behind its recommendation 
that Britain should and can plan to admit 17 per cent of 
the age-group to higher education in placo of the present 
15 per cent, of whom some 8 5 per cent are full-time It 
disposes authoritatively of the idea of there bemg any 
risk within the next twenty years that the growth in the 
proportion of young people with qualifications and 
aptitudes suitable for entry to higher education will be 
restramed by a shortage of potential ability Fears that 
expansion will lead to a lowermg of the average abilty 
of students ın higher education have proved unfounded 

Nor 1s this inconsistent with the view widely enter- 
tamed that there are already, m any event, some students 
at the universities ul-quahfied by aptitude or character 
to profit by a university education This may be due ın 
part to the differentiation between institutions which 
the Robbins Commuttee deplores distinctions based on 
adventitious grounds, whether historical or social, are, it 
observes, wholly aklen to the spirit that should pervade 
higher education The Committee wishes to see the 
removal of any designations or limitations that cause 
differentiation between imstitutions performing simuar 
functions, while fully recognizmg the need for a variety 
of institutions with differmg functions Student wastage 
and mcompatibility can, however, equally be due to 
imperfections m the selection process, and 1t should be 
noted that the Commuttee specifically recommends research 
by an independent body into the extent to which aptitude 
tests might supplement other features of the selection 
process. 

The Commuttee’s proposals for the expansion of higher 
education from 216,000 full-trme places in 1962-63 to 
about 390,000 m 1973-74 and some 560,000 (on piesent 
estimates) ın 1980-81, of whom 350,000 will be m univer- 
sity mnstitutions, are not based on narrow calculations of 
the demand for manpower They are ‘based on the 
conviction that there 1s a broad connexion between tho 
size of the stock of tramed manpower in a community 
and 1ts level of productivity per head In modern societies 
the skills and versatilities 1equired are increasingly those 
conferred by higher education, but while the Report 
takes it as axiomatic that courses of higher education 

+ Committee on Higher Education Higher Education Report of the 
Committee appointed by the Prime Minister under the Chairmanship of 
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should be available for all those who ae qualified by 
ability and attamment to pursue them and who wish 
to do so, ıt lends no support to the idea of a ‘right’ to 
higher education It pomts out unequivocally that all 
those engaged m higher education, both teachers and 
taught, are privileged persons and the freedom they 
enjoy cares great responsibility. Public opmion will not 
support the cost of higher education unless teachers are 
actuated by a high sense of professional obligation and 
students are actuated by a corresponding sense of the 
obligation to work 

In advocating & programme of expansion which is 
estimated to cost £742 mullon in 1980-81 ın place of 
£206 milhon m 1962-63, that was wisely and timely put 
No less cognate, however, 1s the msistence of the Com- 
mittee that higher education not only requires expansion 
but ıb also requires a system—a feature that has hitherto 
been lacking To secure the smooth functionmg of the 
proposed system, however, the Report also proposes some 
changes in the administrative arrangements, including 
ministerial responsibility It ıs on this last pomt that 
there 18 one dissentient from the measures proposed to 
secure the necessary co-ordmation Mr H C Shearman, 
who would have a single Minister for Education rather 
than a Minister of Arts and Science, responsible for 
the University Grants Commuttee, the Research Councils 
and like institutions, with other imstitutions of higher 
education under the Ministe: of Education or, in Scotland, 
the Secretary of State, as proposed by his colleagues 

These and the rest of the Commiuttee’s 178 recom- 
mendations, however, should be considered first in the 
hght of the aims of higher education set forth alongside 
the principles which guided the Commuttee in framing its 
recommendations as well as conducting its enquiries, 
which are set forth m the second chapter of the Report 
First, then, while assuming that needs of the present and 
still more of the future demand that there should be a 
system of higher education, replacmg the largely unco- 
ordinated activities and mrtiative of the past, the Robbins 
Committee does not suggest that all the activities con- 
cerned should be planned and controlled It attaches 
gieat value to the freedom of individuals and institutions 
in any academic system, and the chapter on academic 
freedom and rts scope 1s forthright and unequivocal the 
principle of the University Grants Committee is not 
merely endorsed, but regarded as an essential ingredient 
in any administrative structme for higher education 
The Commuttee considers that central decisions should 
be coherent and take account of the interests of all sectors 
of higher education, and that decentralized mutiative 
should be mspired by common principles 

Next, in any properly balanced system at least four 
essential objectives are visuahzed Instruction ım skulls 
suitable to play a part ın the general division of labour 1s 
put first, because this vocational aspect ıs sometimes 
ignored or undervalued, and Britam’s progress depends 
to a much gieater extent on skills demanding special 
training With this the Robbms Committee postulates 
that what 1s taught should be so taught as to promote the 
general powers of the mmd The aim should be to produce 
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not more specialists, but cultivated men and women 
Nor can higher education be dissociated from the advance- 
ment of learnmg The search for truth is an essential 
function. of institutions of mgher education, and the po- 
cess of education, the Committee adds, 1s itself most vital 
when ıt partakes of the nature of discovery 

Elsewhere ın the Report, the Committee discusses some 
of the controversial issues concerning the balance between 
teaching and research and the distribution of research 
between the institutions of higher education and other 
bodies The answers given to those questions have a close 
bearmg on the actual stiuctwe of Government organize- 
tion and Mhmistenial 1esponsibilhty Fouth among 
rts aims, however, the Committee places the transmission 
of a common cultwe and of common standards of citizen- 
ship It beheves that ıt 18 a proper function of nghe: 
education to provide in, partnership with the family that 
background of culture and social habit on which a healthy 
society depends 

Coming now to the guiding principles of the Report, 
that of availabilty of courses to all who are qualified and 
wish to pursue them has already been noted Next, the 
Committee places the pimeiple of equal academic awards 
for equal performance, iejecting the retention of formal 
differences m terminology that do not reflect real differ- 
ences in attainment On the status of institutions, it 
insists that distmetion should be based on difference in 
functions and m emphasis or acknowledged excellence 
there should be no freezing of institutions into established 
hierarchies, but excellence should be recognized and 
encouraged wherever it exists and whenever it appears 
Great importance 1s attached to opportunities for the 
transfer of a student from one institution to another when 
appropriate, and the organization of higher education 
must allow opportunity for free development of institu- 
tions, for experiment, for the safeguarding of standards 
and the production of as much high excellence as possible 

While the Robbins Committee was concerned primarily 
with the long-term development of higher education, it 
recognized that during the years 1965-68 Britain would be 
faced with an emergency arising out of the very large 
numbers of boys and girls born just after the Second 
World War who will then reach the age of higher educa- 
tion Tf this situation is not met adequately the long- 
term plans may well be frustrated The present plans for 
the universities are designed to allow for 150,000 places 
by 1966-67 and 170,000 in 1973-74 For the colleges of 
advanced technology, 15,000 places are planned in 
1966-67, rising to 21,000 by a date dependmg on capital 
investment after 1963-64, and for traming colleges ın 
England and Wales authorized plans allow for 80,000 
students in general and specialist colleges ın 1970-71 It 
1s now apparent that ın 1966-67 there will be a shortage 
of 19,000 places m universities and 25,000 m 1967-68, 
for higher education as a whole the total shortage 1s 
estimated as 20,000 and 25,000, respectively 

To meet this shortage, the Kobbins Committee con- 
siders that the present target figure of 168,000 places for 
the universities, including the colleges of advanced tech- 
nology, in 1966-67 must be increased by some 10 per 
cent It recommends to this ond a substantial merease 
in the existing capital bulding programmes of the 
universities for 1964 and succeeding years More accom- 
modation, for teachmg and especially for residence, 18 & 
prime essential, and the Committee msists on the need 
for firm assurances to the universities that sufficient funds 
will be avaiable forthwith both to meet the short-term 
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problem and for the long-term developments which the 
Committee recommends, if confidence ın the Government 
1s to be restored It recognizes, too, that there will be 
difficulty in findmg sufficient qualified teachers to meet 
all the needs of the emergency penod, and whatever 
means of improvisation are adopted, including the pro- 
vision of more technical and secretarial assistance, the 
extra burden on teachers 1s hkely to be considerable 

Tt 1s all the more important, accordingly, that ıt should 
be clearly wndorstood that any mroads on present stan- 
dards are transitory and will be redressed as soon as 
possible and that adequate recurent grants are available 
for all the necessary measures It ıs not the least mert 
of the Robbins Commiuttee that ıt faces the full mmplhea- 
tions of 1ts proposals generally or that ıt leaves no doubt 
as to the deplorable effect of Government vacillation 
and changes mm university pohcy in the past Further 
while ıt does not go mto details of possible methods of 
improvisation for this emergency period, it does pomt 
out that some of the changes im organization recom- 
mended as part of its long-term proposals could assist ın 
meeting the ummediate need This is a further and 
weighty reason for an early decision on somo of the 
Commuttee’s recommendations in regard to admmustration 
and also on the importance of speedy action on some of 
the less controversial measures proposed 

Further thought may well be desirable as to whether a 
Minister of Arts and Science should be appoimted as 
co-ordmatmg Miuister rather than one of the other 
alternatives However, there would seem to be no reason 
why mter-mimstenal and inter-departmental consulta- 
tions to concert measures to meet the crisis should not be 
put in hand foithwith, or the Ministries concerned, the 
Umversity Grants Committee, the Committee of Vice- 
Chancellors and Principals and representatives of other 
relevant associations brought together for appropriate 
consultation on the proposals of the Report Nor does 
there seem to be any prima facie reason for delay m 
establishing and bringing into action the Consultative 
Council, consisting of representatives of educational and 
other mterests, the creation of which 1s recommended by 
the Committee to consider major questions covering the 
whole field of higher education as well as its relations 
with the schools The Statement issued from 10 Downing 
Street, on October 24, indicates mdeed that the Govern- 
ment appreciates the urgency of the situation, but 1t gives 
no hint of an early decision on changes m organization, 
although these will not be allowed to delay the work on 
expansion which 1s now bemg carried out 

The hard coro of the Committee’s proposals for long- 
term expansion of higher education 1s to be found in the 
chapter entitled “The Future Pattern of Higher Educa- 
tion” It is visualized that by 1980-81 some 346,000 
places will be provided in universities when some 60 per 
cent of students enter full-time higher education and go 
to a university instead of the present 55 per cent This 
will mvolve expansion of many of the multi-faculty univot1- 
sities to accommodate 8,000-10,000 students, but evon 
so there will be a need for some 50,000 places over and 
above what could be provided from existing institutions 
A further 30,000 places will be provided by the foundation 
of six new universities in addition to those now im forma- 
tion, one or perhaps two of which would be m Scotland 
and one a Special Institution for Scientific and Techno- 
logical Education and Research, development of which 
the Committee recommends as a matter of special urgency 
The remammng 20,000 places could be met by giving 
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university status to some of the regional colleges, central 
institutions and colleges of technology 

The colleges of advanced technology, which elsewhere 
m the Report ıt 1s recommended should become techno- 
logical universities with full university status, are mcluded 
in the calculation of the expansion of existing universities, 
and it should be noted, that, besides the special institution 
already mentioned, the Committee recommends develop- 
ment of a sumilar institution fiom a selected college of 
advanced technology Institutions hke the Imperial Col- 
lege of Science and Technology, the Manchester College of 
Science and Technology and the new University of 
Strathclyde, will have strong postgraduate elements, and 
together these five technological mstitutions should fill 
a gap that has been most noticeable in Britain and 
facilhtate the major effort to expand technological research 
which is also recommended in the Report As regards 
the colleges of education, while the Committee proposes 
that the numbers ente1ig some colleges ın England and 
Wales should rise to 40,000 by 1974, 1t does not propose 
a rise in entry afte: that date the colleges will then be 
supplying 111,000 students, rising to 131,000 ın the middle 
and later years of the decade For colleges of education 
in Scotland the Committee proposes expansion to 15,000 
students by 1980-81, and the numbers of places ın colleges 
of further education 1s assumed to rise from its present 
31,000 to some 65,000 

The question of places ıs, of comse, only one aspect, 
and the Robbms Commuttee then considers the location 
of universities, the areas of study, professional education 
and the education of adults generally It urges the claims 
of the large cities and centres of population m determmmg 
the location of the new universities, and envisages that 
the present 51 pe: cent of students taking science and 
technology will increase further, though ıt would view 
with some concein any continuing reduction im the pro- 
portion of students taking arts subjects A growing 
proportion of such students has been taking social 
studies, and any decline or weakening m the study of the 
humanities would impoverish Britain’s intellectual and 
spiritual life The implications of a more timate contact 
between professional bodies and institutions of higher 
education are perhaps passed over too lightly, probably 
because the Commuttee’s terms of reference relate to 
full-tame higher education However, ıt 1s fully aware of 
the importance of the activities of the extra-mural 
departments of the universities, of the Workers’ Educa- 
tion Association and local education authorities m adult 
education and that ıt 1s desirable that the universities 
should co-operate m developments opened up by the 
television services and othe: media of communication 

Of vital 1mportance in expansion 1s the quality of the 
staff, and the Report examines ın some detail the problems 
which staffing the new and expanded institutions will 
present It deprecates any attempt to draw a sharp line 
between university teacheis and the teachers in other 
institutions of higher education while research 1s a 
primary function of universities, this does not mean that 
it 1s only in universities that fiesh work 1s needed and 
original work ws done On the contrary, both in further 
education and the colleges of education, the Commuttee 
expects the student/staff ratio to recognize that teachers 
need time for reflexion and personal study Moreover, 
the Robbms Commuttee 1s concerned about the deteriora- 
tion in the qualifications of graduates teachmg in the 
upper forms of schools This itself can affect higher 
education adversely, but the deterioration can only be 
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halted 1f the proportion of good honours graduates who 
become school teachers 1s, m the long term, higher than 
at present 

Nevertheless, while the Committee anticipates m higher 
education ın the immediate future a serious aggravation 
of the strains and stresses of the past two decades, 1t does 
not consider that the expansion of higher education of 
itself need cause a deterioration in the staffing of schools 
It emphasizes rather that higher education itself can only 
attract 1ecruits of the necessary quality if ıt offers appro- 
priate conditions of service and economic mducements 
In this connexion the Committee directs attention to the 
importance of adequate prospects of promotion, recom- 
mending a review of the stiucture of university staffing 
as a whole, and of freer movement of staff between higher 
education, Government and other 1esearch establishments 
and mdustry, and to the serious danger of a shortage of 
technicians, 1f not of secretaiial assistance On teaching 
and research, pertinent observations are made m the 
Report Apart from recommending a major effort to 
encourage an increase in technological as well as scientific 
research (ancluding an increase fiom, 20 to 30 per cent by 
1980 of the proportion of graduates proceeding to post- 
graduate work) and closer lnks between university 
institutions and Government research estabhshments and 
industiy, ıt considers that ın makıng appomtments and 
In promotions, the diversity of gifts is not sufficiently 
honoured and published work counts far too much m 
comparison with other kinds of excellence The Com- 
mittee recommends specifically the abolition of distinctions 
in salary scale between reader and semor lecturor and 
that m promotions to the latter grade particular attention 
should be paid to distmetion as a teacher The full weight 
of the Commuttee’s authority 1s put behind further atten- 
tion to teaching methods and to curriculum research and 
development ın the schools as well as m. mstitutions of 
higher education The need for further educational 
research in the universities and into the many aspects of 
higher education 1s clearly recognized without any specific 
comment on the proposal for an educational research 
council 

It will be clear that in recommending that the colleges 
of advanced technology should m general be designated 
as technological universities, with power to award both 
fist and higher degrees, and that responsibility for then 
finance should be transferred to the University Grants 
Committee, the Robbins Commuttee concedes most of then 
claims and what was generally recognized as i1easonable 
by most people Friction 1s more likely over the proposal 
to rename the teachers’ tiammg colleges of education, 
more particularly ın ther relations with the university 
departments, and there are numerous points of adminis- 
trative detail to be determined even when the formal 
organization recommended by the Commuttee has been 
established This m itself, as already mduicated, is a matter 
of some complexity on which the Committee was divided 
and will be discussed more fully late: m the hight of the 
recommendations of the Trend Committee It should 
suffice here to indicate the broad outhne of the arrange- 
ments pioposed up to the level of a Minister for Arts and 
Science, to whom the University Grants Committee and 
the Research Councils should be responsible 

It is visualized that governing bodies for autonomous 
institutes, which normally contain a majority of lay 
members, and for mstitutions of ngher learnmg, which 
are administered by local authorities, should be properly 
constituted with suitable academic representation and lay 
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membership According to the Report, the Committee of 
Vice-Chancellors and Principals should be reconstituted, 
each university bemg represented on the Committee by 
its chief admimustrator and by a member of the academic 
staff elected by the senate and this Committee should 
appoint a standing commuttee of 15-20 members, and 
standing or ad hoc committees as required Likewise, the 
University Grants Commuttee should be responsible for 
advising the Government on the needs of all autonomous 
institutions of higher learnmg in Great Bmtam and for 
distributing grants and should set up standing committees 
to deal with areas of mterest and ad hoc committees to 
deal with current topics The present practice in regard 
to accountability should be mamtaimed, but improvements 
are needed in the present system for allocating recurrent 
grants, and an mdependent body should be set up to 
advise the Government on salaries of academic staff m 
autonomous institutions of higher learnmg 

Leaving this matter of ministerial responsibihty and 
that of administration generally with the observation that 
the Robbins Committee 1s as aware of the importance of 
reducing the burden on Vice-Chancellors as ıb 1s of that of 
associating non-professional staff with internal self-govern- 
ment and particularly of keeping staff at all levels mformed 
of the reasons for policy decisions, there are two related 
matters which call for note Inke Sir Burke Trend and 
his colleagues* the Robbins Committee is concerned 
that the finance of universities and university research 
should come from more than one public source and this 
is one of the main reasons why 1b recommends an upward 
revision of university fees so that they provide at least 
20 per cent of current expenditure in place of the present 
11 per cent, The effect on pubhe expenditure would be 
mainly a change in the channels of distribution, but there 
would be another important consequence the subsidy to 
overseas students could be handled on more 1ational lines 

Unhke Sir Burke Trend and his colleagues, the Robbins 
Committee shows itself well aware of the vital importance 
of the situation overseas and its bearmg on Britain’s 
future It found no firm basis for estimatmg the future 
demand for places for overseas students but was con- 
vinced that even m the short-term emergency Britam 
must continue to find places for such students The Com- 
muittee’s long-term forecast assumes that the present pro- 
portion of places will continue with an merease in numbers 
from about 20,000 in 1962-63 to about 50,000 m 1980-81 
It is pomted out, however, that with fees at ther present 


* Committee of Enqury nto the Organization of Cival Scrence 
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level and under present conditions this represents a sub- 
stantial subsidy over which the nation has no contiol 
and for which ıb receives no credit By caleulatmg the 
fees for overseas students on a uniform basis which does 
not vary from one institution to another, but is no higher 
than for other students and creatmg at the same time, 
as part of Britam’s contribution to educational assistance 
overseas, & fund for helpmg any students requiring such 
assistance, & more rational procedure would be estab- 
hshed and one which would also make clear the full 
magnitude of the British contribution 

While the Government accepts that changes m organ- 
ization will be necessary and has undertaken to make a 
full review of higher education and student finance m the 
light of the considerations put forward m the Report, 1ts 
attitude on this and many other particula. points 18 not 
defined in the Statement which has already been issued 
That Statement indicates that the Government has 
accepted the basic assumption of the Report that courses 
of higher education should be available for all those who 
are qualified and wish to pursue them and that ıt has 
adopted the Commuttee’s calculations for 1967-68 and 
1973-74 as its objective Recwrent and caprtal grants 
for univeisity institutions concerned are bemg adjusted 
to this new objective of 197,000 full-time students ın 
university mstitutions m 1967-68 and 328,000 in all 
Ingher education, the University Grants Committee and 
the education departments are being asked to discuss the 
best methods for securmg this expansion ‘This expansion, 
moreover, 18 to be the first step in formulating a ten-year 
programme to give 390,000 places in full-teme higher 
education by 1973-74, 217,000 will be ın mstitutions of 
university status The preliminary action to confor 
university status on the colleges of advanced technology 
and certam Scottish institutions 1s also bemg taken, the 
University Grants Committee 1s bemg asked for early 
reports on the location of a new university m Scotland 
and on the further development of the special mstitutions 
for scientific and technological education and reseaich 
recommended in the Report This all adds up to a pio- 
gramme with which considerable and valuable progress 
could be made while clear decisions are bemg reached on 
difficult problems of orgamzation None the less, the 
value of such work and the sincerity of the Government’s 
intentions will only be attested by the swiftness with 
which those decisions are reached and the firmness with 
which its financial and other support 1s mamtained 
mdependent of fluctuating circumstances, whether econ- 
omic or political 
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SEEKING AND SHAPING 
By Sir ROBERT WATSON-WATT, C.B, F.R.S 


HE disimguished author of the remarkable and 

important volume, Forschen und Gestalten Reden und 
Aufsatize, 19380-1962 *, 18 almost as well known in London 
as in Dusseldorf, Bonn and Berlin As Staats Sekietar of 
Land Nordrhein Westfalen, he has been responsible for 
a major portion of the renaissance of the most concen- 
trated ard most important mdustrial area in Germany, 
the land between the Rhme and the Ruhr In another 
field, im which I first met him in the mid-twenties, he 


> Forschen und Gestalten Reden und Aufsdtze, 1930-1962 Von Leo 
Brandt Pp xu+669 (Koln und Opladen, Westdeutscher Verlag, 1962 ) 


was an energetic pioneer of ‘the electronic age’ In this 
field, too, he has led, ın co-operation with the late General 
Wolfgang Martini, the vigorous Ausschuss fur Funkortung 
(now the Deutsche Gesellschaft fur Ortung und Naviga- 
tion, E V ), in international conferences on rad1o-alds to 
travel by air, sea and land 

Brandt’s weighty volume earns the adjective ‘formid- 
able’ in the abstract and the concrete alike Its two-thirds 
of a thousand pages and some three-pounds weight are 
autobiographic m a very special sense, which may fairly 
be described as ‘autobiography by exhibited sample’ It 
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prosents the text of discourses beaimg on his major 
activities from 1930, when he was president of the German 
Republican Students’ Union, to January 1962, when he 
presided ove: the Section of Culture and Science in the 
Assembly of the Atlantic Community m Pars It 1s 
thus, by umplication, a sampling ieview and self-analysis 
of his personal contributions to the technological progress, 
im peace and in war, of his native land The range of 
specialized activities represented m this collection of 
writings and addresses 1s covered in four sections, dealing 
1espectively with radio and radar techniques (120 pp, 
1953-62), transport policy and techniques (273 pp, 
1949-59), rationalization (63 pp , 1952—56), research and 
science (175 pp , 1953-62) 

These main sections are supplemented by two fragments 
of technical history, each of 9 pp, fiom “The General 
Weekly of the Jews in Germany”, 1960, by a postserpt 
of 13 pp , and an mdex of more than 250 personal names 
appearing in the text 

Surviving workers from the ’twenties and ‘thu ties will 
in turn, become nostalgically biogiaphic as they read 
Leo Biandt’s account, written m 1934, of his screened 
cage and its measurmg equipment for investigation of 
radio-receiver performance A much wider population 
of initaators, designers, producers, users and victims will 
find his summary of “German Radio Technique, 1934’ 
absorbing, and (m widely different degrees) satisfying 
surprising and/or Wlummating 

As Entwicklungsgruppenleiter fur Funkmessgerate 
des Generalbevollmachtigen fur die technischen Nachrich- 
tenmuittel, and as Vorsitzender der Arbeitsgemeinschaft 
‘“Rotterdam’’—this for the post-Buitish mtroduction of 
centimetric wave-length equipment—he gives m 21 pp 
a compact account of the technical effort ın Germany 
which was directed mainly to 9-cm and 3-cm wave-lengths 

This 1eview 1s followed by a brief account, dated 1949 
of the development in the preceding 15 years of commercial 
radio receivers, by a 28-pp retrospective review of German 
radar technique, a 34-pp survey of the state of German 
contimetre-wave technique at the end of the Second 
World War and, appropriately, 13 pp on the German 
station for radioastronomy and for basic reseaich on radar 
The whole of Section 1 of the book is essential, though 
necessarily inadequate, to this general story of centi- 
metric radio in general and of radar in particula It ıs 
to be hoped, m particular, that the papers of the late 
General Wolfgang Martim, general commanding the com- 
munication troops of the Luftwaffe, can be made available 
to the student of radio and radai devices ın naval, military 
and air warfare 

Section 2, of this book on ‘seeking’ and ‘doing’, 18 
devoted, m its 273 pp, to policy and techmques in the 
field of transpoit, beginning with a 1949 article on the 
reconstruction of the very mmportant Rhembahn, which 
serves the great and crowded industrial area between the 
Rhine and the Ruhr Its principal city, Dusseldorf, 1s the 
focus of a population of six millon o1 more, within a radius 
of some 30 miles The articles in Section 2 are ulustrated 
by copious photogiaphs, graphs and tables which givo a 
clear, compact and umpressive account of the restoration 
and expansion of pubhe transport facilities, with text 
and tables 1Juminatirg the requirements in material as 
well as the costing and financing of the system in Nord- 
rhein-Westfalen 

While ralway transport was the most urgent and 
demanding section of the whole, road transport was of 
no less umportance in the total picture indeed, the 
theoretical maximum carrying capacity of road transport 
was estimated at 16 per cent greater than that of 1ail— 
70 milhard ton-km against 60 ın the yea 1949 To these 
major services there must be added that of the rland 
waterways, and these are considered in a chapter dealing 
with the whole post-war problem of the nation’s inlanc 
water-transport network up to 1950 The influence of 
the jet arrcraft in mternational air transport, especially in 
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Europe, ıs discussed in the last chapter of Section 2, based 
on 2 lecture m Genoa, in October 1959 

Section 3 deals with rationalization, im five discourses 
dating from 1952 to 1956, four of theso having appeared 
in the records of the Working-group for Rationalization 
of the Land Nordrhem-Westfalen They deal, in turn, 
with problems m rationalization, the influence of post- 
wal occurrences on German productivity, the road to the 
exhibition “Al Shall Live Better’, Dusseldorf, 1953, 
rationalization as a state-political problem, 1953, the 
road to the Research Instsiute for Rationalization, 
1956—dealing with the opening of the Research Institute 
for Rationalization at Rhine-Westfalen’s Technische 
Hochschule, Aachen 

Section 4, “Research and Science”, the second longest 
in the volume (175 pp ), comprises seven addresses and 
four articles dated between 1953 and 1962 The titles 
are, in all casos, self-explanatory man and technology, 
the need fo. German research, atomic energy as an econo- 
mic source of power for Germany; report on the rensas- 
sance of German aviation research (1955), the furtherance 
of science in the atomic age (1956), science im need (1957), 
research, the gate to the future (1958), the jomt atomic 
energy research installation of the Land Nordrhein- 
Westfalen in Julich (1958), phases in the technical 
development of our time (1958); the group for atomic 
research in common. with the Land Nordrhein Westfalen 
(1960), the stiengthening of Atlantic Co-operation m the 
area of science (1962) 

This catalogue of activities ıs in itself sufficient to 
reveal the astonishnmg range of the public interests to 
which Leo Brandt has devoted his gifts in research, tech- 
nology, economies, political science, organization, manage- 
ment, public institutions, and in then appheation to the 
service of the State and the nation But the supplements 
to the texts, tables, diagrams, maps, Jlustrations, and 
—perhaps most ulummatmg of all—the frontispiece 
showing the author at work, under the drive of a multitude 
of needs and the vision of a multitude of facihties, are 
the clearest pictures of the man who was successively 
dedicated to the advance, to the defence, to the renais- 
sance and to the world-service now demanded of his 
country m the fields of Forschen und Gestalten, of ‘“‘Seek- 
mg and Shapmg” In serving his State and his country he 
1s serving well the world at large 

Section 5 of the book contains two specially individual 
chapters, the first “On the Share of Jewish Personalities 
in the Development of the German Electrical Industry”; 
the second, “To the Memory of Leo Lowenstem’’ The 
former is, as every student of modern science knows, an 
impressive gallery of giants Here are Heimrch Hertz, 
Albert Emstein, Max Born, James Frank, Lise Meitner, 
Georg Schlesmger In the technological “Who was 
Who” are such pioneers as Hamil Rathenau, Carl Fursten- 
berg, Walter Rathenau, Felix Deutsch, Remhold Ruden- 
berg, Julius Laufer, Alfred Be1line:, Paul Hemrich Perls 
Rudolf Goldschmidt, Emil Mayer, Graf Arco, Otto 
Bohm, Erich Zepler, (Piof ) Koin, and so on 

One Leo Lowenstem has a special place in this lst 
Born m 1879, he studied chemistry in the Technische 
Hochschule in 1908, then m Gottingen and Berlin under 
the great Neinst He became an assistant to Geheimrat 
Nernst, and was succeeded in that position by ono 
Frederick Alexander Lindemann, later to be the first 
Baron Che well 

Lowenstein, as a reserve officer in a Bavarian telegraph 
battalion ın October 1913, troduced sound-ranging as a 
military technique In the relatively static phases of 
the First World War, his equipment became a remote 
precursor of 1adar, and when Lindemann and I came 
together at the Royal A:rcraft Establishment, ın 1915, 
Lindemann talked to me interestedly about sound-ranging. 
Lowenstein went on to achieve radio communications 
on 20-cem wave-lengths, using 3-m diameter parabolic 
antenne, over a distance of 40 km On August 12 
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1929, he was authouized to initiate experimental work on 
guided rockets The lassitude which delayed many 
promising multary mventions was overcome by the 
young Wernher von Braun, who was engaged by General 
Dornberger—although no one appears to have thought of 
teling him about Lowenstein’s priority 

The Fates have their own sense of the amusing and the 
dramatic in their weaving of the webs of human destiny 
The Lowenstein project, for guided rockets, the younger 
and late. Wernher von Braun project, and the close 
association between Winston Churchill and Frederick 
A Lindemann, brought the thoughts of two successive 
ex-assistants to Prof Nernst m Berlin and also those of 
another brilhant ex-student from the Nernst ‘stable’, 
Henry T Tizard, into the webs of initiative and of 


NATURE 


December 7, 1963 


scepticism, and to the diverse weighing machines of 
optimism and pessimism on the fate of nations 

If I may be allowed a closing excursion beyond the 
ambit of the important papers of Leo Brandt, I would hke 
to direct attention to the close association just men- 
tioned A treasured reward for the writing of The Pulse 
of Rada: came in the form of a letter from a distinguished 
American lawyer who made history thiough a week-end 
tennis match Having at his country home, not far from 
Banbury Coss, a guest named Winston Spence: Churchill 
he invited the University of Oxford tennis enthusiasts to 
send a team to play a week-end match against members 
of his house party Thus did the frohecsome Fates bring 
Winston Churchill and ‘The Prof’, F A Lindemann, to 
thew first meetmg and their mtimate friendship 
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‘PSYCHOGENETIC STRESS’ AND AUTOINTOXICATION IN THE 
HONEY BEE 


By ROY J PENCE, ROBERT D CHAMBERS and MANUEL S VIRAY 


Department of Entomology, University of California, Los Angeles 


HE theory of the ‘general-adaptation syndrome’! 

has engendered preliminary investigation to determine 
the effects of stress as ıt occurs ın the honey bee, Apis 
mellifera Linn , on the assumption that social insects of 
the higher orders are more susceptible to symptoms of 
stress than msects of a more primitive nature Results 
of these investigations have shown (1l) a similarity of 
physiological decline of a honey bee reacting to forced 
confirement, and a honey bee reacting to a stress created 
by externally appled chemicals, (2) the variance of 
activity of a honey bee abdomen, after 1t has been excised 
(disconnected from the co-ordinating centre),1in comparison. 
with that of an intact bee held m confinement, (3) the 
comparative reactivity of both systems, excised and intact, 
followirg exposure to chemically applied stress 

The fur.damental question m this instance is Why 
does a foragirg honey bee returning to the hive laden 
with nectar or pollen succumb within a period of 1 5-2 h 
after capture and confinement, while an excised abdomen 
from an identical bee contmues to remain active for as 
long as 48 h? On the surface ıt would appear that 
mortality of the mtact bee could be attributed to ove- 
exertion during its attempts to escape However, it 
must be borne in mind that the honey bee ıs capable of 
many miles of tirmg flight yet eventually succeeds in 
returnir g tothe colony The bee’s ‘objectivity’, measured 
im habitat-maintaiming behaviour or homing instinct, will 
usually prevail Why then does the same insect surren- 
der so quickly when denied the exercise of this mstinct ? 
Jt 18 felt that the lmuited period of tolerance to confine- 
ment 18 not the result of mere exhaustion If energy 
expenditure alone is not accountable for the bee’s ‘resigna- 
tion’, leading to prostration and subsequent death, then 
there must be other factors mstrumental ın instigating 
this rapid decline 

Jt would appear that a syndrome 1s involved in associa- 
tion. with stress—perhaps an automtoxicating, triggermg 
mechanism which becomes involuntarily activated during 
the processes of stress? When a foraging honey bee 1s 
confined to a glass jar placed near an open window, ıt 
makes hyperactive attempts to escape in the direction of 
natural light If escape ıs denied the bee quickly dies 
The time required for death 1s of primary mterest, and it 
1s on this period that attention 1s centred. 

There obviously exists in the foragmg honey bee some 
navigational instrumentation which ensures 1ts return to 
the colony Von Frisch?4 propounds the theory of 
internal clocks and the dependence of these mechanisms, 


m part, onthe Sun Consideiimg the period of time that 
a honey bee can survive confinement, removed from all 
fammar objects of environment, it ıs found that this 
period ıs inversely related to the amount of natural lhght 
available to 1t® Experiments also show that the bee’s 
tolerance for confinement ıs much greater in the absence 
of natural hght, and there ıs some indication that total 
darkness ıs less excitable than substituted artificial hght 
We are uncertain at this pomt what effect the various 
properties of hight have on the related nervous and 
hormonal functions, and exactly how they are mterrelated 
Observing that a confined honey bee 1s more strongly 
attracted to ultra-violet than to natural light and, pro- 
portionately, the bee’s period of endurance of confinement 
becomes significantly shorter, ıt appears that hght in the 
ultra-violet spectrum is of umportance®’. 

In addition to light there are mdications of other visual 
or sensory factors affecting the honey bee’s behaviow 
and tolerance of confinement The mere presence of 
small amounts of honeycomb exerts a striking placebo 
effect on a confined bee Comb that has been coated to 
mask 1ts characteristic odour, while retaining 1ts original 
form, will also exert a placatory effect on an otherwise 
excitable honey beo Activity ıs then lessened, with 
longer life resulting There appears to be, however, a 
fairly specific amount of comb necessary to pacify a 
confined bee for a day or more Comb which ıs coated 
to decrease the likelihood of chemoreception offers less 
pacification, while amounts smaller than the bee itself 
offer none Light augments stress while a placebo 
decreases ıt Blinding the bee, or placing ıb in a dark 
enclosure, will increase 1ts tolerance to forced confinement 
Elimination of the antennæ will, however, mmpose an 
opposite effect, for without these chemoreceptors the bee 
succumbs to confinement more readily Behavioural 
studies of confined honey bees from which the antennxe 
have been severed have led to the belief that 1esignation 
occurs long before any factor of energy expenditure takes 
place Subsequent examinations of respiration have 
substantially contributed toward this thoory® 

The area, within which a foragmg honey bee is confined 
has a definite 1elationship to 1ts measure of endurance 
A bee confined m a tiansparent enclosure of several 
square feet will succumb within an hour while, in a quait 
jai, hfe will be extended for from 1-2 h Within an area 
of an inch or two, the bee remains seemmely co-ordinated 
from 1 5 to approximately 3 h, in a tightly fitted, trans- 
parent gelatin capsulo for some 20h Freedom of motion 
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Fig. 1. Scheme of factors. contributing to two ‘types’ of stress in the foraging honey bee 


a ` Forced confinement in natural light, in the absence of certain 
‘behaviour. 


regain natural balance results in stress B: death by exhaustion and autointoxication. 


other environmental factors, suppresses exercise of biblar Aaa 
Continued Supprcasion leads to beginning symptoms of stress A, manifested in h an 


yperactive attempts to. escape: Failure to F ae 
Normality may be regained only if freedom is attained | Re cae 


prior to debilitating effects of stress 4 


Coes appears to be related to. the bee’s degree of ‘frustration’. 
If a bee is given room to take wing toward its destination 
~ and then suddenly encounters- an invisible barrier, its 

“objectivity is more abruptly thwarted. Conversely, 
constricted confinement will suppress or even eliminate 
a objectivity. 

Several factors of environment have an apparent effect 
a on the highly organized, foraging honey bee in confine- 
— ment. Light has been found to increase activity while 
the placebo effect of honeycomb reduces it. Honey bees 
in collective confinement have comparable objectivity, 
yət behave independently in their efforts to return to 
aa the colony. 

Light and area affoct activity which, when excessive, 
es is. deleterious and constitutes stress. Stress is the result 
of activity and energy expenditure and initiates activity. 
"hus stress, if not relieved, contributes to autotoxicity 
< which, in turn, leads to mortality if no adaptation to the 
ees circumstances imposing stress is forthcoming. 

The problem becomes one of defining the nature of a 
ess imposed on a foraging honey bee under confinement 
rately examining similar symptoms of prostration 

‘ought. on by energy expenditure.. "To differen- 
reasoned, that: first a. stress 





















peychogenotic’: : nature induced. by. isonitnaroant 


chomical selected for this investigation was mena- 
vitamin K,) which, though relatively non-toxic 
pplied_ topically at low concentrations and in 
al amounts, has an irritating effect which causes 
© to react with such violence that it eventually 
due to exhaustion associated with chemically 


ated beo will be acivated 


expenditure, it has now been confirr aei 


-live longer than untreated bees which react to confi: 


toward light in energetic attempts to escape, while tho 


treated bee ignores light and expends comparable re- 
flexive energy in attempting to rid itself of the chemical - 


irritant. 


Present evaluations clearly indicate that a topically. a 


applied irritant serves as a distracting agent which _ 
appears to supplant the original homing instinct. Thus, - 
a stress induced by external sub-lethal. chemical means | 
becomes a substitute for a stress resulting from inter- 
ference of the insect’s natural behavioural pattern. This — 
has been further substantiated through observations that 
irritated bees under confined conditions expend. more 
energy yet live longer than those that are untreated. In. 
other words, a confined bee more quickly falls prey to. 
‘autogenetic stress’ fostered through denial of its objec- 
tivity associated with the homing instinct. Measurements — 
of losses in weight of both treated and untreated bees 
following death show losses to be greater in the treated — 
than in the untreated bees; however, losses. in weight = 
alone only suggest energy oxpenditur B o o 
The Warburg respirometric method of evaluation has - 
proved particularly suitable for experiments in honey bee 
respiration, : 
respiration in terms of environmental, ap 
inherent factors which contribute either t 
pacification of an isolated subject’. Consideriz 
oxygen consumption . as the mos 












to a chemically applied stress expend n mg 


Conversely, it has also been learned: that 
excised abdomens expend more energy and live Jonger 1 than 
treated abdomens. l 


Table 1, RELATION OF OXYGEN CONSUMPTION TO Monranrey: FORI “ay 
Intact HONEY BEES UNDER CONFINEMENT, IRRITATED AND NON-URRITATED; 
(2) IRRITATED AND NON-IRRITATED | SEVERED ABDOMEN 
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Condition of bees vm mortality ( NT. 
Severed abdomen irritated | §2: 86. a 
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_-# Irritated with menadione 0-001 mil. of 0-25 per cent. 


+ Sixteen Insects per test, three replicas of each test. 


This technique enables one to Bos 


T that there is a stoichiometric relationship 
© between the primary phosphate groupings 
-> and the protein, presumably involving ionic 








_ Respiration investigations have presented 
there exists in the foraging 








oney tial of 
fatal autointoxication which becomes manifest when it 
is denied the exercise of normal habitat-maintaining 
behaviour. Results of these investigations have produced 
evidence that the period a bee can endure foreed confine- 
ment is not based on expenditure of energy alone. The 
relationship of light to ‘psychogenetic stress’ has been 
evaluated by the simple expedience of altering light 
„and its properties over bees confined within respirometric 
- flasks. Quantitative analyses of the insects’ threshold 
tolerances have thus been recorded, and take into con- 
sideration sensory mechanisms which moderate differ- 
ences between normal and abnormal behaviour. 

It is felt that more consideration might be given to 
insecticides which are known to trigger early stress 
symptoms, with subsequent autotoxicity, to promote 
the. desired total lethal effect. One cannot help but 
question the part played by the insecticide per se when the 
important factor of ‘physiological’ stress remains unde- 
termined. Therefore one is led to speculate on the 
possibility of using lower dosages of hazardous insccti- 
cides, with allowances for associated stress to contribute 
its role in mortality. 

The still undetermined chemistry of toxic substances 
generated during the processes of stress should be con- 
sidered”, It is suspected that these substances are re- 
leased into the haemolymph as evidenced by the dramatic 
effects this fluid has on normal tissue. When minute 
amounts of hemolymph are transferred from the body of 
a ‘stressed’ honey bee on to the exposed organ of sting 
from a normal bee, a muscular hyperactivity occurs 
which is followed by abrupt and final cessation of any 
further movement. A freshly extracted, intact sting, 
when carefully removed and placed on a clean surface, 
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will take immediate effect on an exposed sting and after À 


causes, Po 
These preliminary observations have resulted in two... 
new conclusions: (1) The honey bee, already recognized. — 
as a highly specialized insect, is still basically a creature of- 
instinct. Apart from a limited number of reactions 
which give some evidence of adaptation, association, 
memory and learning, the bee responds in a fixed way to 
a given change in its environment, We have known for 
some time that a factor of morale exists in the colony 
and we now have evidence that a honey bee is also subject 
to symptoms of ‘neuroses’ which become manifest in 
stress. (2) The processes of stress give rise to autotoxicity, 
which proves fatal to the bee, and the toxic substances, 
especially when aged and transferred to normal bees, are 
equally fatal. | 
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TOBACCO MOSAIC VIRUS PROTEIN 
By R. MacLEOD, G. J. HILLS and Dr, ROY MARKHAM, F.R.S. 


Agricultural Research Council, Virus Research Unit, Huntingdon Road, Cambridge 


“SHE protein components of the tobacco 

l mosaic virus and its relatives are rather 
remarkable substances. Although they can 
vary considerably in their amino-acid com- 
- positions, they can all assume a configuration 
that is ideally adapted to shield the sensitive 
and important ribonucleic acid part of the 
< virus from its external environment, by 

` forming a left-handed! tube having 164 
peptide chains per turn? which not only 
.. eneloses the nucleic acid thread as an inclu- 
sion compound but also fits it in such a way 


“compounds with the arginine guanidino 
-> groups’. The protein is also able to form this 
“type of tube in the absence of the nucleic 
acid, either under natural conditions, when 
it is referred to as ‘X’ protein‘, or when the 
nucleic acid has been removed artificially 
by the use of dilute alkali or by acetic acid, 
when it is usually referred to as the ‘A’ 
protein®-*, However, in these last instances 
the restraints imposed by the inclusion of 
the nucleic acid thread are not present, 
and the protein molecules are then. also 
able to form tubes composed of disks stacked 
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Fig. 2. High-magnification electron micrograph of the square mesh structure seen on 


the surface of the virus protein crystals 


on each other in pairs and having 16 peptide chains per 
disk arranged radially’, This type of structure so closely 
resembles the helical tube that it is only quite recently 
that it has been recognized. However, its structure is 
readily noticed once one is aware of its existence, and we 
have noted that this type of tube is a not uncommon 
constituent of tobacco mosaic virus preparations. 
_Re-polymerized tobacco mosaic virus protein, whether 
in the form of a helix or a stack of disks, differs from the 
intact. virus in that it has little tendency to form rods 
having a uniform length, and some rods may be as short 
a8 one pair of disks, which would appear to be the smallest 


stable structure of this type. Quite recently we have come 
-aeross an entirely new way in which these disks can 


arrange themselves, namely, as true three-dimensional 
crystals. It seems not unlikely that when larger crystals of 
this type are grown, they may be used to determine the 
precise configuration of the peptide chains constituting 
the sub-units of the virus, using X-ray diffraction tech- 
niques, because such erystals should have advantages 
over the gels of virus that have been used so far. 

‘The virus preparation used in this work was derived 
from the ‘type’ strain from Berkeley, California, and was 
adjusted to pH 10-3 with sodium hydroxide and left at 
4° C for 24h. The solution was then dialysed exhaustively 
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against distilled water. On examination 
under the electron microscope, using potas- 


sium phosphotungstate as a negative atain®*, 
a number of flat plates were seen having a 
striking rectangular network rather like a 
mosh screen (Figs. 1 and 2). At first sight 
it was difficult to interpret these pictures 
because the size of the mesh was considerably 
smaller than the diameter of the virus rods, 
and the apparent width of the elements — 
composing the mesh was not consistent with. 
any of the dimensions with which we were 
familiar. | 

It transpired that these structures were 
artefacts of a new type. The appearance 
of negatively stained objects is very often 
so appealing to the eye that one tends to- 
overlook the fact that the final image is not 
formed by those regions in the object: where 
matter is present but, on the contrary, by 
those places where there is no matter to. 
prevent the ingress of the negative stain, 
and that these are by no means comple- 
montary situations, particularly when one is 
examining a crystal lattice which may well 
have several planes in which the voids are 
distributed differently at different levels. In such cases 
any transparent, electron-transmitting, areas merely repre- 
sent the projection on the plane of the image of those verti- 
cal regions where the stain is more or less excluded, 
and such a projection need not necessarily resemble 
in its major details the structures under examination, 
though, of course, there is a definite relationship between 
them. 

This state of affairs is shown diagrammatically in Fig. 3. 
This figure shows the situation obtaining when transparent 
disks are arranged in a square lattice, with the interstices 
filled with an opaque stain. One then sees an array of 
four-cusped, squarish, stained regions arranged with the 
same spacing as are the disks, but displaced with respect 
to them. If a second layer of disks is then superimposed 
with their centres on the centres of the spaces between 
the disks in the first layer, two layers of cusped areas are 
superimposed out of step and the only regions not obscured 
by stain are the places where the disks in the two layers 
overlap. It will be seen that one then obtains an approx- 
imation to a square mosh with an edge period of 1/4/2 times 
the diameter of a single disk at 45° to the array of disks, 
which incidentally are now arranged in two successive 
layers of a body-centred tetragonal lattice as viewed 
normal to the (001) face. Further layers of disks can be 





Fig.3. Diagram showing how the square mesh of Fig. 2 is formed by the 
-. overlapping of virus protein disks armiged in a body-centred tetragonal 
jattice. In this figure the areas which overlap are mostly shaded in 

l black, but some are left unshaded to show how they originate 





Fig. 4. Diagrammatic exploded view of the unit cell of the tobacco 
mosaic virus protein. The individual disks in this figure are copies of 
the radially averaged electron micrograph in reference No.7 





Fig. 5. Medium-sized crystal showing parallel lines on its surface 


superimposed indefinitely using the same rules without 
altering the appearance of the image in any way, and 
it will be noted that if the disks have central holes this 
will not have much effect on the final image, because all 
such holes are situated over or under larger spaces in other 
layers of the lattice. 

The interpretation of the structure of the crystalline 
plates seen in the electron micregraphs is now obvious. 
They are evidently the (001) planes of tetragonal crystals. 
The edge of the square mesh was measured and was found 
to be approximately 100 A, a value that was based on the 
previously measured magnification of the microscope. 
This would indicate that the centres of the disks are about 
140 A apart and that a certain amount of interpenetration 
or deformation has taken place during the formation of 
the crystals. The tetragonal habit is, of course, consistent 
with the 16-fold structure of the disks, and it is also con- 
sistent with the presence of the angles of 90° and 135° 
which are sueh a prominent feature of the edges of the 
crystals (Fig. 1). A diagram, of the way in which the disks 












taillion; 
possible to estimate the dimension of the- 
c axis of the unit cell directly, but in the 
dried crystals it is probably about 70-100. A, 


pairs of disks seen from the side. 

Although most of the crystals exhibit a 
one, and very thick crystals may only. 
exhibit parallel lines (Fig. 5). This might 
be due to a slight deviation of the 
crystal lattice from. true tetragonal form, 
but we are inclined to attribute it to 
minor distortion in the specimens and 
substiate. ; 

The crystals appear to bo formed during 
the dialysis of the alkaline solution of the 
‘A’ protein as an alternative to the poly- 
merization to give the stacked disks and 
helica! rods which are also to be found in the 
suspensions, and though small and thin are large 
enough to be seen under the optical microscope by phase 
contrast. The precise conditions favouring the formation 
of three-dimensional crystals at the expense of the two 
rod-shaped forms are not known, but are probably a 
function of the pH and ionie strength of the solutions. 
This is being investigated further. 

This work was supported in part by a grant from the 
U.S. Public Health Service. 
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AGE AND SIGNIFICANCE OF DIABASE DYKE SWARMS OF THE 
CANADIAN SHIELD 


By W. F. FAHRIG and R. K. WANLESS 
Geological Survey of Canada, Ottawa 


TDASALT is the only abundant magma type thought to 

{J have been derived more or less directly from the 
Upper Mantle. In recent years the understanding of the 
petrology of this rock type has been enhanced through 
- the study of basaltic provinces and through experimental 


ee ; work. particularly at the Geophysical Laboratory in 
Washington. 
thought to be chiefly tholeiites and representatives of one 


Diabase dykes of the Canadian Shield are 


_ of the most common basaltic magma types. These dykes 
are so extensive in time and space that a broad survey 
of these intrusive rocks will provide additional information 
that will be useful in the integration of experimental and 
natural studies. The initial phase of the study of diabase 
dykes is concerned with the geometrie outline of the 
swarms, with the age of the swarms and with the relation- 
ship of these features to the broad tectonic development 
of the continent. The first report of a potassium—argon 
study specifically aimed at the determination of the age of 


diabase swarms of the Canadian Shield is that of Burwash a 


et al.?. 


The potassium-argon age measurements of diabase’ A 
dykes used in this work were made on separated mineral- “8 
fractions, chiefly biotite, and on whole-rock specimens of =< 
chilled dyke contacts and coarser-grained parts of dykes. = 
Specimens from the chilled contacts generally yielded 
potassium~argon ages in excellent agreement with those ~~ 
of separated biotites. In one instance, a whole-rock’ = 
potassium-argon age on coarse-grained material is 25 
per cent greater than the best reasonable estimate of the 
age of the intrusion. Some of the averages reported, here 


may be modified by additional work. i 

For convenience of reference the dyke swarms ‘Herein: : 
discussed have been numbered 1 to. 13 on Figs. 1 and 2, 
proceeding roughly from. the oldest. to. the youngest: 
The preliminary results of this- dating: programme ‘ate : 
shown in Table 1. 
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“These results. indicate that diabase dyke swarms have 


. an -tntroded the Shield frequently throughout the span of 
i5: Precambrian time. 


‘The dimensions of some swarms and their changes in 


o trend are so spectacular that they warrant special com- 


ment. Swarm No. 7, for example, extends over an area 


more than 1,000 miles long and locally more than 600 
miles wide. 
miles in length. The greatest concentration of dykes 
occurs in the Mackenzie District. Noteworthy changes in 
dyke orientation and concentration occur in this swarm 


‘Individual dykes of the swarm exceed 150 


| : ; as it passes from one structural province to another. 
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The intrusion of dyke swarms Nos. 7, and 8 were 
events of major significance in the middle ‘Pro Prozo o. 
history of the Shield. We suggest that many of these | a 
dykes penetrated the Earth’s surface and vast outpour-— oe 
ings of plateau basalt. accompanied their intrusion. > 
Probably hundreds of thousands of square miles of the 
Mackenzie District and the densely intruded areas ofo- 
Ontario were covered by these outpourings. The detritus 
from the erosion of these flows would form a significant — 
component in sediments being deposited in developing 
mobile belts adjacent to the craton. zi 

If we accept the hypothesis that dyke swarms of regional 
extent were feeders to surface flows or near surface sheets, 
then, periodically a blanket of tholeiitic lava was. prosent 
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tees at or near the surface of the Shield. Significant amounts 
of sialic crustal material could then be derived from the 
-Graton underlying these flows or sheets only after they had 
removed by erosion. Basaltic cover rocks believed 
to possess a low rubidium-strontium ratio may therefore 
contributed significant quantities of clastie materials 
i ginal basins and these could therefore influence the 
rved strontium-87/-86 ratio now found in younger 
amorphic terrains. 
dition to this effect, under suitable climatic condi- 
e erosion of the basaltic cover rocks or near- 
iabase sheets would release large quantities of 
oluble material for precipitation in surrounding 
nes. The great Precambrian deposits of 
m in the Shield may derive their iron not 
ntemporaneous voleanic extrusions of the newly 
-ogenic belt, but chiefly from the erosion of 
rt tholeiitic lavas or near-surface sheets fed 
res on the neighbouring craton. These out- 
bably represent the terminal activity of a 





























ferent from the basalts of the developing 
--eugeosyncline. Furthermore, in comparison with dyke- 
` fed tholeiitic flood basalts, the surface areas of older 
_ infolded basalts of the Shield, for example, the Keewatin- 
type basalts, would be. insignificant.. This idea is particu- 
larly attractive as it appears to deal suceessfully with the 

two major problems: in the genesis of this type of sedi- 











genic cycle and in a tectonic sense are funda- — 


iron- formation and the virtual restriction of this typi of o me E 
iron-formation to the Precambrian. Ifthe ironis released 
by sub-aerial weathering of plateau basalt, the banding 
can be related to the yearly weathering cycle, and thi 
rarity of iron-formation of this. type in the Phaneroz 
can be ascribed to a relative paucity: of flood basalt 
craton during Phanerozoic time or to imappropriat 
climatic conditions or to both. The sub-aerial weathering 
of tholeiitic basalt would, as compared with the weatherin 
of the average Shield rock, result in a much lower prope 
tion of resistates. This is compatible with the charactor 
of Precambrian iron-formation. , 
It is interesting to. speculate on the possible latgo-s 
tectonic significance of dyke swarms. In some. inst 
the trends of the swarms appear to be perpendicula: ar to 
directions of compression ‘present during the. ort 
episodes that immediately precede d d yke- 
a swarms 2 2 and 3a aro roug 






















ı this area during the Ek orogen; 
8 para t the wostern and southern d 


mentary iron- formation, namely, the banding of the sugges 
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orogenic belt and less mntense compression within the 
ciaton results from sub-crustal currents. If relaxation 
occurs during or after a major orogenic cycle, as a result 
of diminution in size of sub-crustal currents, diabase dyke 
intrusion may occur both ın the orogenic zone and 
m the adjacent stable craton If a period of tension is 
succeeded by additional mountain building accompanied 
by folding, metamorphism and granitic intiusion in the 
orogenic belt, diabase dykes related to the preceding period 
of tension will be preserved or recognizable only m the 
stable craton A series of dyke swarms ın the craton may 
reflect more intense 1hythmic compression and relaxation 
m neighbourmg developmg mobile belts 

The examination of dyke swarms promises also to be of 
value ın the mterpretation of certam geochronological 
events in the development of the Shield For example, ıt 1s 
noted that dykes of swarms Nos 2 and 3 are the same age 
within, hmuts of analytical uncertamty and they exhibit 
concordant trends If these trends are projected, the 
dyke swarms of approximately 2,200 millon years could 
pass through the maim body of the Churchill Province, in 
an area where potassium~argon dates are generally 
within the 1,700 muJhon year range of the Hudsonian 
orogeny Stockwell‘ has reported that, within the 
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Churchill Province between Nonacho Lake south-east of 
Great Slave Lake and eastward toward Hudson Bay, a 
number of potassium-argon ages ranging from 1,900 to 
2,460 millon years are present among more common 
Hudsonian potassium~argon ages of 1,700 million years 
He has interpreted these as survival dates from the 
Kenoran orogeny which affected this area about 2,500 
milion years ago Within this part of the Churchill 
province the younger dykes of swarm No 7 at 1,315 
mullion years are prominent, but metamorphosed segments 
of older east-west dykes are also relatively common 
These may represent the extension of the pre-Hudsoman 
swarms Nos 2 and 3 through the Churchill Province 
If this is the case, doubt ıs cast on the idea that the Slave 
and Superior Provinces were originally isolated continental 
nuclen 

We thank the Director of the Geological Survey of 
Canada for permission to publish this ai ticle 
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Prof, Jacques Hadamard, For.Mem R S 


JACQUES SALOMON HADAMARD was born in Versailles on 
December 8, 1865 His mathematical abilbties very soon 
became evident when he won the entiance examimation 
to the’ Ecole Polytechnique, perhaps the stiffest mathe- 
matical entrance examination in the world, with a record of 
1,875 marks out of a total of 2,000 After graduation he 
obtamed a teaching post at the University of Bordeaux, 
but soon returned to Paris as a professor at the Sorbonne 
In 1897 he went to the Collége de France, from which he 
retired ın 1935 The Second World War forced him to go 
to the United States, where he found a temporary home 
in Princeton In 1945 he visited Great Britain and gave a 
charmmg lecture on personal recollections as a mathe- 
matician, which 1s still remembered with pleasure by 
many of his British colleagues He soon returned to 
Paris, leading a very active hfe m spite of his old age, 
until he died on October 17 m his nimety-exghth 
year 

Most of his work m pure mathematics was done in the 
1890's on analysis Hadamard, desirmg to investigate 
the Riemann ¢-function, developed a theory of mtegral 
functions of a complex variable which has been the 
foundation of all the subsequent work on the subject In 
1896 he proved the prime number theorem which had 
been conjectured by Gauss and Legendre a hundred years 
earher let n(x) be the number of primes not exceeding 
vt, then r(x) ~ xog x The same result was proved 
simultaneously by de la Vallée-Poussin Though a lot of 
work has since been done on the prime number theorem, 
Hadamard’s proof ıs still the simplest and most natural 
proof of the theorem It must be a umque event m the 
history of science that a major break-through 1s achieved 
simultaneously by two scholars who each survived their 
achievement by two-thirds of a century 

A few other results can be briefly mentioned 

(1) Hadamard’s mequality for real determinants 


n n 
aal < +1 5 ah 
2= I k= 
(2) Hadamaid’s “3 circle theorem”? let m(r) be the 
maximum of the absolute value of a regular complex 
function in a circle with fixed centre and radius? Then 
log m{r) ıs a convex function of log 7 


(3) Hadamaid’s gap theorem for a Taylor series of the 
form 


Every pomt on the boundary of the cncle of convergence 
is @ singular point of the function 1f bp4, — bn —> œ 

Has work in applied mathematics was mamly concerned 
with wave propagation and is of classical :mportance 
No standard text on the fluid mechanics of high-speed 
flows, for example, would be complete without basic 
reference to ıt, nor would any account of Huygens’s 
principle Its mfluence permeates present-day thinking 
on. solutions of the wave equations and alhed problems 
Startmg fiom the work of Riemann, Kirchhoff and 
Volterra, he developed in 1903 (ref 3) and m his later 
work in 1923 and 1932 (refs 4 and 5) the theory of hyper- 
bolic lhnear differential equations for the general case of 
n independent variables, distinguishing between the cases 
when 7 is odd and even Here m these books are set out 
the tools m the form of the theory of charactenstics and 
bicharacteristics, the principle of descent and the concept 
of the finite part of an infinite ımpıroper integral, without 
any of which an understanding of high-speed flows would 
be impossible Hadamard was not only interested m 
existence and uniqueness properties, but also, as Friedrichs 
remarks, m the pioperty of the continuous dependence of 
the solution on the data, a property which 1s required 1f 
the problem is to be called correctly posed With the 
advent of modern computational techniques the applica- 
tion of the method of characteristics has become a standard 
method of solution not only for lnear but also for quasi- 
hnear hyperbolic differential equations, and three-dimen- 
sional aerofoil theory leans heavily on the concept of the 
finite part of an infinite mtegral 

Hadamard’s name must also be lnmked with those of 
Stokes, Earnshaw, Riemann, Rankme, Hugoniot and 
Rayleigh ın developmg the ideas of non-lnear wave 
motion which led to the present theory of shock waves 
and their formation 

Hadamard’s merits as a mathematiaan were fully 
recognized at home and abioad He held many honorary 
doctorates and was an. honorary member of many learned 
societies, m paiticular a foreign member of the Royal 
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Society and an honorary member of the London Mathe- 
matical Sonety 

Hadamard published the following books (1) La série 
de Taylor et son prolongment analytique (Paris, 1901), 
(2) Notice sur les travaux screnisfiques de M Jacques 
Hadamard (Paris, 1912}, (3) Leçons sur la Propagation 
des Ondes (Paris, 1903), (4) Lectures on Cauchy's Problem 
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un Lanear Partial Differential Equations (Yale, 1923, also 
Dover Pubhecations, 1952), (5) Le problème de Cauchy et 
les éqguations aux derwées partielles lunéarres hyperbolaque 
(Paris, 1932), (6) An Essay on the Psychology of Invention. 
wn the Mathematical Feld (Princeton, 1945) 
H HEMmBRONN 
L HOWARTH 
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NEWS and VIEWS 


Electronics at the University of Southampton: 
Prof E. E. Zepler 


E E ZErĽLER became the first head of the Department 
of Electronics on its creation in the then Unversity 
College of Southampton shortly after the end of the 
Second World War In 1949 he was elected to the newly 
established char of electronics at the College, thus 
becoming the first professor of electronics with an m- 
dependent department m Britam Zepler’s earher 
experience with Telefunken m Germany (1925-35), where 
he became head of receiver and direction finder design, 
with the Marcon. Co m England (1935-40) and at the 
Cavendish Laboratory during the War, fitted him admur- 
ably for the post The present time sees him leaving a 
thriving department with strong postgraduate teaching 
and research schools as well as undergraduate courses 
designed both for scientists and for engmeers His keen 
interest ın electronics teachmg found a further outlet ın 
his associations with the British Institution of Radio 
Engineers, the educational policy of which was formed 
largely under Zepler’s influence He was elected president 
of the Institution m 1959-60 and still serves on the 
Council of the Institution as a vice-president, as well as 
on several of ts committees Zepler is also well known 
as the author of Radio Recewer Design and more recently 
as the co-editor (with S W Punnett) and part author of 
two further books concerned with Flectronee Circuit 
Techniques and Elecirome Devices and Networks His 
publications also imelude, however, several books 
concerned with chess and chess problems He 1s an out- 
standing chess player, having represented both Essex and. 
Hampshire in tournaments since settlmg in Bmtam m 
1935 Zepler’s lively personahty and his friendliness to 
all who have come into contact with him will not easily 
be forgotten, and ıt ıs a source of great pleasure to his 
many frends that ın retirement he wil continue to be 
associated with the University as a Semor Research 
Fellow in the Institute of Sound and Vibration Research 


Prof G. D Sims 


Dr. G D Srms of the Department of Electrical Engin- 
eering, University College, London, has been appomted to 
succeed Prof Zepler Dr Sims studied in both the Physics 
and the Mathematics Departments of the Impenal 
College of Science and Technology from 1945 until 1948, 
obtaming both a B Se in physics and an M Se in mathe- 
maties From 1948 until 1954 he was at the Hirst Research 
Centre of the General Electric Co , where he worked on a 
number of projects, ncluding the use of the Hy, waveguide 
mode for long-distance transmission and some problems 
of magnetron operation During this period he also 
worked part-time at Imperial College with Prof D Gabor 
on magnetron instabihty phenomena and presented a 
Ph D thesis on this subject From 1954 until 1956 he was 
with the Theoretical Physics Division at the Atomic 
Energy Establishment, Harwell, and was attached to the 
Particle Accelerator Group (now the Rutherford High 
Energy Laboratory) Two years later he jomed the staff 
of the Electrical Engineering Department at University 
College, London, and, while taking a full part in the teach- 
ing of the Department, contmued his interest m research 


by supervismg a number of postgraduate reseaich 
projects These interests meluded plasma problems, the 
direct conversion of heat to electricity usmg thermionic 
diodes, and a number of microwave valve investigations 
Dr Suns took up the chair of electronics at the University 
of Southampton in October 


Physics at the University of Leeds: 
Prof E. C. Stoner, F.R S. 


Pror E C STONER retired on September 30 from the 
Cavendish Chair m Physics m the University of Leeds 
after nearly forty years’ service in the University Born 
at East Molesey in 1899, he went up to Cambridge from 
Bolton School, took firsts m both parts of the Natural 
Science Tripos and withm httle more than three years 
from graduation had published a valuable experimental 
paper (with L H Martın) and a theoretical one (“The 
Distribution of Electrons among Atomic Levels’’) which 
was to play a decisive part leading towards the enunciation 
of the ‘exclusion principle’ In the years to follow, his most 
important contributions were m the field of magnetism, 
here his two books were to be recognized as standard 
works, while of his many notable orginal papers those in 
1938-39 on collective electron ferromagnetism were 
perhaps outstanding In recent years he has encouraged 
a wide-ranging approach in his laboratory to problems of 
electronic band structure in metals Stoner went to 
Leeds as a lecturer m 1924, was appomted to a readership 
in 1927, to a newly mstituted chair of theoretical physics 
in 1939 and to the Cavendish chair in 1951 He held a 
fellowship of his college, Emmanuel, from 1928 until 1931, 
and was elected a Fellow of the Royal Society m 1937 
Throughout his service in Leeds he taught actively, in 
recent years ın stimulating lecture courses m quantum 
mechanics and statistical mechanies He played a leading 
part m the formulation of post-war university policy and 
in all the ensumg quimquennial surveys, served as a 
vice-president of the [then] Institute of Physics and, 
vory effectively, on the Post Graduate Training Awards 
Committee of the Department of Scientific and Industrial 
Research 


Isidore Geoffroy St Hilaire Medal for 1963 


Miss Puyiuis Barc.ay-Smirg has been awarded the 
Isidore Geoffroy St Hiılawe Medal for 1963—so0 far as we 
are aware, the first occasion that it has been given to a 
woman This Medal is awarded annually by the Société 
National de Protection de la Nature et d’Acclimatation 
de France to a person whose nationality 1s not French 
and who 1s distinguished for work m this field The Medal 
1s bemg presented at a general meoting of the Society, 
which will be held on December 8 in the Grand Theatre 
of the Museum National d’Elistoire Naturolle, Paris 
Miss Barclay-Smith has a long record of various public 
activities, mainly on behalf of bird preservation She 
has been the secretary of the International Council for 
Bird Preservation smeo 1946 and ıs a member of the 
Home Office Advisory Committee on Protection of Birds 
for England and Wales As honorary secretary of the 
Co-ordinatmg Advisory Committee on Oil Pollution of 
the Sea, she took an active part m the promotion of 
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international legislation to prevent the discharge of oil 
and oily waste products mto the sea. 


~ 


Technical Teacher Training 


A POLICY statement entitled Technical Teacher Tramneng, 
issued by the Association of Teachers m Technical In- 
stitutions and based on a report prepared by the Associa- 
tion’s Hducation Commiuttee, concludes that untrained 
veachers have been too readily accepted m the past and 
that the training of teachers ıs essential to ensure effective 
use of expenditure on further education (Pp 24 London 
Association of Teachers m ‘Technical Institutions, 1963) 
It recommends that, as soon as possible, all new entiants 
to technical teachmg, both full-time and part-time, should 
receive professional traimng and normally a full-time 
one-year course <A recognized professional qualification 
of technical teachers 1s recommended and suitable traming 
schemes should be developed for regular part-time 
teachers, whose salary scales should provide financial 
recognition, of professional trammg Experienced mem- 
bers of staff should be given the 1esponsibility of guiding 
and assisting new entrants, and grants to trameo teachers 
should be closely related to what they may reasonably 
expect to earn on appointment Refresher courses should 
be provided for certam teachers and for those courses 
subsistence grants should be paid, while supplementary 
courses in general education should be provided to help 
meet the demand for teachers for craft and technician 
courses Better heson facilities are required between 
technical colleges and technical teacher tramimg colleges, 
and the salaries paid m the latter must be sufficient to 
attract some senior staff from the forme: While there is 
room for experiment with sandwich courses in teacher 
training, more experience 18 required for a final judgment 
Existing teachers should be encouraged to improve their 
qualifications, and emphasis ıs laid on the need for much 
more research into problems of further education Educa- 
tional fellowships ın all types of educational institutions 
are advocated to enable teachers to undertake educational 
research Besides further extension of the existing tech- 
nical teacher training colleges, at least two new colleges 
are required, one in the north-east and one m the south- 
west of Britain, and 1t 1s suggested that trammg depart- 
ments should be opened m colleges of technology and some 
technical teaching traming given m university depart- 
ments of education The new ‘staff college’ should cater 
for all fields of further education and for those concerned 
with educational administration and mdustrial tramıng 


The Advancement of Science tn India 


THE Indian Science Congress Association has issued as 
a reprint the text of Dr D S Kothar’s presidential 
address, ‘Science and the Universities”, given at the 
fiftieth session of the Congress at Delhi durmg October 
7-10, 1963 (Pp 17 Calcutta Indian Science Congress 
Association, 1963) Dr Kothari begms by quoting the 
Prime Mimister’s statement on scientific pohey five years 
earher and then discusses the implications of what he 
terms the ‘current scientific revolution’, m which the 
doubling period of science 1s about fifteen years in terms 
of co-operation and the unpredictability m the march of 
events Not merely does it mean that some 90 per cent 
of scientists who have ever lived are alive to-day, but 
also that the time-gap between basic discovery and its 
application 18 continually dunmmishmg The gap between 
the mcher and poorer countries, the developed and the 
underdeveloped countries, 1s widening rapidly, so that 1t 
is mereasmgly difficult for the developing countries 
to import the capital equpmont and machimery needed to 
raise them production This situation is detrimental 
to the interests of both developed and undardeveloped 
countries, but ıt 18 possible for the developed country to 
make major contributions to the rapid development of a 
newly developing country by supplying the muitial nucleus 
of technical exports and material resources Dr. Kothari 
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recognizes that research and development expenditure 1s, 
not an entirely satisfactory mdex of the deyelopment of 
science 1n a country, but there ıs a close and direct con; 
nexion between the percentage of national income spent, 
on research and development and the number of scientists, 
and technologists expressed as a percentage of the popula- 
tion Stressmg then the contribution,af the universities 
to scientific advance, both m teaching and ın research, 
Dr Kothari refers to the umty of science and the danger 
of fragmentation, the umperative importance of a climate 
of free enquiry, the growing significance of team-work 
and the problems presented in the allocation of resources 

These are the considerations which indicate where: the 
universities can contribute most decisively to the scientific 
interests of a country, and finally he emphasizes the value, 
m & country of limited resources hke India, of the centres 
of advanced study which the University Grants Com- 
mission was seeking to establish l 


Higher Education ın India 


THE report of the University Grants Commission to the 
Government of India for the year 1961-62 records an 
increase m the number of umiversities from 33 to 46 
durmg the Second Plan period, and with the five estab- 
lished durmg the year the total 1s now 51, of which 35 
are affiliated, 14 umttary and 2 federal m character (Pp. 
v+36 New Delhi Umversity Grants Commission, 1963 
Rs 150; 3s 6d, 54 cents) Several steps were taken 
in the development and expansion of engineering and 
technological education ın the universities, and a Com- 
mittee was appomted to make a thorough study of 
standards prevailing generally, while another Committee 
is considering the selection of some twenty centres of 
advanced, study ın various universities The Commission 
contmued to be concerned with examimation reform and 
measures for promoting general education, and has offered 
assistance In orgamzmg summer schools, institutes, con- 
ferences and sermmars in different subjects Great ım- 
portance 1s attached to the development of the affilated 
colleges in which about 86 per cent of the university 
students m the country are enrolled, and where the 
organizavion of postgraduate teaching presents problems 
Some twenty-two State universities are now participating 
m the Commission’s scheme for raising salary-levels to 
that of the central universities The number of students 
increased, by J] per cent to 1,156,000, the increase of 
women students, now 186,030, being particularly notable, 
and the overall increase was shared by all faculties, the 
percentage merease bemg greatest ın agriculturo (78 6), 
engineering and technology (56 8), medicine (48 2) and 
education (467) Postgraduate students increased in 
number from 63,000 in 1960-61 to 72,859 (22 per cent of 
whom were studymg science subjects) the total has 
almost doubled in the past five years The percentage of 
failures in 1960 vared from 57 per cent m the BA 
examination, 50 8 per cent m the B Com, 49 per cent m 
the BSc, and 466 per cent m the MBBS to 137 per 
cent in the B Sc (Tech ), but many successful candidates 
secured only mmimum marks 


Organization of Scientific Research in Poland 


In a brmef survey of the development of scientific 
research in Poland, published in Polish Facts and Figures 
(No 729, October 19, 1963), Prof I Maleck refers to 
considerable changes m the scope and organization of 
research in Polend smce 1952 Between 1950 and 1963 
industrial production increased 3 7 times and there are 
now 172,000 students in 73 universities and specialized 
colleges, which employ 16,300 scientific workers, while 
the Polish Academy of Sciences employs 6,200 persons 
(including 500 professors and assistant professors), com- 
pared with 2,000 m 1953, 21 research institutes and 56 
laboratories are now attached to the Academy The two 
institutes of nuclear research, while under the scientrfic 
supervision of the Academy, are controlled by the High 
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Commussioner for Nuclear Energy The mstitutes attached 
to the Academy are maimly responsible for oriented 
fundamental research, while m the universities emphasis 
18 laid on free basic research Appled research and tech- 
nological development are conducted mainly in the indus- 
trial research institutes, the research staff of which has 
increased seven-fold m the past decade. The Polish 
Academy of Sciences is responsible for planning and 
co-ordinating fundamental research, and especially for 
long-term plans for developing science The general 
co-ordination. of applied research and technical develop- 
ment 1s the responsibility of the Commuttee for Science 
and Technology established m 1963, which 1s also respon- 
sible for the finance of research and for the development 
of scientific manpower Scientific co-operation with 
foreign countries 1s regarded as an important element in 
the contemporary development of science, and the 
Academy’s institutes have established numerous contacts 
with scientific mstitutions abroad In 1962, 94 Polish 
scientific workers went to Britain on behalf of the Academy 
and 74 British scientific workers went to Poland at the 
Academy’s invitation, 


The American Academy of Arts and Sciences 


THe Records of the Amerwan Academy of Aris and 
Sciences, 1962-63, comprises the usual lsts of officers and 
commuttees, lists of members by classes and alphabetical, 
including new members elected on May 8, 1963, the 
statutes, records of meetings 1962-63, and the annual 
reports of committees (Pp 152 Boston, Mass American 
Academy of Arts and Sciences, 1963) The last-mentioned 
section includes one from the Committee on Pugwash 
Conferences on science and world affars The sub- 
committee for mternational conferences has been recon- 
stituted as a new full Committee on Pugwash Conferences 
on Science and World Affairs with a Sub-Committee on 
Informal International Conversations among Scientists 


The National Museums of Southern Rhodesia 


THe National Museums of Southern Rhodesia melude 
three museums, m Bulawayo, Salsbury and Umtal The 
year 1962 witnessed the completion of the buildmg pro- 
gramme of the Museums of Southern Rhodesia maugurated 
in 1960 (Report of the Trustees and Durectors of the 
National Museums of Southern Rhodesia for the year 
ended December 31, 1962 Pp 22 Salsbury and 
Bulawayo National Museums of Southern Rhodesia, 
1963) At the present time, there are new museums ın all 
three centres The full programme has cost £450,000 and 
the raising of this amount m a tıme of financial stringency 
has been no mean achievement The generous assistance 
of the big Mining Corpoiations, the State lotteries and 
Municipal contributions made this possible Pre-occupa- 
tion with the building projects has of necessity meant the 
curtailment of the usual field-work and research activities 
Many of the recommendations of the three Fulbmght 
Scholars who were at the Museum in 1961 have come to 
fruition These melude the re-stockmg of the National 
Parks where wild-life no longer existed, the utilization 
of wild-hfe as a source of protem, and the establishment 
of a postgraduate course on wild-hfe conservation at the 
University College 


Simplified Gas Chromatography 


THe ‘Junior’ gas chromatograph produced by Messrs 
Gallenkamp 18 a robust instrument designed specrfically 
for teaching purposes but with a performance adequate 
for any routme mdustrial appheations The new apparatus 
18 expected to satisfy all the requirements of unrversitires 
and technical colleges in which the theory of gas chromato- 
graphy 1s combined with practical work Both gases and 
hquids with boiling pomts up to 80° C can be analysed 
The sample 1s mtroduced by syrmge on to an unheated, 
general purpose, coiled silicone column The thermistor 
katharometer 1s powered by a long-hfe battery and 18 
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very stable and extremely sensitive Peaks may be 
plotted ether by using a galvanometer or by the recom- 
mended 6-in strip chart recorder The detection hmuit of 
the katharometer is about 10~’ g and chromatograms can 
be obtained from about 10 pl liquid or 05 ml gas 


Radioactivity in Drinking Water in the United Kingdom 


TEE report entitled Radsoactivity in Drinking Water m 
the United Kingdom. 1962 Hesulis gives measurements 
made under the Government’s programme for monitoring 
radioactive fall-out m drmkmg water (Pp 24 London 
HMSO, 1963. ls 9d net) Inke the previous four 
reports in the series, 1b contains the radiostrontium and 
radiocesium results obtamed, and, ın addition, details 
are included of investigations mto the levels of other 
fission products ın drmking water Because of the nuclear 
weapon tests during 1961, the amount of strontium-90 
in drinking water rose above the 1961 level to about the 
1959 level (whıch reflected the results of tests made 
during 1958) The concentrations of strontium-90 and of 
cesium-137 were measured regularly in twenty-four 
public drinking waters Practically no concentration was 
found in deep well waters at Brighton and Wolverhampton. 
and low concentrations m the Folkestone supply In the 
river-derrved waters the average level of strontium-90 
was 0 36 pe /l, but m the water derived from the chalk 
stream of the River Itchen at Southampton the concen- 
tration was again much lower, 0065 pc /l. The average 
daily ingestion of strontium-90 and cæsium-137 18 estim- 
ated at 041 pe per person and 016 pe per person, 
respectively These amounts represent less than 5 per 
cont and 1 per cent, respectively, of the average daily 
intake of these radionuclides ın the diet It has been 
confirmed that strontzum-90 1s the most important of the 
fission products in drmkmg water to be determmed and 
that when the levels of 1odine-131 rose m mulk during 
1961 and 1962, followmg the commencement of nuclear 
tests, the mse m drmking water was negligible 
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Assay of Strontium-90 in Human Bone in the United 
Kingdom 


In its Monitoring Report Serves, the Medical Research 
Council publishes, at six-monthly mtervals, the results of 
analyses of strontium-90 in human bone samples, mainly 
from subjects who have died durmg the period under 
review The analyses are carned out by the Atomic 
Energy Research Establishment and by research workers 
in Glasgow and Cambridge No 6 in the Series surveys 
results for the first half of 1962, and No 7 for the second 
half (No 6 Assay of Stronteum-90 ın Human Bone n the 
United Kingdom: Results for 1962 Part 1, with some 
Further Results for 1961 Pp m+15 No 7 Results for 
1962 Part 2 Pp u+17. London HMSO, 1963 
ls 6d net each part) In No 6 there are some results for 
1961 representing the first instalment of a new project 
designed, m collaboration with the West London Coroner's 
office, to give information about the population of London 
and its environs During 1962 there was no survey of 
bone samples obtained through the Coroner, but analyses 
have been resumed during 1963 and will be reported next 
year The average amounts of strontium-90 in bone were 
approxunately the same for all age groups durmg the 
first half of 1962 as previously, but an merease in the level 
was observed in samples from new-born (including still- 
born) infants and children aged 0-4 years in both the 
Atomic Energy Research Estabhshment and the Glasgow 
records for the period July-December 1962 The rise, 
which has been delayed longer than expected, 1s a result 
of the nuclear weapon tests carried out in the autumn of 
1961 For the infants the average amount of strontium-90 
was 137 pe /g calcium, that 1s, 1 37 strontium units and 
2 5 for children ın the 0-4 age group, compared with 0 78 
and 1 34, respectively, for the correspondmg period m 
1961 The highest value recorded durmg the year was 
75 strontium umts, but this value 1s suspect, and ex- 
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cluding this result tho highest value is 3 6 units compared 
with 35 of the previous year At the end of July 1962 
analyses of bone at Cambridge were discontinued The 
reports contain summary tables giving details of the 
samples and the results of their analyses, together with 
the types of counter and counting methods used 
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Relief-radiography of Bladder Tumours 


A METHOD of relief-radiography of bladder tumour by 
means of a 76 per cent solution of ‘Urografin’ has been 
described by Prof Naotomo Oka and Tadashi Kato, of 
the Department of Urology, Nagoya City University 
Medical School, Japan (Nagoya Medical Journal, 8, 3, 
December 1962) The method is simple to operate and 
the shadow or contour of the bladder tumours is clearly 
shown up The method 1s suitable for displaymg other 
disorders of the bladder, such as prostatic tumours, 
trabeculation and uregularities after operations 


Experimental X-ray Crystallography 


AN international summer school m “‘Experrmental X-ray 
Crystallography” wil be held m Castel Tenno, Riva del 
Garda, Italy, durmg August 31-September 12, 1964 It 
will consist of a course of lectures and demonstrations 
mtended for crystallographers concerned with single 
crystals Only a shght acquaintance with the subject 
will be assumed and all subject-matter will be treated 
in 2 fundamental manner Attention will be directed to 
the orientation of crystals by various photographic and 
diffractometer methods For this purpose the theory 
and apphecation of the ste:eographic projection and of the 
reciprocal lattice will be dealt with The treatment will 
start from the simplest and finish with the most general 
problems The theory of the use of diffiactomoeters, 
particularly the main automatic types, will be explained, 
and m the demonstrations the student will interpret 
data obtamed from such instruments and work out pro- 
grammes for transfer to digital computors These pro- 
grammes will mclude the various corrections which are 
essential The use of photographic methods for the 
examination of the mtensity of X-ray reflexions will be 
discussed and also the possibilities and limitations on the 
use of microdensitometers Students will not use X-ray 
diffraction apparatus though some mstruments will be 
available for purposes of demonstration The lectures 
will be given by Dr W A Wooster, formerly of the 
Department of Mineralogy and Petrology, Cambridge, 
and he will be assisted ın the demonstrations by Dr 
Nora Wooster, Mr A M Wooster and Mr G A Wooster 
The lectures will be given ın English, but provision will 
be made for those who indicate their wish to use French 
or German The inclusive charge for the course of lectures 
and demonstrations will be 115 dollars, or 110 roubles, or 
70,000 It hre, or £40 This sum does not melude hotel 
charges Those mterested should apply to Dr W A 
Wooster, Brooklyn Crystallograpme Laboratory, Botwis- 
ham, Cambridge, and a second notice will be sent to all 
who indicate their wish to jom such a course not later than 
January 7, 1964 


University News’ Birmingham 


Tae followmg appomtments have been announced 
Lectureships Dr G M Butler (botany), Mr D A. 
Jones (genetics), Dr A Macdonald (chemistry), Dr 
C J Beevers (physical metallurgy), Dr H O Berktay 
(electrical engmeermg), Dr R J Bland (electrical 
engineermg); Mr M <A _ Brebner (computing ın the 
Department of Mathematical Physics), Dr H Kahszer 
{mechanical engmeermg); Dr R Lazenby (computing 
m the Department of Mathematical Physics), Mr H C 
Wilkie (pure mathematics), Research Fellowships Dr 
N Baggett (Impenal Chemical Industries Research 
Fellow in the Department of Chemistry), Dr C A 
Barson (Semor Research Fellow in the Department of 
Chemistry), Dr P S8 Dobson (physical metallurgy), Mr 
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J W Edmgton (physical metallurgy), Mr W J Feast 
(chemistry), Mr C I Harris (biochomistry), Mr I R 
Harris (physical motallurgy), Dr M H B Hayes (Senior 
Research Fellow in the Department of Chemistry), Mr 
B E Job (chemstry), Mr C D. Lewis (engmeermg 
production), Dr G S Prosser (chomustry), Mr J W G 
Wilson. (electron physics), Mr D A Woodford (physical 
metallurgy), Mı G A Young (geology). 


St. Andrews 


THE following appomtments to lectureships have been 
announced (1) St Salvator’s College, P E Gibbs 
(botany), Dr R B Thomas (theoretical physics), Dr 
J R MacCallum (chemistry), Dr H C McGregor (zoo- 
logy) (2) Queen’s College, Dr C R Allen, Dr W K 
Busfield, Dr J W Falconer, Dr P A Warsop and Dr 
T J R Weakley (chemistry), R J Jarvis and Dr 
R M Dicker (mathematics) Dr R Foster has been 
appointed senior lecturer m chemistry at Queen’s College 


Announcements 


THe followmg have been appomted trustees of the 
British Museum (Natural History) Prof O M B 
Bulman, professor of geology, University of Cambridge, 
Prof H G Callan, professor of natural history, Univerarty 
of St Andrews, and Sir Landsborough Thomson, charr- 
man, Executive Committee, Council for Nature 


ASYMPOSIUM on the “Utilization of Metallurgical Wastes” 
will be held at the National Metallurgical Laboratory, 
Jamshedpur, during February Further mformation can 
be obtamed from the Director, National Metallurgical 
Laboratory, Jamshedpur 7 


Tex fourth Rankine Lecture of the British National 
Society of Soil Mechanics and Foundation Engmeermg 
entitled “Long-term Stability of Clay Slopes” will be 
delivered by Prof A W Skempton at the Institution of 
Civil Engimeers on February 5 Further mformation can 
be obtained from the Secretary, Biitish National Society 
of Soil Mechanics and Foundation Engineering, Institution 
of Civil Engineers, Great George Street, Westmunster, 
London, S W 1 


A SYMPOSIUM on “Neutron Dosimetry for Radiological 
Purposes’, arranged by the Institute of Physics and the 
Physical Society on behalf of the Jomt Health Physics 
Committee, will be held at the Royal Aeronautical Society, 
London, on January 24 The symposium will include 
five main sessions the mteraction of neutrons with tissue, 
flux and energy measurement, determmation of absorbed 
dose ın tissue, measurement of dose equivalent (formerly 
RBE dose), dosumetry of high-energy particles Further 
information and forms of application can be obtained 
from the Admunistration Assistant, Institute of Physics 
and the Physical Society, 47 Belgiave Square, London, 
SW 


ERRATUM Certain errors were made ın the obituary 
notice of Prof J F Piccard (Nature, 199, 229, 1963) 
Prof Piceard’s widow, Dr Jeannette Piccard, writes as 
follows ‘Jean recerved an honorary Dr Se degree from 
Jamestown College, North Dakota, m 1957 He also 
received an honorary DrSc from the University 
of Southern Ilmoi ın 1959 He never received an 
honorary degree from the Unrversity of Strasbourg nor 
the United States Distinguished Service Award Auguste 
Piccard, Jean’s twin brother, recerved the degree from 
Strasbourg ın 1932 Jacques Piccard, the son of Auguste, 
received the US Distinguished Service Award m 1960 
The American Meteorological Society honoured Jean, not 
for his scientific balloon flight but for the mvention 
design, and construction of the modern plastic balloon 
so widely used as a research tool to-day He did this 
with a research grant of 600 00 dollars from the University 
of Mmnesota in 1936 It ıs easy to confuse the many 
accomplishments of the different members of the Piccard 
family i 


942 


NATURE 


December 7, 1963 


VOL. 200 


MARINE ECOLOGY AND PALACOECOLOGY 


5 O provide discussion between botarusts, zoologists 
and palzontologists on subjects of mutual interest 

by comparmg analogous livmg and fossil assemblages” 
was the principal purpose of a symposium on marine 
ecology and paleoecology which was held by the System- 
atics Association in the Department of Zoology and 
Wadham College, Oxford, durmg September 24-26 The 
meetings were attended by about 130 people, of whom 
just more than half were paleontologists, and there was 
useful mterchange between disciplmes that enjoy far 
too httle contact 

The first paper was by Prof O.M B Bulman (Cam- 
bridge), who discussed the mode of hfe of the extinct 
non-dendroid graptohtes A pelagic habit ıs ummeduiately 
suggested by (1) their wide distribution (m some cases 
almost world wide), (2) their occurrence m all types of 
matrrx, (3) thew most characteristic occurrence m black 
shales which seem to represent deoxygenated bottom 
mud lackmg ım benthonic organisms There appeared to 
be very httle concrete evidence of attachment of the 
‘true’ (non-dendroid) graptolites to floating weed, or of 
common floats for synrhabdosomes which had been pos- 
tulated by Ruedemann A variety of buoyancy devices 
had been attmbuted to them, such as vesicles, webs 
between the branches and, m some, triple-vaned struc- 
tures at the end of the nema Prof Bulman suggested 
that, of the various possible buoyancy mechamsms, the 
most likely ın the majority of graptolites was the presence 
of gas bubbles ın the soft tissue which ıs now generally 
accepted as covermg the graptolite skeleton in life 

In the discussion which followed, Mr C W Wright 
(London) suggested that the three-vaned structures, said 
by some to be buoyancy devices, were more hkely to be 
attitude-mamtaiming devices, paiticularly since the pos- 
ture of most graptolite rhabdosomes appear to have been 
Inghly mportant 

Sumular evidence of a pelagic mode of life was presented 
by Dr R P S Jefferies (British Museum (Natural 
History) ), for the Jurassic lamellibranch ‘Posidonia’ He 
considered two species, Bosira buchi (= Posidoma ornate 
et P alpina auctt ) and ‘Posidonia’ radiata (=P bronna 
magna auctt) Like graptohtes, they commonly occur m 
black shales with few benthonie associates, but also occur 
sporadically ın Jimestones and sandstones with much 
benthos This strongly suggests they were not benthonic 

Granted this, Dr Jefferies thought that both were 
probably pelagic swimmers, rather than living attached 
to flotsam Thus, in B buch there was an anterior and 
postelior gape, suggesting swimming ability by analogy 
with Recent relatives, no sign of attachment in the shell 
outline at any growth stage and a shell thickness (60u) 
comparable with Recent pteropods 

A nekto-pleanktonie mode of life for ‘P’ radiata was 
suggested by Hauff’s observation that 1t became abundant 
when normal benthos disappeared but that 1t was then 
much more abundant than such ‘benthos’ as Ostrea, 
Inoceramus dubius and Pentacrenus that occurred attached 
to driftwood 

Swimming ability might be primitive in scallops, since 
Recent Lima and Pecten both swim m much the same 
way and also early Pectinacea, were probably active 
as they have few epizoa and the shape of the shell some- 
times suggested swumming ability 

After the paper, Prof © M . Yonge (Glasgow) 
commented that Recent scallops could swim only 
mtermittently Dr Jefferies rephed that experiments 
suggest that a pelagic mode of life for ‘Posdoma’ was 
as feasible as for a Recent pteropod 


Mr N Tebble (London) was sceptical of the evidence 
for a pelagic habit ın ‘“Posidonw’, remarking that there 
was just as much evidence that the sand-lving species 
Telnna tenws ıs planktonic, which it certainly 1s not 
Dr Jefferies rephed that ıt was facies that showed that 
‘Posidond was not benthonic 

Dr J A Allen (Cullercoats) pomted out that there 
was often an epifauna on Recent Chlamys septemradiata, 
& good swimmer Dr Jefferies replied that perhaps early 
Pectinacea were even more active than the species 
cited 

Turning to a study of hvmg forms which 1s proving 
of particular mterest to paleontologists, the meeting 
heard & paper by Dr E J Denton and Dr J B Gipu- 
Brown (Plymouth, and the University of Auckland, New 
Zealand) on the buoyancy of Sepa and Nautilus They 
showed that Sepia changed its specific gravity according 
to the light, and was more buoyant at night time This 
buoyancy 1s controlled by changes m the relative gas 
and haud spaces ın the chambers of the cuttle bone In 
the older chambers the gas pressure 1s always about 08 
atmospheres whatever the depth, but the liquid inside 
the chambers becomes less saline as depth mereases, 
indicatmg an adjustment of osmotie pressure as a buoy- 
ancy control In adult Nautdus, the gas pressure in all 
chambers ıs always about 09 atmospheres, and the 
buoyancy control ıs effected by varying the hqud content 
of the last-formed chambers The problem remained as 
to how the hquid was removed from these chambers, 
since the septa are impermeable and ın the newest cham- 
bers the siphuncle is not m contact with most of the 
hquid when the animal is m 1ts normal swimming position 
Dr Denton and Dr Guilpm-Brown suggested that the 
explanation lay ın a special wettable layer on the mside 
walls of the chambers This layer functions ın the manner 
of blotting paper, holding liquid which once touches it 
and transporting ıt to the living tissue of the srphuncle 
which then pumps 1t, by way of the cuculation, out of the 
chambers The hquid almost all disappears by about the 
fourth or fifth chamber behmd the ammal proper 
Further work 1s needed on the pumpmg mechanism, since 
some cephalopods, such as Spirula, can certainly go deeper 
than 240 m, which 1s the lmit set by a pump using simple 
osmosis 

A complementary paper on fossil cephalopods was given 
by Mr © W Wright (London), who discussed present- 
day knowledge of ammonite ecology and systematics He 
emphasized how great were the gaps m our knowledge of 
what was thought of as a ‘well-known’ group even then 
attribution to the Tetrabranchiata could not be regarded 
as proved Mr Wright pointed out that modern cephal- 
opods occupy a wide range of ecological niches and there 
was reason to think that the ammonites may have done 
the same Although generally supposed to be free- 
swimming, buoyant forms, there were even examples of 
ammonites with asymmetrical sutures and siphuncles 
which may well have lam on one side on the bottom like 
flat-fish 

Recent evidence from the United States of assemblages 
of up to 400 individuals in isolated doggers suggests original 
gregarious associations, and Mr Wright compared this 
with the breeding swarms of certain hvmg cephalopods 
which migrate en masse and are very sensitive to tem- 
perature and salinity Such a tendency for associations 
in ‘schools’ might help to explain the problem of the 
rapid evolution of the ammonites, since a mechanism 
was required for the isolation of parts of a population as 
an agent for speciation 
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Mr. Wright contrasted the supposed two mam stocks 
of Mesozoic ammonoids_ the smooth, thin-shelled, ‘open- 
sea’ forms such as Phylloceras and Lyioceras, and the 
ornamented, thick-shelled, ‘inshore’ forms which con- 
stitute the majority The slow evolution of the former 
might be due to random oceame distributions, with little 
splitting up of the populations, while the more rapid 
evolution of the inshore forms might have been permutted 
by a combination of the diversity of habitats available m 
the inshore regions and the habit of associating in ‘schools’ 

Rapid evolution and the repeated production of cortam 
morphological types, such as the oxycones which turn up 
m many famubes, necessitate a fragmented classification 
Mr Wright concluded by pomtmg out that ammonite 
classifications, which can at best be only expressions of the 
present state of knowledge, must be regarded as experi- 
ments, to be tested against new mformation and material 

A second important theme of the meeting was the 
relationship between the distribution of various marme 
animals in present-day seas and that in the fossil record 
Mr Norman Tebble (British Museum (Natural History) ) 
described the distribution of certen present-day zoo- 
plankton, notably among the pteropods and polychetes, 
which particularly show a spocrficrty to certam water 
masses He emphasized that temperature and salinity 
were among the prmeipal controlling factors, with the 
greatest changes in distribution occurring at the surface 
hydrological boundanes, the Sub-Tropical Convergence, 
the Secondary Polar Front and the Antarctic Convergence 
He demonstrated a marked asymmetry m the distribu- 
tions For example, among the pelagic polychetes of the 
Atlantic Ocean three were endemic to the Antarctic 
waters, sixteen extended from the Sub-Tropical Con- 
vergence to the Secondary Polar Front and two of these 
contmued mito the high boreal waters of the North 
Atlantic where there were no endemic species 

In discussion, Dr W J Fry (London) remarked that 
the distribution of the pycnogonids, entirely benthonic. 
appeared, from available records, to parallel very closely 
the distribution of polychetes ın oceanic waters, and he 
thought this simiularmty agam underlined the caution 
necessary in ascribing particular types of aggregation to 
particular modes of hfe 

Dr C. Edwards (Mulport) also deseribed modern dis- 
tributions, with particular reference to the amphipod 
crustacea, notably ‘Gammarus’ (sens lat), which have 
spread into brackish and fresh water Lake Baikal, the 
Caspian and the Black Sea were probably populated with 
representatives of this genus from the open sea during 
the Tertiary era They have numerous endemic species, 
but these are still morphologically close to marie forms 
On the other hand, the well-known freshwater shrimp 
G pulex has probably had a longer freshwater history 
The re-opening of the Black Sea to marme conditions has 
had the effect of driving the endemice species back mto 
brackish water lagoons, deltas and river-mouths Chaeto- 
gammarus tenellus has ascended the Volga, the Danube 
and the canals of eastern Europe, and descended the 
Vistula to Gdansk becoming adapted en route to fresh- 
water conditions, but will not descend into the brackish 
rango at the mouth of the Vistula Perhaps competition 
with native brackish species in the Baltic hrwts its dis- 
tribution G@ locusta, which ıs purely marmo around the 
British Isles (where the brackish habitats are occupied 
by two other species), does go mto the lower salinities of 
the Baltic, bt 1s probably il-adapted to finctuating 
salinities but can adapt to constant low salinities 

Dr Edwards suggested that it was a general rule that 
if species have become adapted to lower salinities they 
would not re-adapt themselves to fully marme conditions 
again if they could avoid doing so by entermg brackish 
localities such as rrver-mouths and lagoons. After the 
paper there was some discussion about how this rule 
apphed m the fossil record, particularly among the 
invertebrates Dr Edwards considered that an important 
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factor was the longevity of marme environments com- 
pared with short-lived local freshwater habitats 

A. third paper which concerned itself with distribution 
through time as well as space was one by Dr F T Banner 
(British Petroleum Co, Ltd ) on heterochronous homeo- 
morphy ım the Globigermacea These wholly marine 
planktonic Foraminifera range m age from Lower Creta- 
ceous to the present day and are found im all parts of the 
world Dr Banner produced numerous examples of 
Recent forms in which the tests are homeomorphic with 
those of distantly related Tertiary species Homeomorphy 
occurs particularly m species of Globigerina and Globo- 
rotala, the geographical distribution of fossil forms was 
often parallel to that of ther present homeomorphs, 4 
relationship that may be of palzoecological significance 
Thus, unkeeled Globorotalia (Turborotalia) scitula, of wide- 
spread Recent occurrence, parallels the wide geographic 
distribution of foss) G (F) foksi barranensis, while 
heavily keeled G. (G) tumida, which 1s recorded only 
within 20° N and S of the equator, 1s equally similar 
to the Miocene G (G ) lobata robusia, a form of hmuited 
geographic range within the tropics Bandy has suggested 
that keeled Globigermacea may be mdicatıve of tropical 
and warm areas in the Cretaceous as well asin the Camo- 
zoc, and noted an apparent relationship between the 
distribution of keeled Globotruncana and paleotempera- 
tures as estimated by Urey and others More rocent 
discoveries of heavily keeled species of Globotruncana in 
the Maestrichtian of Denmark and Sweden do not, how- 
ever, appear to support his hypothesis of such dications 
of a general climatic cooling at the end of the Cretaceous 

Another example of homeomorphy was provided by 
the development of chamber-elongations m almost all 
groups of the Globigermacea independently Eocene 
Hantkemna and Cretaceous Schackoiwna, both possessing 
superficially similar narrow spine-lke processes, had 
a wide geographical distribution, but other homeomorphic 
groups, such as the clavate Hastigerinella (Recent) and 
Schackowna (Cretaceous), appear to have a restricted geo- 
graphic distribution Generalizations, although hazardous, 
might be made to suggest that, relative to a morphologic- 
ally sumple and geographically widespread ancestral stock, 
the moie elaborate the test, the more restricted became 
the habitat of the morphologically most advanced species 

Combming his investigations of both ancient and 
modern brachiopods, Dr M J § Rudwick (Cambridge) 
discussed the development of protective devices m 
various articulate groups As with the Globigerinacea, 
Dr Rudwick was able to produce numerous examples of 
deceptively close convergence He quoted the classic case 
of the Middle Triassic spiriferoid Teéractenella and the 
Upper Jurassic terebratuloid Chezrothyris In this case 
he suggested that the promment projections on the shells 
served to carry the mantle margin outwards as an ‘early 
warning’ device This fitted m with observations on the 
extreme tactile sensitivity of the mantle edge m modern 
brachiopods Simudrly, the hollow spmes of such rhyn- 
chonelloid genera as Acanthothirts might have been 
another early warning system 

Dr Rudwick then described his extension of the pre- 
war work of Herta Schmidt on the zigzag margins which 
are present m many brachiopods, and the probability of 
their having functioned as filters to prevent the entry of 
over-large grains into the shell These zigzag margins 
developed m several different ways durmg ontogeny, 
suggesting that they were evolved mdependently m 
different groups One vanity, which 1s associated with a 
distinctive pattern of shell ornament, was itself apparently 
evolved three times, m the Devonian genus Nayunella 
(= Yunnanella auctt), the Jurassic Renmurhynchia and 
some species of the Cretaceous Cyclothyris Al] varieties 
of zigzag margins disappeared at the end of the Mesozorw 
and are unknown in Camozore or hvmg brachiopods Dr 
Rudwieck .mentioned, however, that a few liwmg species 
possess another kind of protectirve.device the edge of- 
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the shell 1s ‘guarded’ by rows of sensitive setæ Grooves 
along the margins of many fossil brachiopods probably 
indicate the positions of setze which had the same function 

The final morning of the meeting was devoted to papers 
and discussion of ancient and modern reefs The first 
paper in this session was by Dr 8 A. Wamwright (Cali- 
fornia) on modern reef coral associations He started by 
emphasizmg the need for more quantitative field studies 
of associations He discussed the various organisms 
which directly affect coral morphology, such as bormg 
green algae, symbiotic zooxanthellae and predators among 
the polychetes, gastropods, asteroids, cirripedes, crabs 
and fishes. One particularly good example was the 
parrot-fish which eats living coral on the open parts of 
the reef, and Dr Waimwright suggested that paleonto- 
logists should look out for such features as the teeth marks 
of fish and gastropod scars (which are often specifically 
determmable) in fossil coral reefs 

Dr Wainwright next considered the distribution of 
corals on the reefs, taking Fanning Island, in the Central 
Pacific, as an example He showed graphically the 
increase in number of species and growth-rate from the 
reef flat to the edge of the reef slope, at about 10 fathoms, 
though with a marked break over the reef ridge, where 
only algae survive m the heavy surf Normally, in areas 
of heavy surf many corals are broken and rolled about, 
and the consequent abrasion provides many a habitat for 
bormg sponges, gastropods and, of course, new corals 
Coral fragments and even blocks up to a ton or so are 
carried up the reef and thrown on to the beach by wave 
action On the slope immediately below the ridge there 
are only massive encrusting corals, but these pass down 
into the more fragile branching types at the bottom of 
the slope 

Dr Wamwright ended by appealing to biologists to 
examine reefs and their associations in even greater detail 
so that not only would the dynamics of reef-bwilding and 
reef ecology be more clearly understood but also the sort 
of information available to the paleontologists would be 
greatly enlarged From the paleontologists’ pont of view, 
what is desired 1s more information about coral associa- 
tions in present-day seas, the biological role of their 
association and the effects of the associations on the 
growth pattern of the coral skeleton The weaknesses 
mherent in the act of extrapolating from living to extinct 
olganisms are greatly reduced when one deals with 
species-specific associations the manifestations of which 
are equally specific, or associations which me ‘area 
specific’ in relation to the whole coral reef 

Mr G F Elhott (Iraq Petroleum Co) turned to the 
other important constituent of reefs m his paper on past 
and present calcareous algae He pointed out that cal- 
cifying algae at the present day are distributed among 
many groups and that some fossil ones are simular to hving 
forms which are not calcified. Ther maximum develop- 
ment is found in warm waters and they show a great 
variety of form There are the delicately beaded types 
with light caleification, characteristic of the green algae, 
there are the thread-hke masses within the sediment of 
the blue-green algae, and there are the massive, heavily 
calcified structures of the red algae The fronded forms 
all occur in sheltered waters The very common green 
alga Halymeda, for example, 1s very abundant m. lagoons 
and also occurs (though less commonly) on the lower part 
of the reef slopes, down to considerable depths On the 
other hand, the massive 1ed algae, for example Inthotham- 
nium, are particularly mmportant on the exposed parts of 
modern reefs These algae also perform an even more 
important function ım binding together reef debris Their 
tremendous growth-rate makes up for breakage by the 
surf, and Dr Wamwright, in discussion, added that ıt has 
been estimated that algae extract calcium carbonate from 
the sea-water up to 100 tres faster than corals 

In the fossil record, Mr Elhott pomted out, an mpor- 
tant consideration 18 the rapid diagenesis of algal calenfica- 


NATURE 


December 7, 1963 vor. 200 


tions. This 1s partly due to the fact that the carbonate 18 
laid down as fine particles (not in lamme, as m other 
calcareous organisms) and also due to the high proportion 
(up to 18 per cent) of magnesium carbonate sometimes 
present, which leads readily to the process of dolomiutiza- 
tion many beds of dolomite are probably algal m 
origin. 

Mr Elhott then summarized the fossil record of cal- 
careous algae from Precambrian times onwards He 
directed particular attention to certam points, notably 
the umportance of the blue-green algae m the early part 
of the record, the rarity of algae m the Devonian reefs 
and the great importance of algae m Carboniferous and 
Permian reefs as compared with the Mesozoic The coral- 
hne algae appeared in the Upper Cretaceous and came to 
dominate the reef envuonment m Tertiary times 

Prof M lLecompte (Brussels) discussed the building 
organisms of the Devonian reefs of Belgium, ther eco- 
logical characteristics and bathymetiical distribution. He 
confirmed Mr Elhott’s observations on the rarity of 
algao m Devonian reefs, apart from the problematical 
Stromaiactis, but he demonstrated clearly the regular 
succession of forms which are seen repeatedly m both 
bioherms and biostromes, and which can be related to 
the depth and turbulence of the water He emphasized 
the long-term nature and wide extent of reefs ın Belgrum 
and adjacent areas, clearly the result of a rhythmic 
epeirogenic control, which repeatedly brought the ses- 
floor to the right depth for reef growth The reef periods 
alternate with periods of shale deposition, and each time 
& succession can be traced through (1) a ‘deep-water’ 
zone, (2) a ‘quiescent’ zone, (3) an ‘infra-turbulent’ zone, 
(4) a ‘sub-turbulent’ zone; (5) a ‘turbulent’ zone Each 
of these 1s characterized by a particular suite of fossils 
The deepest zone shows a dominance of brachiopods, 
notably stunted variants of forms which occur also in 
other bathymetric zones These are followed upwards by 
the appearance of first solitary and then massive corals 
Tabulate forms, such as Alveolites and Thamnopora, are 
the mam builders in the ‘infra-turbulent’ zone, but 
several of them apparently could not live ın the rougher 
water Many other forms also appear, such as bryozoans 
and sponges Lamellar stromatoporoids come in very 
strongly in the ‘sub-turbulent’ zone and are replaced by 
massive stromatoporoids in the ‘turbulent’ Stromato- 
poroids were apparently excluded from muddy environ- ` 
ments, but the pure limestones of the ‘turbulent’ zone are 
largely composed of these organisms, associated with a 
wide variety of other groups, such as corals, brachiopods, 
erinoids (which are usually underestimated) and Stroma- 
tactis The last-named was probably very important, but 
is usually not preserved 

The final paper of the meeting was by Dr W §S 
MecKerrow (Oxford) on some local Jurassic coral reefs 
This wag an introduction to an excursion that was held 
ın the afternoon Dr McKerrow described two horizons 
at which corals were found in hfe position In the Upper 
Oxfordian ‘“Corallian’ beds (Upper Jurassic) branching 
corals were to be seen thus near Farmgdon, Berkshire 
The reef rock around Oxford, known as the Coral Rag. 
1g contemporaneous with the detrital Wheatley Limestone 
which 1s composed. of reef debris The other coral occur- 
rence was in the Great Oolite Series (Middle Jurassic) at 
Witney. Oxfordshire The corals m these earlier beds 
have been attributed to five different genera, belonging, 
m the latest classification, to three different sub-orders 
Dr McKerrow showed by means of actual specimens that 
there were transitions between the different types The 
simple Montlwala clearly passes mto the branchmg 
Thecosmiha, and among compound massive types Isa- 
straea (with walls between the coralltes) passes mto 
Thamnasterra (m which the walls have disappeared), and 
the latter (with solid septa) passes mto Microsolena (with 
perforate septa) These passages could be seen m the same 
colonies, with the septa n direct continuation It appeared 
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that the taxonomy of these forms was based (at least ın 
this case) on phenotypic rather than genotypic characters 

The excursion m the afternoon, led by Dr McKerrow 
and Di H G Reading, visited first an exposme of the 
Great Oolite at Crawley Road Quarry, Witney, where 
members saw a Bradford Fossil Bed recf in the Forest 
Marble The presence in this reef of remains of all animal 
groups except cephalopods suggests a shallow lagoon m 
which the wate: was too turbulent for cephalopods The 
second quarry visited showed a ‘Corallian’ reef at Shelling- 
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ford Cioss Roads Quarry, neai Farmgdon, where members 
saw patches of massive corals m early layers give way to 
mainly loosely-branching corals higher up, suggesting an 
merease’in the depth of the water at this particular 
locality with tune The detrrtal Wheatley Limestone m 
this quarry was seen below the Coral Rag 
In the course of the symposium special thanks weie 
expressed to Prof J W S Pringle for entertainmmg the 
meeting at Oxford D V AGER 
D NiIcHOLS 


j FOREST RESEARCH 


ANY factors influence the giowth of forest trees, 

and these factors cover a particularly wide range 

when the practice of forestry ıs largely concerned with 

afforestation, and the use of exotic trees Thus ıb 1s easy 

to understand why forest research in Britain 1s so compre- 

hensive This is certamly shown by the numerous projects 

described in the annual report of the Forestry Commission 
for the year ending March 1962* 

Where so much dependence 1s placed on seed supply 
for ensuring the large planting programme provenance 
anc genetics are very important Not only are vigorous 
trees wanted but also especial attention is bemng directed 
to those provenances which show tesistance to frost 
So that the forester may know where to obtain tree seed 
m Britan of the best of the existing varieties and culti- 
vais, the Registe: of Seed Sources has been brought up to 
date and ıt now contaims 535 classified seed sources 
totalling 8,833 acres Associated with this has been the 
work of converting the best seed sources into seed stands 
and thus improving the genetic quality of seed collected 
in. Britam 

Much attention 1s being directed to the study of soil 
moisture Deep peat remains a pioblem with its poor 
drainage, the physical mstability of the trees, the dificul- 
ties of timber extraction and not enough bemg known 
about the water and nutrient régimes of the trees 
There ıs another dramage problem on heavy clay souls, 
but some hope is seen ın umproved types of mechanical 
drain diggers 

Exposure is a limiting factor to afforestation on many 
sites in Britain, and ıt 1s not easy of assessment However, 
an imexpensive technique has been developed by using 
the rate of tatter of standard cotton flags set up for a 
pernod on the sites bemg studied An account of this 
method ıs to be published soon Wind damage ıs being 
examined from various aspects, and one project uses a 


wind tunnel to determime the 1elationship between wind 
velocity and the forces acting on a tree Another project 
utilizes the ‘tree-pulling’ technique to test the effect of 
direction of pull on tree resistance Both seres of experim- 
ents should bring out useful mformation, but they do not 
seem to take into consideration that trees in a forest are 
often subjected to gusts and turbulence and not to a 
steady force of wind 

The annual ieport for the New Zealand Forest Service t, 
covering the period January 1—December 31, 1962, shows 
an economic flavour Emphasis1s laid on the quality of the 
end-preduct so that utilzation will be the most profitable 
possible Hitherto, New Zealand’s high-grade tamber has 
largely come from its imdigenous forests, but these 
resources are now approaching exhaustion The tools at 
the disposal of the sylviculturist ın order to obtain a 
better proportion of good-grade timber fiom the exotic 
forests are pruning and thimnmg and, therefore, present 
mvestigations are attemptmg to relate pruning and its 
effect on grade enhancement and the relationship between. 
green crown depth and the density of the stand However, 
the importance of protection forestry 1s not being for- 
gotten More watershed surveys have been carried out, 
and some reveal conditions which are rather disturbing 
Active erosion and the resulting outpourings of detritus 
into streams may be largely due to 1ed deer, goats and 
opossums destroying the protective vegetation cover In 
some of the more accessible areas, hunters appear to exert 
sufficient control on the deer numbers and so the vegeta- 
tion cover 1s m reasonable condition to give adequate 
protection agaimst soil erosion C J TAYLOR 

* Forestry Commission ‘Report on Forest Research for the year ended 


Seci 1962 Pp n +194+12 plates (London HMSO, 1963) 133 
ne 


+ New Zealand Forest Service Forest Research Institute Report of the 
Forest Research Institute, Rotorua, for the period January 1 to December 31, 
1962 Pp 86+9 plates (Wellmgton Government Prmters, 1963 ) 


RETURN OF THE NENE TO HAWAII 


ROM the beginnmg of the Wildfow! Trust’s attempts to 
rear the Hawauan geese, Branta sandvicensis, in. 1950, 
1t had been hoped that ıt would become possible to return 
the Hawan geese reared at Shmbridge The growth of the 
stock has been slow and some of the birds raised have been 
dispersed to other collections in Europe and North America 
m order to unerease the chance of mamtamung and devolop- 
ing flourishing stocks m captivity By 1960, however, 
enough geese had been reared to allow the return of some 
of the nenes to Hawan It was not until tho summer of 
1962 that this somewhat complicated and expensive 
operation could actually be carried out * 
The Division of Fish and Game, Department of Land and 
Natural Rosources of the State of Hawau, proposed that 
the Shmbridge-.eared geese should be used in an attempt 


* The Wildfowl Trust Fourteenth Annual Report, 1961-62 Edited by 
Hugh Boyd Illustrated by Peter Scott Pp 180+42 photographs (Shm- 
bridge The Wildfowl Trust, 1963} 17s 6d net 


to re-establish the species on the Island of Maui, where it 
had been extinct for many yeas A survey of the existing 
habitat on Maui in June 1960 showed that there were 
9,000 acros of excellent nene habitat and a further 30,000 
acres hkely to be of some value A release site was selected 
near Pahku within the Haleakala National Park There 
weie strong reasons for this choice the area at the upper 
end of the Kampo Gap provides excellent nene habitat 
with food throughout the year, ıt 1s remote, ensuring 
a minimum of disturbance to the birds ın the release pen, 
suitable accommodation exists for the people needed to 
caie for the birds 

In June 1962 thirty geose were despatched by ar from 
Shmbridge to New York They were taken to the US 
Federal Quarantine Station at Clinton, New Jersey, where 
they were held for 21 days They were then sent on by air 
freight to Honolulu There they were kept in the Zoo 
for three days to recover from the journey and were 
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given individually distinctive plastic leg bands On the 
twenty-sixth day they travelled by aw to Kahului, on 
Maui 

The Shmbridge birds consisted of 10 juveniles, 7 
one year old, 10 two years old, 2 three years old and 1 
four yearsold 17 were females and 13 males At Kahulw 
they were jomed by five juvenile females reared by the 
State’s Pohakuloa propagation project on Hawan The 
35 birds were put m hght-weight cardboard boxes and 
taken by lorry up to the mm of Haleakala Crater Here 
the boxes were loaded on pack boards and were carried 
on the backs of 23 Boy Scout volunteers 8 5 miles down 
into the Crater and across to the release pen at Pahku 
on the other side 

The release pen at Paliku encloses about an acre of 
good grass, on the edge of an ancient ‘aa’ lava flow The 
geese were released in the late afternoon of July 26 
As they were removed from the boxes, then clipped 
primaries were extracted so that new feathers would start 
to grow mmmediately The birds were given constant 
caro and supplied with native berries and scratch feed 
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daily They were also treated for coccidiosis and cecal 
worms—these parasites havmg been detected ım the 
feecal droppings of the flock There was much pecking 
and other signs of social adjustment for a week or so, but 
the birds soon sett'ed down 

The geese began making short flights withm the pen 
early in September The first flights out of the pen were 
seen on September 12, two Hawauan-reared birds being 
the pioneers The first Shmbridge bird did not fly out 
until September 17 By the end of the month, 27 out of 
the 35 were flymg a few hundred yards out of the pen, 
returning at dusk The Hawauan and English birds, 
though remamung ın distinct flocks within the pen, mixed 
very well outside ıt 

Earher experience with four separate releases, of 87 
birds in ajl, on the Island of Hawau, made with similar 
1elease pens, has shown that the geese wil gonerally 
roman in the viemity of the pen for several months It 
1s planned to make annual releases of nenes from the 
same pen in Haleakala Crater for at least two more years, 
a total of 100 birds being the arm 
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DAMAGE TO LIVESTOCK FROM RADIOACTIVE FALL-OUT 


N the event of nuclear war, one major problem for civil 
defence authorities would be the availabilty and 
mamtenance of food supplies One aspect of this prob- 
lem, the effect of fall-out on domestic animals, is con- 
sidered in a report, entitled, Damage to Investock from 
Radwoaciwe Fallout ın Event of Nuclear War, prepared 
by the Subcommittee on Livestock Damage of the 
Advisory Committee on Civil Defence, National Academy 
of Sciences—National Research Council, Washington? 
The object of the report is to present estimates of the 
biological effects of various levels of radiation exposure 
These estimates could be used by cıvıl defence planners, 
whose responsibility would be, first, to feed a population 
during emergency conditions mmmediately following a 
nuclear attack, secondly, to sustain a population durmg 
the subsequent recovery period, and, thirdly, to ensure 
an adequate maintenance of animal populations No 
attempt 1s made to present maximum permissible levels of 
exposure, since this concept 1s considered irrelevant under 
conditions of national emergency where famme and other 
hazards would far exceed those normally found in peace- 
time The report therefore deals mamly with the lethal 
effects of radiations received from external sources or from 
radioisotopes within, or on, the bodies of animals On the 
effect of external radiation, animals mvestigated melude 
cattle, pigs and poultry, and details are given of the clinical 
responses of these animals followmg radiation exposure 
Estimates are also presented of the mortahty and possible 
utihzation of food animals at different times after brief 
exposures to various doses of radiation For mammals, 
16 18 estimated that a dose of 350 rads would have only a 
negligible effect on salvageabihty, following a dose of 
750 rads, most animals could be salvaged durmg the 
first three days after exposure, but by the fourteenth day 
all animals would be unfit for use Estimates for poultry 
suggest that these animals are able to withstand slightly 
higher radiation doses than mammals 
The ingestion of radioisotopes may damage the health 
of food ammals, but may also render them unfit for 


human use because of the radioactive contamination. 
The report suggests that contamination should not be 
significant immediately after a nuclear attack but may 
become serious 1f food animals receive protracted exposure 
to contammation This factor might be more important 
for isotopes like cesium-137, with a general distribution 
in the body, than for 1odine-131 and strontium-90 which 
are concentrated in specific sites Jodine-131 in milk, 
however, may represent a hazard, particularly to young 
children An assessment of the suitability of contamin- 
ated- animals for human consumption would require 
knowledge of the amount and distribution of fall-out 
The report describes formule which could be used to 
estimate the probable human hazard on the basis of radio- 
active contamination of the food mtake of animals, it 
also suggests the use of certain foods, such as poultry, 
eggs and some marine animals, which would not be highly 
contaminated 

On the problem of stock maintenance, the repoit 
considers that radiation exposure would not be seriously 
harmful Data fiom a wide variety of adult animals 
showed no effect on fecundity from radiation exposures of 
400 rads One gap in the data, however, concerns the 
radiation sensitivity of young ammals Irradiation of 
pregnant animals produces abnormalities in the fœtus, 
but this would be’ of mimo. importance in stock mam- 
tenance Sumnularly, gene mutations would be unimpor- 
tant, particularly ın view of the high level of selection 
normal to animal husbandry 

Final chapters ın the report contain recommendations 
on methods for handhng animals which have been exposed 
to fall-out and suggestions on areas of investigations mn 
which research ıs urgently needed A series of appendixes 
present the basis on which estamates are made throughout 
the report and a comprehensive hst of references 18 also 
included C E Purpom 


* National Academy of Sciences—National Research Council, Washington, 
Pubheation 1078 Damage to Livestock from Radroactwe Fallout in Event of 
Nuclear War Pp vi+93 (Washington, DC  WNational Academy of 
Sciences—National Research Council, 1963 ) 2 dollars 


MUCUS IN INVERTEBRATES 


A GROUP of scientists interested ın mvestigations on 
“Mucus m Invertebrates” met on August 27, 1963, 
m Washington, DC, during the sixteenth International 
Congress of Zoology The session was organized for the 
Division of Invertebrate Zoology of the American. Society 


of Zoologists by Dr Sophie Jakowska, Food and Drug 
Research Laboratories, Inc , Maspeth, New York 

Twelve speakers, representing Australia, Brazil, Canada, 
Denmark, Sweden and the United States, discussed various 
aspects of slimy secretions of lower animals The subjects 
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issed, ae the speakers included: adhering surfaces in 
a and ‘starfish (Dr. Chaet, American _ University, 
hington, D.C.), mucus-like materials involved in 
ggsh Sy formation of trematodes (Dr. Clegg, Australian 
[ational University, Canberra), mucus of the giant slug, 
riolimax columbianus (Dr. Taylor, Albert Einstein 
fedical Center, Philadelphia), regeneration of mucus- 
roducing cells in the slug (Dr, Arcadi, Whittier College, 
ali: ‘ornia), mucus gland in the octopus (Drs. Gennaro 
Lorinez, University of Florida), mucous secretions in 
roid: taine, Victoria University, British 
olu umbia), and in crustaceans (Dr. Dahl, University of 
nd , Sweden, and Dr. Steeves, University of Alabama). 
cous substances of protochordates were described by 
Dr. Norrevang. (University of Copenhagen), Dr. Olsson 
ae (University of Stockholm) and Dr. Sawaya (University of 
-.. S8o Paulo, Brazil). The papers listed on the programme 
which were not presented included investigations on 
<: tarbellarians (Dr. Pedersen, University of Copenhagen), on 
-effects of photoperiod on mucus secretions of gastropods 
_. (Dr. Segal, San Fernando Valley College, California), and 
_ mucopolysaccharides in Molgula (Mrs. Bonnelly deCalventi, 
University. of Santo Domingo, Dominican Republic). 
-The participants emphasized the great variety of struc- 
_. tures in which mucoid substances originate, and their 
role under normal and experimental conditions. Opinions 
were expressed that, although there is relatively little 
information on the chemistry of such materials from 
- invertebrates, it is to be expected that they probably 
differ in chemical composition from each other, and from 
the typical salivary secretions of man and mammals 
which so. far have received considerable attention. The 
ultrastructure of mucus-secreting surfaces was demon- 
atrated by several speakers. 
The chairman urged the participants to exploit their 
$ familiarity with the widest variety of mucus-secreting 
organisms as natural working models of normal and 
abnormal conditions which cannot be examined with 
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equal ease in higher animals. These inves 
shed further light on the physico-chemice 
pathological mucous secretions, for example, su r 
occurring in cystie fibrosis. cae 
During the discussion, a number of EOR S remedied. : 
on the apparently high concentration of iodides in marine = 
invertebrates which normally secrete copious mucus, as 
suggested by the characteristic odour. Dr. Anna M. 
Bidder (University of Cambridge) pointed out tho value. 
of excised octopus gut for in vitro investigations on mucus — 
secretion. Dr. Fontaine — (Victoria ‘University, ‘British 
Columbia) mentioned a species of. starfish; commonly — 
found along the Pacific Coast, and valuable for 
abundant mucus they secrete and collect in a po 
structure. Other living systems of interest (fc 













or example, be 
hemichordate proboscis) were suggested | B8. models fore 
investigating rheological properties of mucus. The utility =-= < 
of common invertebrates noted for their slimy secretions ee 
(slugs, snails) was also stressed. er 

Since this informal symposium represented only Bee 
session of related papers during the Congress of Zoology, — 
full manuscripts are not published as part of the Congress. _« 
Proceedings. The chairman was, therefore, instructed to =o 
seek the most suitable means of publication in form of =. 
collected papers on mucus in invertebrates. Additional — 
papers and brief communications have been pledged by. 
other authors. The papers have been submitted. to the- 

New York Academy of Sciences for publication in the. 
form of Annals of the New York Academy of Sciences. A. 
previous monograph dealing with mucous secretions, 
including a few papers on mucus in invertebrates, appeared i 

in the Annals in March 1963. 

It is hoped that publicizing this meeting and the forth- 
coming publication will encourage others to workin ths = 
important field. A future meeting is planned for 1965. 
or 1966. Further information can be obtained from i 
Dr. Sophie Jakowska, Food and Drug Research Labora» 
tories, Inc., Maspeth, New York. 


NATURAL OCCURRENCE OF AMINO-ACIDS IN DOLOMITIC LIMESTONES 
CONTAINING ALGAL GROWTHS 


By Dr. J. S. HARINGTON * 
Pneumoconiosis Research Unit, South African Council for Scientific and Industrial Research, Johannesburg 
AND 


Dr. P. D. TOENS 
Department of Geology, West Rand Consolidated Mines, Ltd., Transvaal 















SHE detection of fluorescent oils containing poly- 
SR cyclic aromatic. hydrocarbons and amino-acids in 
rey lito and amosite asbestos, but not in chrysotile, 
has eported by Harington! and an organic origin 
for. these materials ae been suggested’. 
E _ This article concerns the detection of amino-acids 
<o and hydrocarbons in dolomitic limestones underlying 
7 the" Pretoria Series in which the crocidolite asbestos 
` horizons are present in the north-western Cape Province, 
. South Africa. 
© The Dolomite Series is composed almost entirely of 
‘earbonate rockst. It is about 10,000 ft. thick in the 
north-western Cape and 4,000-7,000 ft. in the western 
‘Transvaal’, and has an estimated age of about 2,000 
lion years. 
cent investigationst have postulated that deposition 
Jolomite Series occurred under warm, shallow 
vini  coniditions. To allow carbonates to precipitate, 
of the water must have been about 8 (+ 0-5). 





Pre en nt ldréss 7 iester Beatty: Research Institute, auie of Cancer 
tehy Pre Cancer Bospital, Fulham Road, London, § 


nditions would also have been required, for 


the preservation of organie matter and the formation of 
pyrite. Various types of algae, of which fossil remains 
have been found, probably flourished in these. quiet. co: 
ditions, forming a skin over the surface of the sediment 

Tho siliceous rocks of the overlying Pre : | 
must have been deposited under mildly oxidizing con- 
ditions to permit the formation of iron oxides. These 
conditions would probably not have enabled organic 
growths to be preserved within the rock, although the 
detection of amino-acids? does suggest. that organisms of 
some sort were present. i 

Cyclohexane and ethanolic extractions of three samples — 
of pulverized, primary, dolomitic limestones were carried. 
out by methods described earlier’?, Precautions were 
taken to avoid contamination of the rocks before and 
during analysis. | Po 

Specimen 1: Dolomitic limestone containing stroma atos o 
lites (carbon content 0-15 per cent). These algal grov big 2 
exhibit distinet and rather elaborate branching. 
closely resemble the algal heads and domes. wl i 
forming in the Great Bahama Bank at the present. met eo 
The zones in which these structures are present vary in 






























= the fine-grained limestone. 

== erystals show zonal and patchy distribution of calcite and 
= dolomite. Algal banding was not identified unequivocally, 
~~ but was suspected of being present in some samples. 





segues 
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Fig. 1... Delomitic limestone containing algal growths (from Danielskuil, 


N.W. Cape, South Africa) 
thickness from 6 in. to 10 ft. or more. The growths 
consist of a number of superimposed cones which are 
composed of fine algal filaments (Fig. 1). 

Specimen 2: Algal limestone underiying the Pretoria 
Series (carbon content 0:20 per cent). About 100 ft. of 
impure algal limestone are present immediately below the 
Pretoria Series. The rocks are dark grey and have a 
distinctly fetid odour on fresh fracture (? hydrogen 
sulphide). Extremely contorted banding is present, and 
is caused by the wavy nature of the algal filaments 
preserved in the rock. Minute specks of pyrite are abun- 
dant and occur within the algal banding. 

Specimen 3: Shaly limestone from Silverstreams. This 
specimen was derived from a narrow band of fetid, dark, 
shaly limestone lying below a layer of chert in a quarry. 


3 Extremely contorted shaly bands are visible in thin 


section and are probably due to movement which has 
forced the shale into cracks and along bedding-planes in 
Within the shale numerous 





semi-quantitative, paper chromatographic method are — p 


given in Table 1. Values for crocidolite asbestos, obtained 


earlier’, are included for comparison. 


Table 1. AMINO-ACID COMPOSITION OF ORGANIC EXTRACTS OF DOLOMITIC 
TIMESTONES CONTAINING ALUAL GROWTHS (ue/1,000 G@ Rock) 


Amino- Crocidolite (1) (2) Algal (3) Shaly 

acid fibre (ref. 2) Stromatolite limestone limestone 
Serine 950 3°3 25 2-0 
o- Alanine 380 13:3 38 40 
Glycine 350 33 r3 2-0 
Aspartic aeid 240 = Qü — 
Threonine 170 mae p8 gü 
Leucine 140 — 0-6 20-0 
Isoleucine 140 — = 20 
Valine 140 me = — 
Phenylalanine 100 — üü +0 
Glatamic acid 70 1-5 (6 2-0 


Analyses of the three specimens for oils and 3 : 4-benz- 
pyrene! showed that both were present in No. 2, and 
neither in No. 1 nor No. 3. In all three cases, the yields 
after cyclohexane and ethanolic extraction were, in 
general, insignificant (mg/100 g dust): 0-3 and 7-4; 0-4. 
and 1-8; 0-1 and 3-2, for samples 1, 2 and 3 respectively. 
A sample of algal dolomite from the western Transvaal 
(2,226 g), investigated because it contained very well- 
preserved algal growths, and because the overlying 
Pretoria Series does not contain asbestos in this area 
(Klerksdorp), gave no detectable yields after cyclohexane 
and ethanolic extractions and neither 3 : 4-benzpyrene 
nor amino-acids was detected by analysis. Such. 
negative results serve as useful control checks against 
accidental contamination of the samples before and 
during analysis. 

The detection of amino-acids in carbonate rocks of 
the Dolomite Series, together with the presence of algal 
structures, suggests that organic processes were active 
during the deposition of these rocks about 2,000 million 
years ago, and that the Dolomite Series has undergone 
very little metamorphism since then. 

We thank Dr. J. J. le R. Cilliers for advice, Mr. Paul 
Baily for performing the analyses and Miss Marianne 
Smith for assistance. 
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= MAGNETO-HYDRODYNAMIC GENERATION -AND NUCLEAR REACTORS — 


By J. K. WRIGHT 


Fundamental Studies Section, Central Electricity Research Laboratories, Leatherhead, Surrey 





"TOHE problems of the design of both high-temperature 
-A nuclear reactors and magneto-hydrodynamie (MHD) 
generators are being actively investigated by large 
research teams in various parts of the world. The purpose 
of this article is to discuss some of the problems of using 


.. a MHD generator in conjunction with a nuclear reactor. 


The early commercial nuclear reactors have low gas 


“ temperatures and consequently the electricity is generated 


at low thermodynamic efficiencies. For example, the 
Berkeley Nuclear Power Station, with a reactor gas exit 
temperature of 345° C, has an overall ‘thermodynamic 
efficiency of only 24-6 per cent, whereas the Dungeness 
reactors when built will have an exit gas temperature of 
410° C resulting in an overall thermodynamic efficiency 
of 32-9 per cent. Both these systems are graphite moder- 
ated gas-cooled reactors with magnox cans. The purpose 
of more advanced designs js to inerease the operating 
temperature and, consequently, thermodynamic effici- 


ency. Advanced gas-cooled reactors will operate with 
reactor gas temperatures in the region of 625° C, and the — 
Dragon reactor is designed to have an exit gas temperature 
of 800° C, which might be extended to 1,000° C with future 
developments. | 

More advanced types using ceramic fuel elements might 
be developed to operate at still higher temperatures. Jn- 
this range the use of steam as a thermodynamic working _ 
fluid becomes less favourable and other systems would be 
used. One method of converting the heat energy in the 
reactor coolant gas into electrical energy is to use an. 
MHD generator. 









have been suggested. -This minimum emperate 
working fluid is determined by the need to obtain adequate ° 
electrical conductivity. Using a favourable working 
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medium, such as helium, seeded with about 1 per cent of 
cesium, and 1elymg on the temperature of the working 
flud to produce the required ionization, mmmum tem- 
peratures of the order of 1,700° C are obtamed 

This mmimum temperature may possibly be reduced 
by some non-equilibrium ionization technique Proposed 
methods include external ionization by an auxihary 
discharge o1 by mjectimg electrons and relying on the low 
recombination cross-sections of the mert gases to mamtam. 
a gh degree of iomzation and therefore electrical con- 
ductivity Anothei proposed method ıs to use the mduced 
MHD currents to break down partially the gas and 
thereby merease the electrical conductivity Since this 
works essentially by preferentially heating the elections 
in the gas, the method is known as ‘elevated electron 
temperature’ ‘This method has considerable potential 
although ıt has yet to be proved experimentally in an 
actual MHD generator It is also not yet known at how 
low & gas temperature 1t will work 

A crucial question at this time 1s whether ıb 1s worth 
attempting to develop high-temperature reactors and the 
associated low-temperature MHD plant In the following 
example 14 1s shown that en MHD generator-1eactor 
system operatmg at a very high temperature is not neces- 
sarily more efficient than an equivalent gas turbine-reactor 
system operating at a somewhat lower temperature 

Consider a nuclear reactor with an exit gas temperature 
Tı °K feeding an MHD generator or gas twbine of stage 
efficiency n, and having an exit gas temperature T, °K 
The gas ıs then cooled in a heat exchanger to a 
temperature T, °K and compressed from P, to P, in 
an isothermal compressor of efficiency he before being 
heated to a temperature T, °K by the heat extracted from 
the previous heat exchanger Fig 1 shows the scheme 





Compressor 


Fig 1 


Pressure drops across the reactor and heat exchangers 
are ignored and 1t 1s assumed the circulating gas has a 
constant specific heat at constant pressure Cy 

Then for unıt mass of gas 

Heat gained in reactor = C,(T, — T,) 

MHD or gas turbine output = C,(7, — T,) 

Work done in isothermal compressor = 


Y= 1 Cols In P/P, = Cots m TT, 
Y Ns NiNa 
Sınce the pressure ratio across the gas turbine or 
MHD duct 1s 





Pi ay vindy—1) 
Po NT, 


Hence the cycle efficiency 1s 


Ti — Ta FT Ps In £a 
NN T: 
T= Ta 


For the sake of illustration, values have been chosen of 
T, = 350° K (77° C) and T, = T, — 200° 1epresenting 
the drop across the heat exchanger and any losses These 
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Cycle efficiency (per cent) 


IbOO®°K (327°C) 
0 200 400 600 800 1,060 
Temperature difference across generator (° C) 
Fig 2 


figures are typical but are not imtended to be optimized 
in any way 

Fig 2 shows the way the cycle efficiency varies with 
MHD or gas twhine exit temperature for a particular 
reactor exit gas temperature of 1,600° K Notice how 
the efficiency decieases with the product of turbme and 
compressor efficiencies 7,74, Efficiencies approaching 
90 per cont are typical for gas turbines and Compressors, 
so a value for nn, of 0 8 might be typical for a gas turbme 
generator systom Since there are no expermmental data 
on. the performance of MHD generators usmg non-thermal 
10mzation. 1b is difficult to assess the turbine efficiencies that 
may be obtamed m practice, but values of n,n. of 0 6 are 
probably reahstic Notice also the sigmificant tempera- 
ture drop across the MHD duct for optimum working 

Fig 318 a diagram of system efficiency against reacto1 
gas temperature The upper curve shows the best per- 
formance of a gas turbine system with yy. = 08 The 
raddle curve is for the optimum efficiency of an MHD 
generator with hna = 06 The lower curve shows the 
performance of an MHD system when the MHD exit 
stagnation temperature 1s restricted to 1,200° K (929° C) 
This may correspond to a temperatme of the flowing 
gas at the exit of the duct as low as 800° C Ibis not 
known at how low a temperature the non-thermal 10n1za- 
tion processes will operate, but the hmt of 800° C (which 
may be optimistic) has a pronounced effect on cycle 
efficiency at reactor gas temperatures below about 1,400° C 
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The foregoing example is, of course, a particular, sumple 
and 1deahzed thermodynamic cycle However, the con- 
clusions that 1t 18 necessary to work with an MHD exit 
gas temperature well below the reactor exit temperature 
and that gams m MHD ‘turbino efficiency’ can be as m- 
portant as reductions m mmimum working temperature 
are probably generally valid In particular, rb should be 
noted that gas turbines which should be capable of operat- 
ing at reactor exit gas temperatures of the order of 1,000° 
C m a helium atmosphere may lead to a cycle as efficient 
as one usng MHD with a reactor exit gas temperature of 
the order of 1,300° C A much more detailed mvestigation 
of MHD performance usmg non-equilibrium ionization 
and of reactor performance and costs at various tempera- 
tures must be made before any final conelusions can be 
drawn. about the usefulness of MHD for nuclear reactors 

This work 1s published by permission of the Central 
Electricity Governing Board 
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LOW-LEVEL ASSAY OF IODINE-131 IN BIOCHEMICAL RESEARCH 
By Dr C. F. BARNABY and Da L G. PLASKETT 


Medical Research Council Department of Clinical Research, University College Hospital 
Medical School, London, and Department of Biochemistry, University of Edinburgh 


ODINE-131 (Z = 53, N = 78) was first used as a 
biological tracer by Hamulton and Soley ın 1939 
(ref 1) Iodime-131 can be cheaply produced by the 
reaction Te (n, y) Te, Te 8/25 min I, and 1s also a 
fission product Because of this, and its convenient half- 
life (8 05 days), 1t has become widely used Furthermore, 
the energies of ıts B- and y-radiations are such that, with 
sources of high or medium activity, assay 1s a relatively 
simple matter, requirmg no very specialized equipment 
The daughter product of the decay of 10dine-131 18 
stable xenon-131, the present accepted decay scheme 1s 
shown m Fig 1 
In addition to making 1odme-131 the isotope of choice 
mm the examination of both mtrathyroidal and peripheral 
10dine metabolism, these properties have mduced many 
workers to use ıt for examming systems m which iodine 
is not normally mvolved Fat?, protem® and carbo- 
hydrate* labelled with 10dme-131 have found a place in 
biochemical research, and the isotope has also been 
utilized in the double isotope derivative technique for 
the analysis of amino-acid mrxtures®. In spite of the ease 
with which 1odine-131 may be assayed, some of these 
applications mvolve low-level counting problems It 1s 
the purpose of this communication to examine the nature 
of these problems as they occur m the examination of 
iodine metabolism and to suggest ways m which they 
can best be solved Details are provided of a counting 
system which has proved its value m the scanning of low- 
activity paper chromatograms, and we discuss the results 
which have been obtamed m analysing the iodine com- 
pounds of extrathyroidal tissues 
Need for low-level counting n experiments involving 
administration of I -1odide Experrments are commonly 
designed in which radioactive iodide 1s administered to an 
experimental animal or human subject Its fate ıs then 
followed by external counting of parts of the body, by 
assaying the radioactivity of the excretions and body 
fluids, or, after death; by determming the distribution 
of radioactivity among the organs and tissues It ıs also 
usually desirable to investigato the chemical nature of the 
labelled material in the tissues and body fluids, and this 
necessitates fractionation procedures It is the intioduc- 


suy Ehev 972 +5 
af 250 
A 335 28% 
A 608 33% 
812 872% 
07% 

722 + 4 

637 +3 

364 18 
Th = 12days y 168 +2 


80 13 





ixe 


Fig 1 


Decry scheme of iodme-131 


tion of fractionation which most frequently poses the 
low-level counting problems The fractionation technique 
which has achieved greatest success for the separation of 
iodinated compounds is paper chromatography®:’, in 
which the sample size 1s always very small 

Analysis of thyroud In the analysis of thyroid tissue 
the problems of low-level counting are least apparent 
The thyroid gland concentrates injected 11I-10dide, and 
therefore, ın equilbration mvestigations such as those of 
Pitt-Rivers and Rall’, there 1s usually no problem m 
estimating the radioactivity of even very munor com- 
ponents of thyroid tissue, autoradiography of paper 
chromatograms, although relatively msensitive, 1s quite 
applicable The same is true of the analysis of thyroid 
tissue several hours or several days followmg a single 
dose of 10dine-131, because uptake 1s high and the iodine 
pools of the thyroid are approaching isotopic equilibrium 
One situation m which low-level counting becomes impor- 
tant 1s m kinetic experrments ın which it 1s necessary to 
examine the labelled compounds of the thyroid gland a 
few minutes after a dose of 1odme-131 In this situation 
thyroid uptake 1s usually a fraction of 1 per cent of the 
dose, and the radioactivity of a minor component with slow 
turnover, such as truodothyronine, may be a small 
fraction of 01 per cent of the radioactivity of the gland’? 
Exther low-level counting must be used or large doses of 
10dine-131 must be used which may constitute a hazard 
to the expermmenter 

Analysis of peripheral tissues A completely different 
situation exists in the mvestigation of peripheral iodine 
metabolsm In this case equilibration investigations 
result m rather low concentrations of radioactive rodine 
in body fluids and m tissues such as liver, kidney and 
skeletal muscle It ıs no solution to this problem to 
increase the quantity of radioactivity myected, since this 
would subject the thyroid tissue to high doses of radiation 
and would affect thyroid function The maintenance of 
normal levels of 1odine compounds in the peripheral 
tissues Clearly depends on the integrity of thyroid function 
Feller, Chaikoff, Taurog and Jones’® mvestigated the 
radiation dose-levels to thyroid tissue which would produce 
thyroid damage m the rat Funetional damage, causmg 
changes in the plasma protem-bound 1odime-levels, and 
impairment of the ability of the gland to concentrate and 
retain 10dme, were observed after radiation doses to the 
thyroid tassue exceeding 100,000 reps Histological change 
seomed to be a more sensitive index of radiation damage, 
and was seen in one experzment m which the dose was 
46,000 reps In the rat, in experiments lasting for a few 
days followmg admuuustration of iodime-131, 24 ue 
appeared to act as a tracer dose, causing no radiation 
damage, whereas 300 uc always caused radiation damage 

It ıs possible that biochemical functions which have not 
yet been tested for radiation sensitivity may be more 
sensitive than those which have been used so far For 
example, Anbar and Inbar! suggest that much lower 
radiation doses may damage the rat thyroid, because they 
found an merease of butanol non-extractable protem- 
bound iodine in the peripheral blood after such doses 
Moreover, Basu, Lahim and Chandhuri?* have observed 
depression of thyroid function m the rat followmg doses 
ranging from 10 to 100 ue Therefore, the discussion which 
follows will consider an experiment m which no moro 
than 10 uc is admimstered to the rat If the maximum 
uptake is 20 per cent of the dose, then at the time of 
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maximum uptake the thyroid contams 2 pe 10dine-131 
If the thyroid weight 1s 10 mg this represents a concentra- 
tion of 200 ue /g tissue The concentration present m the 
peripheral tissue varies a great deal from experiment to 
experiment, but ıs of the order of 10-4 of the thyroid con- 
centration, that is, about 0 02 uc jg The largest amount 
of homogenized tissue which can be analysed by direct 
chromatography on paper, with or without prior pan- 
creatin digestion’*, 1s about 1 mg, the chromatogram 
would thus contain a total of 20 upe , which, after develop- 
ment, 1s distributed over a large area of the paper If 
the scan 1s to be of any real use 16 must be possible to 
measure the radioactivity of peaks amountmg, at most, 
to 10 per cent of this, that is, 2 uue In a source of this 
size there will occur only 4 4 disintegrations per mmute 
The scanning of such chromatograms constitutes a low- 
level counting problem Only a counter with very high 
efficiency and a very low background 1s effective Such 
counters are not generally available and for this reason 
thyroid is the only tissue which can normally be analysed 
for radioactive 10dine compounds by direct application of 
homogenates 01 hydrolysates on to paper chromatograms 
In practice, concentration techniques such as butanol 
extraction'’- or adsorption on to resmns'*-1* are almost 
always used in the analysis of extrathyroidal tissues In 
these techniques there ıs a danger of deiodination!® and 
esterification®’»*1, moreover, recoveries are very rarely 
complete, so that some of the tissue 10dime 18 unaccounted 
for We have constructed low-level counting systems m 
order to avoid the use of such concentration techniques 
m the analysis of non-thyroid tissue 

Need for low-level counting wm experrments involving 
administraivon of labelled odine compounds While only 
the danger of radiation damage lumts the amount of 
10dine-131 which can be admmustered m the form of 
carnier-free 11]-10dide, the admuustration of labelled 
10dine compounds is often lhmited by thei specific 
radioactivity It ıs not posstble to produce samples of 
labelled ammo-acids ın which all of the 10dme 1s present 
as 10dme-131 Therefore, mjection of the labelled com- 
pounds usually mvolves admunistraiion of a chemically 
appreciable’ amount of carrier along with the labelled 
material Care is necessary to ensure that the metabolhsm 
of the experimental anımal 1s not altered by the admunz- 
stration of this carrier For example, in a commonly used 
technique for the preparation of labelled thyroxme** 
068 mg duodo-n-thyronme and 10 me iodime-131 are 
used, as the starting materials, and the product has a 
specific activity of 4 ye/yg The injection of only 
4 ue of this matenal into the rat mvolves admmuistering 
as much thyroxime as normally circulates ın the blood of 
the rat, the level of protem-bound 1odine-127 1s probably 
doubled temporarily followmg the injection, so that the 
results may reflect physiological conditions which have 
been altered by the experrment The specific activity 
could only be improved by using less duodothyronine or 
more radioactivity, and m an ordinarily equpped labora- 
tory either measure presents difficulties Special methods 
have been utilized by Roche et al ? and by Plaskett** to 
obtain thyroxine of much higher specifice activity, but 
even if thyroxine contaming 100 pe 10dine-131 per ug 1s 
available, rt 18 doubtful if 16 18 advisable to admunister more 
than 10 pe of it to the rat (As with the hmitation of 
dose by radiation damage, the maximum dose which may 
safely be given 1s hard to define precisely Until more is 
known about the effects of giving carrer, the choice 1s 
unavoidably somewhat arbitrary) As in the analysis 
of extrathyroidal tissues after giving ™1I-10dide, low-level 
assay must be carried out ıf concentration techniques, 
with tharw many disadvantages, are to be avoided 

Clamecal investigations Finally, im clinical investigations 
with the human subject, in which tracer doses of 1odine-131 
are usually limited to about 20 uc, the results which can 
be obtamed are very severely Limited by problems of 
low-level assay 
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Nature of low-level sources In any of these appleations 
of low-level counting the sources usually take the form of 
liqmd samples or segments of chromatography paper 
Chromatography paper ıs sufficiently thin for a useful 
fraction of the 8-particles to emerge from the source, and 
use can therefore be made of thin end-window Geger- 
Muller counters Window thicknesses of just over 1 mg/ 
em? can be readily obtamed (for example, 20th Century 
Geiger-Muller tube type E W2C), and since Whatman No 1 
chromatography paper ıs about 10 mg/em?‘this window 
thickness represents an unimportant addition to the 
absorption of the B-particles (Fig 2) An apparatus using 
such counters detects B-particles with high efficiency but 
has a very low efficiency for y-rays 

In liquid sources and other thick sources the B-particles 
are almost completely absorbed Such sources are most 
frequently assayed by detecting the y-radiation in a well- 
type Nal crystal semtilation counter 


Choice of Counting System The Relative Importance 
of Low Background and High Efficiency 


For low-level counting systems the parameters to be 
considered are the background and the countimg efficiency. 
If the background rate 1s R, counts per minute and the 
efficiency 18 g, a source in which D atoms dismtegrate per 
mmute, each dismtegration produemg one 6-particle 
will give a count rate due to the source alone of eD counts 
per mmute The total count rate, meluding the back- 
ground, will thus be R, + eD(=R,) In practice R, 1s 
determined by obtaimmng n, counts m ¢, mn and R, by 
obtammeg n, counts n¢, mm The source rate (7) 1s then 
given by Ra — R, The error m R, — R, 18 given by 


a tp? NAA te 


Drfferentiation shows that the best use of the total count- 
ing time, T, occurs when 


t/t, = fff, 
These quantities can be related to the percentage error 
a( a = noe by the equation — 


p = 10V, + Ved + Ra)? 
g w? s? D? 
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which can be used to determine the properties of any 
counting system 

Components of the background The importance of 
reducing the background of the counter 1s clear By far 
the major components of this background are (1) the 
y-rays from environmental radioactive contammation 
external to the apparatus, (2) cosmic ray mesons, (3) 
radioactive material ın the counters themselves, and (4) 
spurious events arising in the electronic circuits associated 
with the system. For the thin window 20th Century 
Geiger—Muller counter type HW2C, a cylindrical counter 
about 2in long and 1m ın diameter, the total background 
im & typical laboratory 1s of the order of 30 counts per min 

The first, and largest, component (environmental radia- 
tion) can be reduced by surrounding the counter with a 
high-density shield, usually lead, the background of the 
EHW2C surrounded by 41n of lead is about 5 counts per 
man 

The cosmic ray mesons are normally reduced by sur- 
rounding the counter with a number of cosmic ray counters 
arranged in a semicircle above the counter and operated 
in anticomeidence Since the u meson intensity in any 
given. direction, 1s proportional to the square of the cosine 
of the angle to the vertical the most umportant counters 
are those nearest the top of the rmg and the ones making 
large angles with the vertical are often dispensed with 
The u meson rate m the counter under discussion is about 
3 5 per mm and so the background m the shielded counter 
run jn anticomceidence with cosmic ray counters 1s reduced 
to about 1 5 counts per min 

The component due to radioactivity m the counter 
itself must be accepted and the spurious pulses in the 
associated circuits and mains pick-up can be elimmnated 
by proper design and construction 

Hfficeency The efficiency of the counter for 1odime-13] 
uniformly distributed on a small piece of Whatman No 1 
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chromatography paper 1s about 25 per cent Only 50 
per cent of the betas go m the dnection of the counter 
and about half these are absorbed before they enter 
the sensitive volume of the counter Some 6-particles 
will, of course, have path-lengths in the paper consider- 
ably longe: than the thickness of the paper, since they will 
travel at a steep angle through ıb 

Tho efficiency of the system is immediately doubled 1f 
two counters are used, viewing opposite sides of the paper 
To illustrate how performance 1s related to efficiency and 
backgiound let us consider two systems, one using two 
counters face to face, shielded by 4 ım of lead, and the 
other having one similarly shielded counter but surrounded 
by an anticomeidence rmg of cosmic ray counters We 
have seen that the efficiencies and backgrounds of these 
will be 0 5 and 10 counts per min and 0 25 and 1 5 counts 
per min respectively The variations of the total counting 
time, T, for a 5 pei cent error, with the amount of 10dine- 
131 ın the source, D, 1s shown in Fig 3 It will be seen 
that at D = 12 disintegrations per min (that is, about 
5 upc ) the two systems are equivalent, for sources con- 
taming less than this amount of activity the system with 
the lower background and efficiency 1s superior, and for 
sources of more than 12 disintegrations per min the higher 
background and efficiency 1s best It 1s therefore desirable 
to choose the system according to the amount of activity 
to be counted 

Low-level scanning of paper chromatograms ‘The double 
counter system has been routinely used by us for scanning 
paper chromatograms It 1s surrounded by an efficient 
anticomeidence shield which reduces the background to 
3 5 counts per min, the efficiency 1emams at 05 The 
curve for this arrangement is shown m Eig 3, and rt will 
be clearly seen that for very low activities the low back- 
ground system is very advantageous, but the difference 
between the double-counter, with and without anti- 
coincidence, quite rapidly lessens with increasmg D An 
advantage of the lower-background system is that the 
occurence of spurious pulses 1s more easily detected It 
1s always veiy difficult to verify the absence of such events, 
but if the background, and consequently the standard 
deviation of the background, 1s low, the presence of such 
pulses becomes more apparent The background of the 
double-counter system with anticomeidence is somewhat 
greater than twice the background of the single counter 
with anticomcidence This is because a significant fraction 
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of the radioactive contamination mm the counter occurs 
in the mica window With two counters, radiation from 
one window travelling in the direction of the othe: counter 
can trigger it off, and since there is twice the amount of 
activity present the background fiom this source, com- 
pared with the single counter, may be greater by a factor 
of up to 4 From measurements on several samples of 
mica ıt was concluded that this source accounted for 
almost half the background m the double counter system 

Electronic circuits which have given satisfactory service 
over & long period in a double-counter system with anti- 
coincidence are shown m Fig 4 The anticoineridence 
array consisted of 12 G60 Cintel Geiger—Muller counters 
arranged in a semicircle ‘The quenching circuits were of 
a standard type One valve of the Rossi-type anticoin- 
cidence circuit was cut off permanontly by a standing bias. 
Positive squaie pulses from the quenching circuit attached 
to the anticomeidence ring lifted this bias and no pulse was 
passed to the scaler when pulses arrived at the grids of both 
Ross: valves simultaneously (that ıs, when a meson passed 
through the apparatus) In the absence of a pulse to hft 
this bias a pulse at the grid of the first valve gave an 
output pulse to the scaler The pulses from the quenching 
circuit feeding the first valve were delayed for a short time 
to ensure efficient anticomecidence operation There 1s 
some loss m efficiency due to the paralysis time of the 
quenching cucut associated with the anticomeidence 
ung, but this should not exceed 1 per cent The anti- 
comeidence device can be made nearly 100 per cent 
efficient if the counters are slightly overlapped to prevent 
mesons leaking through spaces between counters 

Experimental work usmg this counting system has 
already been published®:> in connexion with investiga- 
tions on intrathyroidal iodine metabolism Since the 
greatest test of low-level counting methods ocews in the 
examination of peripheral 1odine metabolism, a chromato- 
gram scan is presented m Fig 5, which was obtamed by 
chromatographing directly a pancreatmn digest of liver 
homogenate from a rat killed 44 h after mjection of 
131T.,odide Most of the 1adioactivity was located m a 
single peak with a low Rr value, which, in the solvent 
system used, butan-l-ol/dioxan/2 N ammonia (4 1 5), 
corresponds in position to the 1odothyronme glucuronides 
The position and shape of the peak have been accurately 
defined even though the total radioactivity of the chroma- 
togram did not exceed 30 upe It was possible to elute 
the radioactivity of this peak from the chromatogram 
and to show that after hydrolysis with a Patella vulgata 
8-glucuronidase preparation 16 exhibited the chromato- 
graphic properties of thyroxme The compound, therefore, 
resembles a thyroxine conjugate previously 1solated from 
mouse kidney by Galton and Pitt-Rivers*® 
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Measurement of thick sources For lhqud sources and 
other thick sources the most common method of measure- 
ment mvolves the use of a sodium iodide (TI) well-type 
crystal Commonly a crystal of about 2 ın diameter and 
2in deep is used with a well in x 141n The mean path- 
length for y-rays ın the crystal will be about 1 ın and the 
total number of mteractions fiom iodine-131 y-rays 
(photo-electric plus Compton) will be about 47 per cent 
of the number of disintegrations In practice the 364-keV 
photoelectric peak is found to contam about 50 per cent 
of the total number of events, which agrees with the 
theoretical prediction that about 24 per cent.of the disimte- 
grations will produce 364-keV photoelectrons A good 
crystal should, ın practice, give]a 364-keV photopeak 
resolution (ratio of width of peak at half-amplitude to 
peak position) of about 12 per cent Assummg a photo- 
conversion efficiency of 36 eV/photon for sodimm iodide 
and a photocathode efficiency of 10 per cent for the photo- 
multiplier, a resolution of about 8 por cent 1s theoretically 
possible ‘This ıs never realized m practice, probably 
owing to losses of photons by absorption and on reflexion 
from the sides of the crystal 

It 18 necessary to consider whether 1t 1s advantageous 
to use single channel analysis to count only the photopeak, 
thereby reducing the background count The baek- 
ground in the photopeak region of a typical sodium iodide 
crystal of the dimensions mentioned and shielded. by 3-m 
thick lead 18 about 25 counts per mn If the bias of the 
apparatus ıs set so that all events above an energy of 50 
keV are recorded, then the background will increase to 
about 150 counts per min We have, then, to compare 
a system with an efficiency of 025 and background of 
25 counts per min with one having an efficiency of 0 47 
and background 150 counts per min The curves obtamed 
for these situations are shown in Fig 6 It will be seen 
that for low activities (< 100 uue ) smgle channel pulse- 
height analysis 1s preferable, but that, in the range con- 
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sidered, the two systems are roughly equivalent above this 
level 

Newly developed counting methods The systems de- 
scribed here are now sufficiently well developed to be m 
regular use. In another, less well developed method, 
thin sources of 10dine-131 can be measured by counting 
the @-particles with a thin plastic phosphor To absorb 
completely the §-particles a phosphor about 3 mm 
thick would be requred A typical plastic phosphor, such 
as p-terphenyl ın polystyrene, must absorb about 200 eV 
from the energy of a 8-particle to produce a photon of hight 
A typical photomultipher has a photocathode efficiency of 
about 10 per cent and, therefore, an energy of 2 keV ıs 
required to produce one photoelectron at the photo- 
cathode, assuming that all the photons are collected In 
„practice, 1b 18 extremely difficult to collect every available 
photon and 1t is probably more realistic to base caleula- 
tions on a figure of 3 keV/photoelectron It would be 
necessary z0 bias the apparatus to cut out the photo- 
multipher noise and, smee a standard photomultipher 
produces a significant number of noise pulses of up to about 
5 electrons the bias would have to be set at a point which 
would elimimate the measurement of B-particles entermg 
the phosphor with energies less than 15 keV ‘This 1s an 
optimustic figure since the bias would most hkely have to 
be set higher to allow for temperature variation im the 
noise This system ın its simplest form of a thin phosphor, 
viewed by one photomultipher and silvered on the back 
face to reflect hght mto the photomultipher, 1s therefore, 
from the point of view of efficiency, fundamentally worse 
than the Geiger-Muller counter system To compare 
with the best Geiger system the background in the 
phosphor would have to be significantly lower than 18, m 
practice, attamable Some improvement could be made 
by using a double system and running the photomulti- 
phers ın coincidence The elimmation of photomultipher 
noise would allow the bias to be set lower and the 
B-particles from both sides of the source would be counted 
Fast, reiable, comeidence circuits are, however, difficult 
to design and mamtain It would also be difficult to 
devise a simple system to introduce the source between the 
two phosphors—the method used would have to combine 
the requirements of hght tightness and mmunum absorb- 
ing material between source and phosphor If these 
difficulties can be solved, then the double phosphor system 
would offer an attractive method for counting thin sources 
of 10dime-131, especially since the dimensions of the 
phosphor could be matched to those of the source, thus 
mimmmuizing the background 

Another technique for counting low-activity sources of 
10dine-131 involves the use of a sodium iodide crystal 
working m comeidence with a thin-wmndow Geiger—Muller 
counter Pulses are registered when the 364-keV y-ray 1s 
recorded by the semtuillation counter and the 600-keV 
cascade 6-particle ıs recorded simultaneously by the 
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8-counter. Using a single channel pulse-height analyser 
with the sodium iodide counter, very low backgrounds can 
be obtained With counters of 1 in diameter operatmg 
face to face, the source bemg placed between them, we 
have obtamed efficiency of about 8 per cent with a 
background of 1 or 2 per hour These figures could be 
improved, with a more favourable geometry This counter 
has an obvious applieation for the rapid determination of 
the presence of activity, even if the efficiency cannot be 
made large enough to allow quantitative estimates of 
radioactivity to be made ın a time short enough to com- 
pete with other methods 

Finally, mention must be made of the future use of 
solid conduction counters for chromatogram scanning 
These counters are now being rapidly developed?” and 
will, no doubt, eventually provide an excellent method 
for the low-level counting of 1iodme-131 Because of this 
thinness of the active volume of the counter the back- 
grounds are potentially very low, but unfortunately the 
noise pulses in the presently available counters are so 
large that the bias has to be set at a level which cuts out 
a significant fraction of the pulses from the lower energy 
6-partacles The efficiency of the available counters 1s thore- 
fore low but great efforts are bemg made to improve this 
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2,5-DIHYDRO-2-FUROIC ACID: A PRODUCT OF THE ANAEROBIC 
DECOMPOSITION OF ASCORBIC ACID 


By |. M. COGGIOLA 
C.$1R O, Division of Food Preservation, North Ryde, New South Wales, Australia 


“HE anaerobic decomposition of ascorbic acid was 
studied by Huelm'’, who identified the products 
furfural and carbon dioxide His report that loss of 
ascorbie acid from an unbuffered aqueous solution mvolved 
an merease of pH was not confirmed—the formation of 
other acids resulted in little net change in pH 
A 5 per cent (w/v) solution of ascorbie acid in glass- 
distilled water was meubated at 100° C under an atmo- 
sphere of carbon dioxide for 10 days until decomposition 


was practically complete The acids were separated by 
displacement 1on-exchange chiomatography* The fiac- 
tions contaimng the predominant acid were combined 
and freeze-dried, to give a brown semi-crystalline material 
The methyl esteı was prepared by reaction with diazo- 
methane 

The pH tatration cuve of the acid showed the presence 
of one carboxyl group (pK, 32) The absence of carbony! 
groups was shown by its failure to react with 2,4-dimitro- 


December 7, 1963 


phenylhydrazme Hydrogenation of the methyl ester 
indicated the presence of one double bond The infra-red 
spectrum of the acid showed a carboxyl group at 1,727 
cm? and the infra-red spectrum of the methyl ester after 
gas chromatography showed that hydroxyl groups were 
absent As further purification of the acid was unsuccess- 
ful, and as its purity was madequate for elementary 
analysis, the eyclohexylamime salt was prepared as colour- 
less needles m p 160°-163° C (decomp ) Analysis of this 
salt gave C, 622, H, 92,0, 225; N, 65 per cent Calc 
for C,,H,,O,N OC, 619, H, 90, O, 225, N, 66 per cent 
This would give a formula of O;H,O, for the isolated amd 
(cale equiv wt 114, found, 116) As two of the oxygen 
atoms are involved in the carboxyl group, the remaning 
one, which belongs nerther to a carbonyl nor to a hydroxyl 
group, must be involved m an ether hnkage ‘The fore- 
gong evidence mdicates the possibility of a dıhydrofurorc 
acl 

Sublimation under high vacuum with the appheation 
of heat was attempted as a means of purification, but 
resulted m decomposition, with the formation among 
other products of 2-furoic acid, mp 182°-133° C The 
infra-red and nuclear magnetic resonance spectra were 
identical with those of an authentic sample of 2-furoie 
acid. Analysis gave C, 536, H, 37, O, 425 per cent, 
cale for C,H,0, C, 536, H, 36,0, 428 percent From 
this it could be assumed that the carboxyl group 1s ın the 
ea The acid could have one of the structures I, 

or 
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The nuclear magnetic resonance spectra of the acid 
and ıts methyl ester were determined at 60 Mc/s ın deutero- 
chloroform solution Signal positions are grven m ppm 
from tetramethylslane as mternal reference The 
spectrum of the acid consisted of multrplets at 48 ppm 
(2 protons, essentially an AB quartet with Jag approx- 
imately 12 e/s and split further by several protons), 
53ppm (l proton), and 6 0 ppm (2 protons, essentially 
an AB quartet with Jag = 63ppm and further splitting 
due to mteraction with several protons), and a singlet at 
lower field (position variable with concentration), which 
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disappeared on treatment with deuterium oxide’ and must 
be due to the carboxylic hydrogen 

The spectrum of the ester showed multiplets at 48 
ppm (2 protons), 52 ppm (1 proton), and 60 ppm 
(2 protons), all havmg the same structure as the corre- 
spondimg signal in the spectrum of the acid, and a singlet 
at 37 ppm (3 protons) which must be due to the ester 
methoxyl 

The position and principal couphng constants of the 
two two-proton multiplets are consistent with the presence 
of a di-substituted csod double bond and a methylene 
group with non-equivalent protons (for example, m & 
rng) The position of the resonances* and the presence 
of additional splittmg, due to long-range imteraction’, are 
entirely consistent with structure IT for the acid and ester 
respectively 

The presence of a signal due to two vinylic protons in 
the nuclear magnetic resonance spectrum (multiplet at 
60 ppm) excludes structure II, which is also inconsist- 
ent with the ultra-violet spectrum, whuch showed no strong 
absorption The long-range interactions causing the fine 
splitting in the nuclear magnetic resonance spectrum are 
consistent with structure II In particular, the signal 
attributed to the proton on C-2 (at 53 ppm) would be 
expected to be much less complicated in structure I 
than ım II due to the absence of homoallylhe interactions® 
The position of the resonanve assigned to the ring methyl- 
ene protons (48 ppm) 1s consistent only with structure 
II, in structure I this resonance would be expected to 
occur much farther upfield‘ 

The mass spectrum of the ester was determined on an 
Atlas-Werke model CH4 spectrometer and showed only 
one main peak at m/e 69 which 1s attributed to the reson- 
ance stabilized 10n IV The absence of the parent peak, 
even at low energy, 1s entirely consistent with structure 
It (ref 7) 


— a 


(IV) 

The predomimant acid isolated ıs considered to be 
2,5-dihydro-2-furoic acid 

I thank Drs J S Shannon and 8 Stemhell, of the 
CSIRO Drvision of Coal Research, for the mass and 
nuclear magnetic resonance spectra respectively, and 
for their interpretation 
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ORIGIN OF SODIUM CONCENTRATION PROFILE IN THE RENAL MEDULLA 
By Dr G G. PINTER* 


Department of Physiology, School of Medicine, University of Maryland 
AND 


Dr J L. SHOHET 


Department of Electrical Engineering, Johns Hopkins University, Baltimore 


N recent years, mathematical models have been 
described with the purpose of sumulatmg the function 

of the Henle loops on one hand and the role of the vasa 
recta, on the other Hargitay and Kuhn! and Kuhn and 
Ramel? presented the countercurrent multiplier hypothe- 


* Holder of U $ Public Health Service research career development award 


sis for the operation of the Henle loops These authors took 
the presence of the collecting ducts into consideration, 
but omitted the vasa recta as an integral part of the 
system Sumilarly, Gunzler* derived equations for the 
concentration profile ın the vasa recta, without paymg 
attention to the presence of the Henle loops 
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These models have been successful in predicting most 
of the experimental results obtained by chemical analysis 
of the medullary tissue and by muicropuncture studies 
It appears however, that they do not readily offer an 
explanation for the sodium concentiation profile found 
in the renal medulla of well-hydrated anmals* As 
reported by Levitin et al ® and by Boylan and Asshauer® 
in water diuresis, the concentration of tissue sodium may 
show an increase from the cortico-medullary border to an 
internal layer of the medulla whereupon it may decrease 
toward the papula Furthermore, the hypotheses dealing 
sepaiately with the Henle loops and vasa recta do not 
eliminate the doubt expressed by Smith’ that a sudden 
change ın sodium-transporting activity and water perme- 
ability of the cells hning the thin segment of the Henle 
loop at the turnmg poimt is not waranted by the histo- 
logical picture 

In this article we propose an integrated model which 
takes into account the imteraction between Henle loops 
and vasa recta The operatmg unit of our model is a small 
segment of the medullary interstitium mto which are 
immersed one Henle loop and one vas rectum (Fig 1) 
For the sake. of simpheity, we disregard momentarily 
the presence of the collecting ducts, the fluence of which 
wil be considered later Apparently, lymph vessels are 
not present in the medulla! 
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Fig 1 Operating elementary unit 


We assume that sodium moves acioss the wall of the 
vase recta and that of the thin segment of the Henle loops 
according to the concentration difference between the 
lumen and inteistitium, while the wall of the thick 
segment of the ascending Henle loops transports sodium 
out of the lumen into the interstitium at any point at a 
rate which ıs proportional to the sodium concentiation m 
the lumen In other words, in this model the counter- 
current multipher action of the Henle loop ıs restricted 
to the region where the ascending hmb 1s thick walled 
(region Ain Fig 1) The function of the thin segment of 
the Henle loops and of the entire vasa recta 1s to wash the 
sodium from the interstitium of the countercurrent 
multipher region toward both cortex and papilla depend- 
ing on the direction of flow ın these channels It 1s further 
assumed that the diffusion of sodium im the medullary 
interstitium 18 predommantly perpendicular to the course 
of the Henle loops and vasa recta, that 1s, the process of 
sodium diffusion m the cortico-papillary direction may be 
neglected Again, the system is m equilibrium, that 18, 
the amount of sodium moving into equals the quantity 
moving out of our operating elementary unit 
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The followmg boundary conditions are assumed (1) 
The mput concentrations in both tubes are known and 
constant (2) Flow rate and output concentiation in 
both tubes are interdependent variables affecting the shape 
of the concentration profile m the medulla 

The system 1s divided mto two regions (Fig 1) Region 
A will be the area between the entrance to the system and ~ 
point B Region B will be the area between pomt B and 
the turning pomt of the tube Two sets of coupled equa- 
tions can then be written for region A and region B 
In all, ten mterdependent differential equations describe 
the concentrations prevailing in. the ascending and, descend- 
ing Henle loops and vasa recta as well as in the mter- 
stitium, 51in region A and 5in region B The equations 
for region A aie 
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where ¢ 1s the concentration m the descending hmb of 
the vas rectum, ec’ is the concentration in the ascending 
limb of the vas rectum, ca 18 the concentration m the 
descending part of the Henle loop and cy’ 1s the concentra- 
tion m the ascending part of the Henle loop 3 18 the 
interstitial concentration, k the ‘catch-all? membrane co- 
efficient for the vasa recta, kn the coefficient for the Henle 
loop and k,’ the coefficient for the thick-walled segment of 
the Henle loop æ, the distance, ıs measured from the 
cortico-medullary boundary towards the papilla 


= kle — 9) + Kc’ — 9) + kaler — 3) + krer (5) 
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flow rates of 14, 19, 29, 57, and infinite number arbitrary um 
and Henle loop flow rate of 29 arbitrary units units (AU) 
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The corresponding equations for region B are identical 
to those for region A except for (4) and (5) which are now 
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re “m 
s = k(ce — 9) + kc’ — 9) + krlenr — 9) + kr’ ler — 3) (7) 


The system of equations may then be solved with the 
applopriate boundary conditions and the requirements 
that the solutions m region A and region B must match 
at pomt B, and that at the turning pomts c must equal c’ 
and cn must equal c,’ It will alsa be assumed that the 
rate of change of concentration with respect to v in the 
mput of both tubes and at « = 0 ın the interstitium are 
identically equal to zero 


The equation foi ¢ grves 
c = A+ Berit + Cera + Dert 


4 kin k ky 


in region A, where Pi, Ppa and p, are.found from the solu- 
tion of the determinental equation 
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and cro 18 the output concentration of sodium from the 
Henle loop and 
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in region B, where p, p, and p; are found from the solution 
of the determinental equation 
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Fig 3 Interstitial concentration in the renal medulla with Henle loop 
flow rates of 2, 4, and 29 arbitrary umts and vasa recta flow rate of 19 
arbitrary units 
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VASA RECTA FLOW RATE 
57 ARBITRARY UNITS 


CONCENTRATION 
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Fig + Interstitial concentration 1n the renal medulla with Henle loop 
flow rates of 2, 4, and 29 arbitrary units and vaswrecta flow rate of 57 
arbitrary units 


The coefficients A, B, C, D, A, B, Č and D are evaluated 
from the boundary conditions 

The solution for c’ 1s identical in form to that of c, 
except for different coefficients A’, B’, C’, D’, A’, B’, C 
and D’ The exponents are identical 


The results for cp are 


~ 


Ch = An + Broh + Openi + 
Cho E 
4 





~} 
ha’ 
#4 | ewe (9a) 


m region A, where Pr, and Pn, are evaluated from the 


solution of 
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kkn 
and 
Ck = An + Byoprst + C ,oPhst -+ Dyevrst (96) 


in 1egion B, where the exponents are found from the 
solution of 


pr pa = 5 E =| 5 
krek + Enr? F ilen Dr? + En + k Ph + 5 


c,’ 18 found to be 


= 0 


Ch = Cho @ka’a 
in 1egion A, and of exactly the same form as cr in region B 
with coefficients Ar’, B,’, Cr’ and Dy’. 
Finally, 7, the concentration m the mteistitium, 18 
found directly from equation (1) since the solution for c 
is known It 1s then 
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LET Les h Cre | U a) 


958 
m region A, and: 
i 5 Pı = Pz De 
j= A + B42 ome + + : oP + 
(10b) 


ın region B Note that tho solutions to all these equa- 
tions depend on the membrane coefficients, the flow rates 
when the boundary condition of equilibrium is apphed 
and the mput concentrations The actual solution of 
the equations for the concentration at any pomt depends 
on the membrane coefficients and flow rates m both 
channel systems It was assumed that the parameter 
which is the most readily regulated physiologically 1s the 
flow rate ın the vasa recta and im the Henle loops The 
equations were put on an analogue computer connected 
to an X-—Y plotter whereby the behaviour of the concen- 
tration profiles m ascending and descending Henle loops, 
vasa recta and in the medullary mterstitium could be 
observed under changing flow rates m the vascular and 
tubular channels Figs 2, 3 and 4 represent results from 
the computor for the concentration profile m the medullary 
mmterstrtium under varying flow rates in the vasa recta 
and in the Henle loop On these graphs the abscissa 
represents the site in the medulla from the cortico- 
medullary border to the turning pomt of the channels 
and the ordinate 1s measured in terms of Na concentration 

In Fig 2, the Henle loop flow rate was held constant at 
29 arbitrary units and the vasa recta flow rate was varied 
as follows curve a, 14, curve b, 19, curve c, 29, curve d, 
57, curve e, a very large number (co) arbitrary umts It 
may be pomted out that under the conditions of finite 
flow specified ın Fig 2 the Na concentration continues to 
rise throughout the entire length extending from the 
cortico-medullary border to the papilla A contimuous 
rise m sodrum concentration which extended from the 
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cortico-medullary border up to the papilla was also 
observed ın both limbs of the Henle loop and vasa recta 
To our knowledge 1t 1s this finding, namely, that m hydro- 
penic animals the merease of sodium concentration extends 
up to the papilla, which leads to the mference that the 
Henle loop operates as a countercurrent multipher m tts 
entire length From the graphs 1t can be seen that such an 
unference 18 not necessary in a model in which the counter - 
current multipher operation 1s lımıted to the portion of the 
Henle loops where the ascending hmbs have thick walls 
Such a model may create continuously mereasing sodium 
concentration 1f 1ts action 18 co-ordinated with the function 
of the vasa recta In Figs 3 and 4 the vasa recta flow 
rates were held constant and the Henle loop flow rates were 
varied These graphs indicate that our model may dupli- 
cate conditions in which the highest sodium concentration 
is found ın a middle layer of the medulla Our model 
predicts that this layer will be one m which the beginning 
of most of the thick segments of the ascending Henle 
loops is found. 

It may be assumed that the collecting duct contributes 
a constant amount of solute and/or water to the medullary 
interstitrum along its entire length This operation shifts 
the concentration profile upwards or downwards, respec- 
tively, by an amount proportional to the product of the 
amount added times the longitudmal distance If the rate 
of transport of water or solute across the wall is not 
constant, the influence ıs more complex, but ıb 16 not 
expected that ıt would basically change the shape of the 
concentration curve 
t Hargitay, B , and Kuhn, W , Z Elektrochem , 55, 539 (1951) 
2? Kuhn, W , and Ramel, A , Helv Chum Acta, 42, 628 (1959) 
3 Turau, K , Deetjen, P , and Gunzler, H , Pflugers Archi , 274, 567 (1962) 
‘Ullrich, K J, and Jaraush, K H , Pfitigers Archi , 262, 537 (1956) 
8 Levitin, E , Goodman, A , Pigeon, G , and Epstem, E H,J Chn Invest, 

91, 1145 (1962) 

° Boylan, J W, and Asshauer, B , Pfliigers Arch , 270, 99 (1962) 
7Smith,H W, Bull N Y Acad Med , 35, 293 (1959) 
è smth, H W , Phe Kidney, 17 (Oxford Univ Press, New York, 1961) 


VoL 200 


LABILE FLAVIN ADENINE DINUCLEOTIDE OF HEART MUSCLE 
PREPARATIONS 


` By Dr TERENZIO CREMONA*, Dr EDNA B KEARNEY, Dr JAMES SALACH 
and Dr THOMAS P. SINGER 


Edsel B. Ford Institute for Medical Research, Henry Ford Hospital, Detroit 


ASSEY and Swoboda? recently reported that on 
storage at 4° of heart muscle preparations isolated by 

a modification of Keiln and Hartree’s method? there 1s 
a gradual decrease in the acid-extractable FAD content 
and corresponding increase in the FMN content While 
the supporting results presented are convincing, so far 
as this preparation is concerned, the claims of these 
authors that the same breakdown occurs m Keln- 
Hartree preparations isolated by mechanical grinding 
and differential centrifugation’? are less convincing Massey 
and Swoboda concluded that (a) within experimental 
error FAD ıs the only acid-extractable flavin present in 
fresh heart mitochondria, (b) that any enzyme isolated 
from this source which contains FMN is likely to be an 
artefact Conclusion, (a) agrees with the earlier report of 
~ Ziegler et al ‘4 that more than 90 per cent of the acid- 
_ extractable flavin content of heart mitochondria is FAD 
For conclusion (b), Massey and Swoboda quoted the 
example of DPNH-cytochrome reductases isolated from 
heart, all of which have now been shown to contain only 
FMN (refs 5 and 6) and to be degradation products of 
the DPNH dehydrogenase of the respiratory chams” 
Since purified preparations of DPNH dehydrogenase had 


* On leave of absence from the International Institute of Genetics and 
Biophysies, Naples 


been reported to contain both FAD and FMN (ref 8) 
Massey and Swoboda! further suggested that even this 
preparation may be modified to some extent 

According to as yet unpublished reports, Merola and 
Coleman® and Nickel et al could not confirm these 
results and affirmed that the FMN present in certain heat 
muscle preparations 1s not an artefact due to ageing 
The former authors based their conclusions on ageing of 
beef heart mitochondria at —20°, while Nickel et al 
examined the effect of storage at 0°-4° on Keilin—Hartree 
preparations isolated by mechanical grinding and differ- 
ential centrifugation Thus the conditions used by both 
groups deviate from those utilhzed m most of the exper- 
ments of Massey and Swoboda and, hence, do not bear 
on, the experimental findings, although they are relevant 
to these authors’ conclusions 

In view of the obvious interest of the phenomenon and 
its implications on many problems concerning respiratory 
enzymes, including the question of the prosthetie group 
of DPNH dehydrogenase, we wish to report that we 
have confirmed fully the findings of Massey and Swoboda 
as regards acid precipitated Keilin—Hartree preparations 
but have not been able to observe ‘a similar breakdown of 
FAD in muatochondria or m Keilin—Hartree samples 
prepared at neutral pH 
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Table 1 STABILITY oy FAD IN BEEF HEART MITOCHONDRIA 
anhi : spe ae Total acid 
actable acid- otal acid- 
Lap Preparation flavın extractable extractable Total FAD Total FMN 
(mumoles/mg flavin flavin {umoles) (umoles) 
i Snn P i protem) (per cent) (umoles) 
Tes , rapia preparation (2-3 h after kill 2 
2 Normal, fresh BHM (5-6 h after killing) me O aa 55 
3 Frozen stored BHM (same as Exp 2, after 3 days at —15° in 
sucrose-PO,) 639 85 
4 Mitochondria stored at 4° in sucrose-PO, 
Immediately after preparation 0 33 85 
24 h later 0 38 86 
: . ee ante 0 32 82 
5 res X 3 
First centrifugation residue 0 $3 a Y i it 3 2 26 
i i supernatant 024 7] 1 34 0 96 0 38 
s s sum 15 4 128 2 60 
Second centrifugation supernatant 018 81 0 40 0 32 0 075 
» m residue (ETP) 0 28 69 093 0 64 0 291 
» ” sum t 34 0 96 0 37 


Beef heart mitochondria (BHM) and ETP were prepared exactly as per Ringler etal (ref 8) Total flavin, FAD, and EMN were analysed by differential 


fluorometry m 5 per cent TCA extracts 


Table 2 
Prepared at neutral pE. 
Acid extractable flavin FAD/total 
Hours after (myemoles/mg protein) flavin 
killing Total EMN FAD (per cent) 
46 0 302 0 100 0 231 7 
28 0 303 0 102 0 230 76 
52 0 302 0 100 0199 7 


Protein was determined by the biuret method with the coeffic ent of 0095 Samples w tored ın 0 25 M 
sucrose-0 01M phosphate, pH 74 In Exp 5 40 5-g fresh BHM were processed all the way to the ETP stage without storage P The supernat 
from the first centrifugation (7 min at 19,000g) 18 recentrifuged at 106,000g for 30 min, the neutralized pellet is the ETP 


The supernatant solution 


STABILITY OF FAD IN KEILIN-HARTREB PREPARATIONS 


Acid precipitated preparation 
Acid extractable flavin 


Hours after (mymoles/mg protein) FAD/total 
killing Total FMN FA (per cent) 
7 0 358 0 072 0 328 92 
275 0 362 0 091 0 310 86 
515 0 370 0 123 0 283 77 


The Keilin-Hartree preparation isolated at neutral pH was prepared by means of grinding in a mechanical mortar (at 4°) and differential centrifugation, 


following the previously described modification (ref 8) of King’s procedure (ref 3) 


sample was made exactly according to Massey and Swoboda (ref 1) 


Table 1, Exps 1 and 2, shows that beef heart muito- 
chondria, whether prepared rapidly or by the normai 
procedure, contain the same ratio of FAD to total flavır. 
and (Exps 3 and 4) this ratio remains constant on several 
days’ storage at 4° or at —15° Exp 5 demonstrates that 
in the pieparation of ETP (the source of DPNH dehydio- 
genase!) no FAD is destroyed nor ıs FMN formed It 
may be concluded that the breakdown of FAD observed 
by Massey and Swoboda ıs not a characteristic property 
of mitochondrial flavoproterns Elsewhere! ıt has been 
shown that storage of ETP for 2 weeks at — 15° causes no 
bieakdown of FAD and that if the isolation of DPNH 
dehydrogenase 18 carried out within a period of 24h of the 
kilhng of the animal, without mterruption, the same FMN 
content 1s found m the resulting preparations as in 
samples purified over a period of several days fiom stored 
mitochondria Thus the observations of Massey and 
Swoboda do not seem to have any direct bearing on the 
flavin moiety of DPNH dehydrogenase 

It should be noted that the FAD to total flavin ratio 
reported in Table 1 (82-86 per cent) for mitochondria 1s 
the value which has been found over many years of 
analyses of heart mitochondria in this laboratory and 
agrees very well! with the values reported by Massey and 
Swoboda! and Rao e? al 5, but not with those of Merola and 
Coleman® or of King et al 18 

Table 2 demonstrates that while Keilm—Hartree pre- 
parations isolated at neutral pH show no breakdown of 
FAD, those prepared by Massey and Swoboda’s technique! 
show a higher intial FAD and total flavin content and a 
tendency for a gradual decline in the ratio of FAD to 
total flavin on storage Agam, the flavin composition 
agrees with the figures of Massey and Swoboda but not 
with those of King etal * We suggest that the agreement 
in FAD to total flavin ratio between the two types of 
preparation after storage 1s fortuitous and should not be 
taken to indicate that the sample prepared at neutral pH 
had already broken down to this ratio in the course of 
pieparation, as proposed by Massey and Swoboda? The 
higher imtial total flavin and FAD content of acid pre- 
cipitated samples might indicate, instead, the melusion of 
flavoproteins which are not recovered in the alternative 
procedure and are not normal mitochondrial constituents 

It remains to be determined whether the mteresting 
breakdown. observed by Massey and Swoboda ıs caused 
by labilzation of a flavoprotein during exposure to acid 


The average time for preparation was 4h The acid precipitated 


The average time for preparation was 3 5 h 


pH or is the result of the precipitation of a labile flavo- 
protem at pH 54 but not at neutral pH In any event, 
these results do not support the conclusion of Massey 
and Swoboda regarding the absence of FMN im mito- 
chondrial enzymes Ther suggestion that the presence of 
FMN in dehydrogenases isolated from heart mitochondria 
is diagnostic of preparative modification 1s also not sup- 
poited by these results and is, further, unnecessary to 
explam known facts The DPNH-cytochrome reductase 
preparations from heart described m the hterature are, 
indeed, degraded derivatives of DPNH dehydrogenase, but 
they have been shown to arise durmg extraction and are 
thus not formed by whatever process ıs responsible for 
the labihzation of FAD in certam preparations®:?44 As 
to DPNH dehydrogenase itself, recent work in this 
laboratory has conclusively demonstrated that the 
prosthetic group ıs FMN (ref 15), in agreement with 
predictions ın the hterature and analyses of its degrade- 
tion products®:® 
This work was supported by grants from the US 

National Science Foundation (C 20457), the US National 
Heart Institute (HE 01995) and by contract No Nonr 
1656 (00) between the U S Office of Naval Research and 
this Institute 
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ISOLATION AND IDENTIFICATION-OF TWO SMOOTH MUSCLE 
STIMULANTS FROM MENSTRUAL FLUID 


By Dr G EGLINTON, Pror R A RAPHAEL, F.R.S, and Dk G N SMITH 


Department of Chemistry, University of Glasgow 


AND 


Dr W.J HALL and Dr V R PICKLES 
Department of Physiology, University of Sheffield ` 


HE presence of a group of hpıd smooth-muscle 
Too mn menstrual fluid was first reported ın 
Nature m 1957 (ref 1) Since then ıt has been shown 
that these substances, which are almost certainly pro- 
duced by the endometrium in 1s secretory phase’, are 
ın part carried to the myometrium, and there stimulate 
the rhythmical contractions of normal menstruation. 
An excess of such an effect 1s probably an important factor 
m causing the intense uterime cramps of primary dysmenor- 
rheea® 

Two physiologically active constituonts of high potency 
have now been isolated from menstrual extracts and, by 
methods deseribed here, have been identified as prosta- 
glandins PGE, and PGF 2. 

OH 


C= CHCHOH (CH,),CH, 


CH,CH= CH(CH,),COOH 


PGE, 
(1la,15 dihydroxy-9-keto-prosta-5,13-dienoie acid) 


OH 
cy 
N OH,CH=CH(CH,),COOH 


OH 
PGF ya 


(9a,l1a,15-trihydroxy-prosta-5,13-dieno1 acid) 


j 


These substances are members of an important class of 
smooth-muscle stimulants origmally detected by von 
Euler’, who introduced the name ‘prostaglandin’, the 
recent outstanding mvestigations of Bergstrom and his 
colleagues have resulted in the separation and structural 
identification of five naturally occurring individuals of 
this closely related group of compounds®:®:10.13,14 

The prostaglandins PGE, and PGF, are certainly not 
the only active constituents present ın menstrual fluid, 
but they do account for the major part of the activity 
Although these two components aie only present ın minute 
amounts their high activity, detectable at a concentration 
of 10-3° g/ml, permitted the physiological effect to be 
discerned, at an early stago! 

Prejumnary fiactionation results gave some indication 
that the active materials were of the long-cham hydroxy- 
acid type’ This result, together with the nature of the 
activity shown, gave the fist inkling that the substances 
involved might be members of the prostaglandin series 
Accordingly, the separation techniques used so elegantly 
by Bergstrom’s schoo] ın the isolation of the prostaglandins 
from more abundant sources were applied to the menstrual 
fluid derived from 3,675 specimens, collected and treated 
as described previously’? Successive extractions with 
acetone and dichloromethane produced a crude menstrual 
lipid concentrate (about 75 g) 

The treatment of this hpid concentrate 1s briefly out- 
lined in Fig 1 Assay of the active constituents was 


3,675 SPECIMENS 
1 
CRUDE MENSTRUAL LIPIDS (75 g) 
2 
(a) (b) 
POLAR | LIPIDS (18 g) i NON-POLAR LIPIDS 
Active Inactive 
3 
(a) 


` 


(b) 


i i 
CONCENTRATE P (32g) ‘RICINOLEIC-TYPH’ LIPIDS (14 8 g) 


Highly active on rabbit Inactive on rabbit 
jejunum jejunum 
4 
Eluant 1 4-201 Eluant 2 6-321 
CONCENTRATE Q (165 mg) CONCENTRATE R (85 mg) 
5 5 
Fractions 10-17 Fractions 26-35 
CONCENTRATE S (20mg) CONCENTRATE T (5 mg) 
6 7 


CONCENTRATE U (05mg) CONCENTRATE V (05 mg) 
‘PGY"-type stimulant * ‘PGE’-type stimulant * 


Fractionation scheme for the 1salation of the active constituents 
from the menstrual specimens 


(1) Acetone and dichloromethane extraction (ref 7) (2) Elution from 
hydrophobic ‘Embacel]’ with (a) aqueous acetone, (b) acetone, ether 
(3) Reversed-phase partition chromatography on column of hydrophobic 
‘Embacel’ impregnated with paraffin oil (ref 8) (@) 30 per cent aqueous 
acetone, (b) 50-100 per cent aqueous acetone (4) Reversed-phase,parti- 
tion chromatography using 180-octanol/chloroform//methanol/water, 
1 1 9 10 v/v (see Fig 2) (5) Reversed-phase partition chromato- 
graphy using ts0-amy!] acetate/chloroform/methanol/water, 4 6 35 65 
(6) Reversed-phase chromatography using the system described in 4 
except that a phosphate buffer of pH. 7 2 pepusced the water, followed by 
re-chromatography using system 4 (7) Extraction from chloroform 
solution with a phosphate buffer pH 7 2 followed by acidification and 
re-extraction mto chloroform 


* Biossay of the concentrates obtained at each stage on the guinea pig 
uterus and the rabbit jejunum indicated that the recovery of prosta- 
gilandin-hke activity in the final concentrates was at least 90 per cent of 
that originally; present 


Fig 1 


carried out am vitro on preparations of guinea pig uterus 
human myometrium and rabbit jejunum Extraction 
of the polar lipids was followed by reversed-phase chroma- 
togiaphy® to remove the compounds of ‘ricmoleie acid 
type’ polarity This produced a concentrate, P (32 g), 
containing all the components which were physiologically 
active on the rabbit jejunum Fractionation of P using 
Bergstrom’s first system? (fig 2) afforded two active 
fractions Q (165 mg) and R (85 mg) of contrasting physio- 
logical behaviour Fraction Q, a potent stimulant of 
the human myometrium (Fig 3), was highly active on the 
rabbit jejunum, but relatively mactive on the guinea pig 
uterus Fraction F either completely mhibited or feobly 
stimulated the contractions of the human myometrium 
(Fig 3), ıt was extremely active on the gumea pig utorus 
but only moderately stumulating to the rabbit jejunum 

Separate fractionation of Q and E then followed using 
Bei gstrom’s second system’, which 1s effective m diserimi- 
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INSPIRATIONS OF ENRICO FERMI 


The Collected Papers of Enrico Fermi 

Vol 1 Italy, 1921-1988 Edited by E Amaldi, H L 

Anderson, E Persico, F Rassetti,C S Smith, A Watton- 

berg and E Segrè Pp xin + 1043 (London and 

_ Chicago University of Chicago Press, Rome Acca- 
doma Nazionale dei Lincei, 1962 ) 15 00 dollars; 120s 


al [icons can be no greater or more endurmg monu- 
ment to Enrico Fermi than his own work’’, and half 
that monument appears m Volume 1 of The Collected 
Papers of Enrico Ferma, which covers the period up to his 
departure from Italy to collect the Nobel Prize and non- 
return His papers were generally written in Italian in 
this period and aie here reprinted without translation, but 
where he published the same paper im several languages 
the Enghsh text ıs given Because Fermi died at the 
relatively early age of fifty-three there are many contem- 
poraries and collaborators who remember him well, and 
Volume 1 1s probably unique ın contaming accounts of the 
circumstances which led to many of the mvestigations 
written by well-informed colleagues, and these are all in 
Enghsh Together with the long biographical mtroduc- 
tion by Segré, they make the whole volume most fascmat- 
ing reading even without a knowledge of Italian 

Fermi was a prodigy gifted with an exceptional memory 
so that he made rapid pi ogress in mathematics and physics 
in his first university, Pisa, and had ample spare time to 
read widely, even in his thud year he published orginal 
mathematical work on the effect of a gravitational field 
on electric charges A notebook written in undergiaduate 
yeais shows with what very advanced topics he could deal 
with claiity and precision, and when. even later m life he 
needed a powerful mathematical approach to a problem he 
could readily reconstruct ıt from his earlier achievements 
For his doctoral thesis, however, the subject had to bo 
experimental, as theoretical physics was not an accepted 
subject in Italy in those days (1922) His colleague at Pisa, 
Rassetti, mforms us that Fermi obviously enjoyed his 
first essays in experimental physics, which consisted of 
produemg a curved crystal X-ray spectrometer which 
produced a focused ımage—no mean feat at that time 

On returning to Rome he met Senator Corbino, the 
duector of the Physics Institute, a man who gave the 
Fermi school such mvaluable support at a late: date 
Ferm)’s papers from Rome were theoretical, concernng 
gaseous phenomena, but after a year he was appointed 
to Florence, where he met Rassett: again and collaborated 
im experiments of some sophistication on the anomalous 
Zeeman. effect m mercury vapour Ferm: defined the 
experiment precisely and the two men successfully solved 
` the problem under conditions of great physical hardship in 
the laboratory Rassett recounts how Ferm: as a theore- 
tician, was able to work at home burning the midnight o11 
and at this time produced very quickly his great paper on 
the theory of an deal gas which would satisfy the Nernst 
principle at absolute zero and give the absolute entropy 
for low density and high temperature, the type of 
statistics used was developed at the same time by Dirac 
though Fermu’s presentation to the Academy antedates 
Dirac’s this paper won for him the chair at Rome in 
theoretical physics at the age of twenty-five and he was 
joined almost at once by Rassetti The “golden age of 
Fermi’s hfe” had begun and modern physics m Rome was 
on the move 


His work on the statistical distribution of electrons man 
atom followed in 1927 that of Thomas in the Cavendish 
Laboratory, Cambridge, and at the Como conference on 
physivs that yea his contributions ranked with those of 
the great leaders of physics By 1928 his school m Rome 
had apphod his statistics to a number of atomic problems 
which he reviewed in the Debye conference at Lerpzig 
Segrè and Amaldi recount how smoothly he proceeded 
with complex calculations and taught the young school 
of theoreticians who were gathermg around him, and in 
1929 some of these went to laboratories outside Italy to 
strengthen their experimental activities, without these 
experiences the complex neutron research of later years m 
Rome would not have proceeded so well He continued 
theoretical work for three years on atomic and molecular 
problems and wrote the long review ın Revue of Modern 
Physics 1922 on quantum theory of radiation known to all 
students of those days, but “the advent of quantum 
mechames in Fermi’s opinion signalled the completion of 
atomic physics tho future lay m the exploration of the 
nucleus”’ (Segrè) 

Segré reminds us of the swiftly-moving events of 1932, 
unfortunately the Fermi1eview (paper No 72 of his works) 
on the nucleus presented to the fifth International Confer- 
ence in Paris in July of that year ıs not reprinted ın these 
collected papers, an error, ın my opmuion, m view of the 
volcanic upsurge which had just occurred Wertenstem 
confused the neutron just then born with the neutrino, a 
product of Pauh’s hypothesis for B-ray decay but called 
by Paul a “neutron”, thereby unwittingly mfrmging 
Rutherford’s 1920 name for a hypothetical particle of 
pioton mass Fermi suggested the dimmutive jokingly 
and ıt has remaimed for the B-decay particle from that day 
m October 1931 He worked on the B-decay theory and 
submitted an account to Nature, which was rejected as too 
remote from physical reality to be of mterest to readers, so 
the full paper was published in Italy and has stood the 
test of time, alas, Fermi did not live to see a few neutrinos 
captimed m thousands of gallons of water, the paper No 
76 and fuller accounts are all reproduced 

The young experimenters had returned to Rome and, 
with Rassetti, Fermi constructed nuclear instruments and 
prepared a strong polonium/beryllium neutron source 
Curie and Joliot had produced artificial radioactivity with 
a-particles, Fermi suggested using neutrons and almost 
instantly produced radioactive fluorme Rutherford was 
one of the first to congratulate him, and further to con- 
gratulate him “on your successful escape from the sphere 
of theoretical physics '’? (one can see Rutherford made 
little sense of the @-decay theory!) Some difficulties 
were encountered with the experiments and Ferm: decided 
to try filters made of paraffin wax instead of lead, strong 
activities were at once produced and m perplexity the 
experimenters went to lunch When they returned at 
3 pm Ferm had the answer all worked out the fast 
neutrons had been slowed by collision with hydrogen 
atoms and were then more easily captured, thus raising the 
amount of artificial radioactivity produced by a very large 
factor Prof Corbmo, who followed this work keenly, 
advised taking out a patent; this was mstantly filed, the 
patent basic to the use of a moderator ın a nuclear power 
reactor used on a massive scale in the huge reactors at 
Hanford, Washington, m 1944, for the production of 
wanium-239 which decays to plutonium, perhaps one of 
the most far-reaching patents of alltime All the papers 
on neutron-mduced radioactivity are reprinted, including 
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the famous paper ın the Proceedings of the Royal Socrety 
describmg the enhanced effects of slow neutrons, and the 
suggestion that some of the activities of radiated uranyum 
samples might be due to “‘transuranie elements” 

As ltaly prepared for the Ethiopian war, the Rome 
school dispersed There followed a number of papers 
dealing with nuclear resonance levels, a tribute to Prof 
Corbmo, and to Lord Rutherford ‘‘whose efforts had 
opened up one of the widest, and as yet unfathomable 
fields of investigation” (written 12 months before fission 
was discovered), and finally the Nobel Prize Address, 
December 10, 1938, after which Ferm: sailed for the 
United States T E ÅLLIBONE 


Ed 


PLASMA PHYSICS AND RELATED 
TOPICS 


Plasma Physics and Magnetofluidmechanics 

By Ali Bulent Cambel (McGraw-Hill Series on Missile 
and Space Technology) Pp xn+304 (New York 
McGraw-Hill Book Company, Inc , London McGraw- 
Hill Pubhshmg Company, Ltd , 1963) 89s 


An Introduction to Plasma Physics 
By Dr W B Thompson. Pp. vin+256. (London and 
New York Pergamon Press, 1962.) 70s net. 


An Introduction to Waves, Rays and Radiation in 
Plasma Media 

By Dr J J. Brandstatter. Pp x1v+690 (New York 

McGraw-Hill Book Company, Inc , London McGraw- 

Hull Publishmg Company, Ltd., 1963) 116s 6d 


Proceedings of the Symposium on Electromagnetics 
and Fluid Dynamics of Gaseous Plasma, New York, 
N.Y., April 4, 5, 6, 1961 

Edited by Jerome Fox, m association with Martha 

Crowell (Microwave Research Institute Symposia Series, 

Vol. 11) Pp xxiv+468 (Brooklyn, NY Polytechnic 

Press of the Polytechme Institute of Brooklyn, London 

John Wiley and Sons, 1962) 60s 


Plasma Hydromagnetics 

Sixth Lockheed Symposium on Magnetohydrodynamucs 
Edited by Daniel Bershader Pp vı+146 (Stanford. 
Cahiforma Stanford University Press, London: Oxford 
University Press, 1962) 36s. 


Plasma Physics and Thermonuclear Research, Vol 2 
Edited by C L Longmire, James L Tuck and W. B 
Thompson (Progress in Nuclear Energy, Series 11.) Pp 
vui+363 (London and New York. Pergamon Press, 
1963) 100s net 


“to books on plasma physics consist of three text- 
books, two symposium reports and a review of plasma 
physics and thermonuclear research As ıs mevitable, 
since both the symposia and the review of thermonucloar 
research cover periods only up to the middle and end of 
1961, much of the work arousing considerable interest at 
the present time 1s not included For example, ın the 
review of plasma physics there is no mention of finite 
resistivity mstabilities nor of the hybrid mirror contam- 
ment systems of the Ioffe type However, these volumes 
enable some topics and papers, which would normally be 
scattered throughout the literature, to be brought together 
in such a way that a more uniform account of various 
aspects of the subject can be obtamed Throughout all 
six books reference to the original contributions 18 facili- 
tated by extremely extensive bibliographies 

The text-books are respectively one of a fairly elemen- 
tary neture, which could be used for an mtroductory 
course on megnetogasdynamics, an intermediate text 
giving an introduction to the dynamics of an idealized 
plasma, and an advanced text mainly concerned with the 
propagation of waves in anisotropic plasmas 
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Plasma Physics and Magnetofiucdmechanics could be 
used as an mtroductory text for all mterested ın the 
dynamucs of electrically conducting gases in the presence 
of appled electric and magnetic fields The subject-matter 
has a broad scope, but there 16 a distinct bias towards the 
engineering approach. Much of the early part of the book 
is an elementary review of the relevant electromagnetic 
theory, including a brief introduction to waves and wave 
propagation Properties of the ionized gas aie*then con- 
sidered, including ionization and recombmation, thermo- 
dynamucs, and transport phenomena The flow equations 
of magnetofludmechanics are obtamed both from the 
Boltzmann equation and from a macroscopic pomt of 
view These lead to a discussion of Alfvén and shock 
waves Various flow problems m the presence of 
magnotic fields, such as Couette and Poisseulle flow, are 
considered in detail and the results of these analyses are 
expressed in terms of a largo number of similarity para- 
meters The title is shghtly misleadimg since there 18 no 
discussion of many of the usual problems of plasma 
physics, such as that of stabilhty 

A study of the dynamics of an idealized plasma in 
which inelastic processes (including ionization and recom- 
bination) are unzmportant ıs presented in An Introduction 
to Plasma Physics Although mtended as an introductory 
text some prior knowledge of both theoretical and plasma 
physics ıs essential, for at times the alguments m this book 
are difficult to follow This is possibly due to the large 
number of minor errors which are not always obvious and 
aro sometimes misleading The whole book presents a 
very comprehensive account of plasma dynamics, and, 
since much of the material is not readily available else- 
where, 1t should be very useful m the understandmg of 
specialized theoretical papers After mtroductory chap- 
ters, the book gives a full mathematical discussion of 
magnetohydrodynamuics and magnetohydrodynamic sta- 
bility The later chapters on plasma dynamics and 
particle motions, and the kinetic theory of plasmas, are 
by far the best and most fundamental Derivations are 
made of the Vlasov equation, the Fokker-Planck equation, 
and the magnetohydrodynamuc equations, and there is 
included a good account of the dielectric properties of a 
hot plasma and an intioduction to the concept of fluctua- 
tions 

Magneto-sonie waves and low-frequency oscillations of 
a uniform magnetized plasma are dealt with ın W B 
Thompson’s book, but for a fuller account of waves and 
wave propagation one must recommend An Introduction 
to Waves, Rays, and Radiation m Plasma Media 

This 1s an advanced text-book givmg a very complete 
and unified tieatment of the various factors which affect 
the propagation of waves, rays and radiation in aniso- 
tropic and mhomogeneous plasma media The fairly 
detailed mathematical formulation is of a mixed vector- 
tensor—matiix type, and throughout the basic physics 1s 
kept clearly in view There ıs a certain bias towards the 
propagation of electromagnetic waves and ionospheric 
appheation but a full account of other modes of piopa- 
gation (such as magneto-elastic, magneto-acoustic, and 
shock waves) are mcluded The latter are obtamed from 
the magnetohydrodynamie equations, which meidentally 
are derived in detail Propagation ıs considered also im 
terms of a microscopic description for a low-density plasma, 
obtamed from the Boltzmann equation The sections on 
piopagation of rays and radiation are almost self-con- 
tained The radiation considered ıs that due to collective 
motions in a homogeneous anisotropic plasma, brems- 
strahlung and radiation characteristic of ionization pro- 
cesses are not included The section on ray propagation 
18 probably the only such treatment conveniently available 
in text-book form 

Some of the problems of wave phenomena aie also con- 
sidered in the Proceedings of the Symposvum on Electro- 
magnetics and Fluid Dynamics of Gaseous Plasma This 
is a collection of twenty-three papers presented in the 
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Microwave Research Institute Symposia Series n New 
York during April 4-6, 1961 This symposium brought 
together electromagneticists and fludmechanicists to 
discuss topics of interest ın the non-thermonuclear range 
On the theoretical side, attempts were made to unify the 
approach to plasma problems through both the moment 
equations akin to the macroscopic treatment of the flud- 
dynamicists, and the microscopic treatment via the distri- 
bution functions and the Boltzmann equation There was 
some discussion on shock phenomena and magnetohydro- 
dynamic channel flow The experimental studies in- 
cluded shocks, transmission and reflexion of microwaves 
and propagation properties concerned with communica- 
tions problems, and the significance of plasmas for aero- 
dynamic hft, thrust and drag To some extent the papers 
at this symposrum had been condensed by their authors 
to such a degree that excessive reference has to be made 
to origmal contributions 

This criticism cannot be made of the articles m Plasma 
Hydromagnetics, for each contribution tends to be self- 
contamed In this book of the sixth Lockheed Symposium 
on Magnetohydrodynamics, held ın December 1961, 
there are eight articles by prominent authors on diverse 
aspects, both theoretical and oxpermmental, of the 
dynamics of plasmas These reviews are well presented 
and deserve a place on any plasma physicist’s bookshelves 

W B Thompson discusses particle mteractions in a 
plasma and (using techniques of the same-type as those 
outhned m his book) calculates the electric microfield and 
afterwards obtains an expression for the scattermg of 
1adiation froma plasma ‘This 1s extremely mteresting ın 
view of the scattering experiments using a laser which are 
bemg attempted at the present time R M Patrick and 
M Camac discuss an experimental investigation of coll- 
sion-free shock waves in a magnetic annular shock-tube 
In view of charge-exchango effects, 16 18 still not possible 
to say that the required dissipation m the shock is pro- 
duced by non-lhnear interactions between magneto- 
hydrodynamic waves P A Sturrock is concerned with 
the energy and momentum associated with waves in 
plasmas R Lust reviews the application of plasma 
physics to problems in solar physics, and discusses the 
role of hydromagnetic waves ın heating the solar chromo- 
sphere and corona R Karplus studies the absorption of 
low-frequency hydromagnetic waves ın the lower iono- 
sphere and related dispersion and dissipation phenomena 
leading to ionosphere heating In their article on hydro- 
magnetic 1onizing waves, W B Kunkel and R A Gross 
consider theoretical solutions for a magnetically driven 
1onizing shock propagating into an undisturbed magnetic 
field, and B Sonnerup deals with the theory of magnoto- 
gasdynamic flow ın slowly divergmg two-dimensional 
channels ın such a manner that compressibility effects are 
meluded Fimally, R F Post gives a complete review of 
the nature of plasma instabilities which might be encoun- 
tered ın mirror machines, with the inclusion of a discussion 
of finite Larmor radius effects and some experimental 
1esults 

Plasma Physics and Thermonuclear Research (Volume 2) 
contains, as the title indicates, reviews of work being 
cared out on controlled fusion The bulk of this book 
was prepared before the 1961 Salzburg Conference, and 
thus, m this case, the account by R F Post of the Mirror 
Machine Program (1958-1961) contains no mention of 
finite Larmor radius effects Other reviews on this volume 
are those on OGRA, the DCX Program, fast magnetic 
compression experiments, cusp contamment, hard-core 
pinches and rotating plasma devices, together with 
articles on the problems of cyclotron radiation and acceler- 
ation of plasmas Smee the first volume m this series was 
published ın 1958, there has been some slowmg down of 
the tempo of both theoretical and experimental mnvesti- 
gations into confinement and other problems of thermo- 
nuclear research This volume is notable for mdicating 
the increasmg awareness of the difficulties of the thermo- 
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nuclear problem, although some optimism (which still 
has not been rewarded) is shown Diagnostic techniques, 
too, have been considerably refined, for example, elegant 
continuum measurements have been made on Scylla 
using an X-ray crystal spectromoter 

As a summary of the period 1958-1961 this volume 
cannot be improved, but since, in this case, most of this 
material (and much more besides) 18 now available in the 
proceedings of the 1961 Salzburg Conference (Nuclear 
Fusion 1962 Supplement), 1t1s a pity that we had to wait 
until 1963 for this book J COOPER 


A COMPENDIUM OF PHYSICS 


American Institute of Physics Handbook 

Edited by Dr. Dwight E Gray (Co-ordinating Editor) 
Pp xv+2118 Second edition (New York McGraw- 
Hill Book Company, Inc , London McGraw-Hill Pub- 
lhshng Company, Ltd, 1963) 231s 


N 1957 the American Institute of Physies brought out 
a 1,500-page Physics Handbook, and now, six years 

later, wo are offered this second edition, enlarged by some 
600 pages and brought very much up to date The first 
edition quickly established itself as a working reference 
and was highly appreciated by many engaged in research 
or m advanced teachmg and by many preparmg text- 
books The content of a publication of this character can 
be reasonably judged on three grounds, namely rehabilty, 
coverage and accessibility Only time and detailed usage 
can reveal any errors in so formidably large a content 
The extent of the field covered 1s certainly very impressive, 
indeed no less than 127 authors have contributed to this 
compilation, which mncludes definitions, formule, tables 
and data m graphical form There are, however, un- 
doubtedly some infelicities ın this pubhcation m con- 
nexion with the accessibility of the massive information 
packed between the covers 

In this edition there are nme sections, one more than 
im the first edition, this dealmg with solid-state, which 
also includes several items formerly dispersed withm the 
other sections Despite the mere six years between the 
two editions this volume contains numerous changes, and 
not always additions Section I (computational), which 
formerly was merely a five-page list of available mathe- 
matical tables, has been expanded to a 56-page article 
deseribing and illustratmg computors and their apphica- 
tions Section 2 (mechanics) remains laigely as before, 
increasing shghtly to 263 pp In the section on acoustics 
which follows, there 1s a marked reduction by 22 pp, toa 
total of 156 pp , largely through ehmination of the former 
excessive 33-page section devoted to illustrations of 
umpedance analogies This cut 1s a real mprovement 
The section 4 on heat ıs doubled ın length, now covering 
330 pp, and a good deal of this arises through inclusion 
of tables for vapour-pressure and for heats of combustion 
Electricity and magnetism, ın 291 pp , remains largely as 
before, although there are numerous changes in distribu- 
tion of material and especially additions ın connexion 
with magnetic properties of materials 

The optics section 1s practically doubled now (239 pp ) 
Many more refractive indices are included and a section 
on lasers is also incorporated The section entitled atomic 
and molecular physics, devoted very much to spectra, 15 
covered in 229 pp and ıs very much as before Naturally 
enough, nuclear physics has expanded and now covers 
326 pp The thoroughness of this section is illustrated 
by the fact that the lst of accelerators m operation 
throughout the world ıs so detaued that this table alone 
fills 40 close-packed pages 

The final new section, which 1s devoted to sohd-state 
physics, occupies 160 pp In this there are extensive 
tables on crystallographie data, electrical properties of 
metals and semiconductors, extensive diffusion tables for 
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1oni¢e crystals and formidably detailed pages of references 
to original papers Included are compact sections on 
dislocations in crystals and on lummescence effects There 
1s indeed a great deal in this new section 

The book concludes with a 60-page dex in which are 
perhaps some 6,000 items 

The only real weaknesses ın the volume are connected 
with indexing and with accessibility of imformation 
ucluded One can indesd criticize several items The 
indexing 18 woefully madequate For example, optical 
data of value are given m a table for 230 crystalline 
minerals, yet not a single one of the names of these 
minerals appears in the mdex, neither obscure munerals 
nor common minerals One might have hoped, as just 
one example, to find the name mica, or at least muscovite, 
somewhere ın the index of a reference hand-book, but this 
18 Only one of hundreds of :1tems, possibly thousands, which 
are missing Then agam some real search difficulties arise 
through curious tabulation even of these very 1tems just 
mentioned, for the mimerals are arranged in order of 
increasing refractive index and not alphabetically This 
is & pure absurdity, ın that ıt presupposes that a searcher 
already knows the refractive index of a mmeral fairly 
closely when mdeed he 1s seeking 1ts value Not to have 
an alphabetical lst of the mmerals ıs an unforgrvable 
oversight In any event, the separation of mmerals mto 
different tables for biaxials and uniaxtals ıs no help, since 
this also imphes previous knowledge of the optical charac- 
ter when beginning @ search, no doubt a simple matter 
for a distinguished mmeralogist, but certainly bewildermg 
to a young research physicist 

It 18 a matter for considerable regret that so magnificent 
a compilation of data should be marred by problems of 
accessibility The mdex should certamly be very greatly 
expanded in any future editions, which I very much hope 
will appear ın due course As one has now come to expect 
from McGraw-Hill, the production of the volume is first 
rate both as regards format and typescript, diagrams and 
binding and the cost ıs by no means unduly high when 
account is taken of the formidable mass of content The 
initiative for the production of this valuable hand-book 
came from the Amean Institute of Physics, and the 
editor, D E Gray, 1s to be congratulated on a production 
which reflects a worthy sense of co-operation and team 
spirit This volume should be acquired by every physics 
laboratory whether devoted to research, to development 
or to teaching S ToLansky 


AUTOMATIC CONTROL 


Servomechanisms 


By L A Stockdale Pp vir+295 (London Su Isaac 
Pitman and Sons, Ltd, 1962) 35s net 


Progress tn Control Engineering 

Vol 1 Edited by R H Macmillan, T J Higgins and P 
Nashn Pp vi+260 (London Heywood and Co, 
Ltd , 1962) 63s net 


OF the many volumes that have appeared in the field 
of automatic control ın recent years few have been 
written as, or been suitable for, student text-books The 
appearance of Servomechanisms helps to redress the 
balance in this respect, having been written specifically 
for technical college and university students by a practis- 
ing teacher in the field 

After a short mtroductory and non-mathematical 
chapter on the principles of control, three chapters are 
devoted to system ‘hardware’, meluding error detectors, 
motors and amplifiers System analysis commences at 
Chapter 5 with the Laplace method applied to second- 
order systems, followed by an early mtroduction to trans- 
fer functions These are used in the subsequent treatment 
of dampmg, phase-advance and mtegral compensation, 
and the effects of feedback and feedforward A chapter 
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entitled “Transfer Function Analysis’? imeludes the 
algebraic stability criteria and a brief mention of the root- 
locus method, makmg the valid pomt that computors 
and simulators are probably of greater value in designing 
for satisfactory response 

Two chapters dealng with harmonic response and one 
describing the log-modulus method include analysis of 
the effect of phase advance and retarding circuits and a 
description of test equipment for these methods Three 
final chapters mtroduce the describing function and phase- 
plane methods for non-lnear systems, and sampled-data 
systems 

The content and arrangement of this book, which m- 
cludes numerous examples at the end of each chapter, 
seem ideally suited for ıts purpose and deserve that ıb 
be widely used 

Progress ın Control Engineering 1s the first of a series of 
reviews of various aspects of the subject, similar to the 
reviews already appearmg m several other fields Of 
the eight subjects treated four deal with general analytical 
methods while the others are concerned with more special- 
ized topics In the first category are statistical methods 
(M. J Pelegrin), operational and transform techniques 
(B M Brown), time-lag systems (N H Chosky), and 
frequency response techniques apphed to non-lmnea1 
systems (P E W Grensted) Of the more specialhzed 
topies are “The Governing of Diesel Engines” (D B 
Welbourn), “The Human Operator m Control Instru- 
mentation”? (T B Sheridan), “Automatic Control by 
Pneumatics” (R Molle and J Rasquinet), and a contribu- 
tion on the place of digital computors m control (M VY 
Wilkes) 

Each subject 1s developed from a pomt which demands 
very httle ın the way of specialized previous knowledge, 
and aims to bring the reader to the stage where he can 
“understand and appreciate both present-day work in the 
field and the lmes along which future developments are 
to be expected” In the mam the contributions achieve 
this objective, and this volume could well be the first 
of an mteresting series E M DEELEY 


CERAMICS AND THE ‘HEAT BARRIER’ 


Special Ceramıcs 1962 

Proceedings of a Symposium held by the British Ceramic 
Research Association Edited by P Popper Pp xm+ 
482 (London Academic Press, Ine (London), Ltd., 
New York Academic Press, Inc, 1963 Published for 
the British Cerarnic Research Association ) 105s 


UOTING from the cover to this volume ‘With the 
riso of new technologies and the quest for higher 
operating efficiencies at ever higher temperatures, the 
engineer looks to the ceramist to supply new, high-per- 
formance materials where metals or traditional ceramics 
fall short”? This collection of papers, lıke its predecessor, 
Special Ceramics, published some three years ago, includes 
a number by authors of international repute There are 
25 papers in all, an increase of 20 per cent compared with 
the previous volume, and there was also a similar increase 
in the attendance at the symposium, reflectmg the growing 
interest in these new and challenging fields 
The topics fell broadly mto the followmg groups 
preparation and properties of refractory non-oxides and of 
beryllium oxide, pyrolytic deposits, measurements; 
techniques; appheations The matemals covered are 
mostly non-oxides, but a few oxides, ın particular those of 
berylluum, aluminium and titanium, are included Meas- 
urements melude rapid methods of determmmg thermal 
expansion and thermal conductivity Among the tech- 
niques are powder compaction, reaction sintermg, hot 
pressing, as well as pyrolysis Applications melude high- 
temperature nuclear fuels, moderators, ete, parts for 
rocket motors, protective coatings for refractories, oriented 
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graphite susceptois for use up to 3,400° ©, particle 
accelerators, high-power microwave absorbing elements, 
super-refractories for magneto-hydrodynamic power gen- 
erators, and ceramuc-to-metal seals for atomic energy 
applications G 

The book ıs excellently produced and the text 1s well 
Wlustrated The wealth of new material presented will 
commend it primarily to the specialist However, due m 
great measure to the care with which the contributions to 
the sympostum have been transcribed and edited, most of 
the text will be found very readable, even by the non- 
specialist, who could well draw inspiration from the 
ingenuity brought to bear on some of the problems en- 
countered. For example, the use of (very rapid) ‘plunge 
sintermg’ in order to utilize the heat of an exothermic 
reaction for sintering uranium monocarbide, and again, 
the elegant method used to avoid contamination during the 
nitriding of aluminium, by levitating the latter m a radio- 
frequency field There are, of course, numerous points of 
fundamental significance, to name but two-—rate-detorm- 
wung processes in sintering, and the filamentary, electri- 
cally conducting paths observed in rutile, apparently 
related to the time-dependence of conductivity in the 
unique crystal direction B E WAYE 


COMETS 


The Nature of Comets 

By Dr Nikolaus B Richter. Translated and revised 
edition by Dr Arthur Beer. With an Introduction and 
Additional Contributions by Dr R. A Lyttleton Pp. 
xli+221 (London. Methuen and Co , Ltd., 1963 ) 63s net, 


N 1954, J. A Bath of Leipzig published Statest.k und 
Physik der Kometen by Dr N B. Richter. The 
monograph summarized the main observational and 
thooretical features of the nature and behaviour of comets 
and did much to stimulate mterest m a rather neglected 
field of enquiry. Since then cometary mvestigations have 
acquired greater importance, due m part to the rapid 
development of space research and also to the interest 
aroused by the appearance of Comet 1957 III Arend- 
Roland and Comet 1957 V Mrkos 
In this, the first English edition of Richter’s monograph, 
the original text has been brought up to date by extensive 
revision and the addition of new material Further, 1+ 
contains a challenging introduction by Dr R A. Lyttleton, 
well known in cometary astronomy for his accretion theory 
of the structure and origin of comets In this, Lyttleton 
presents his personal views and criticisms of the present 
state of cometary theory He makes ıt clear that he 
does not agree with all the conclusions of Richter, Oort 
and Whipple According to Richter, almost the entire 
mass of a comet resides in its comparatively small nucleus, 
which consists of solid material ranging from dust particles 
to chunks of meteoritic size As the nucleus approaches 
close to the Sun, solar radiation causes it to emit gases 
These gases form the coma, while radiation pressure and 
corpuscular radiation drive out the cometary tal. Lyttle- 
ton, however, remarks that once the existence of large 
chunks of rock is postulated ıt becomes necessary to 
explam why none of them ever get into meteor streams, 
During a reh meteor shower, milhons of small meteors 
are myected mto the Earth’s atmosphere, but so far 
without a single large object of metcoritic proportion 
coming in at the same time on the same path He also 
considers that Richter’s analysis amounts to convmeing 
proof of the inadequacy of solar heating to account for 
the great longevity of certain large tail-producing comets 
According to Oort the Sun is encompassed by a very 
distant spherically distributed swarm of comets On 
the very rare occasions when stars pass sufficiently close 
to the shell they perturb a comet so that ıt leaves the 
shell, falls towards the Sun, and becomes visible from the 
Earth. So rarely does this happen to a single mdividual 
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comet that to meet the observed actual supply some 10"? 
comets are assumed to reside in the shell. Lyttleton con- 
siders that the hypothesis of the cometary shell ıs valueless 
It cannot (as yet) be verified by observation; does not 
serve to correlate observations, m no way explains the 
origin of comets, and thus provides no clues whatever as 
to their structure Whupple’s theory has similar lunita- 
tions It postulates a cometary nucleus in the form of a 
conglomerate of ices and meteoritic particles Under 
the action of the Sun's heat volatile compounds in the 
ices are evaporated and sufficiently irradiated to exhibit 
the emission lines observed in cometary spectra Lyttleton 
claims that both theories are merely speculative descrip- 
tive schemes which have no foundation for their hypothe- 
ses in either established astronomical fact or attested 
theory The way in which he arrives at this conclusion 
and then resolves certain objections levelled agamst the 
accretion theory shows a nice appreciation of the value 
and umportance of the principles of scientific method 
After giving a short account of the historical develop- 
ment of cometary research, Richter proceeds to describe 
statistical results regarding orbital forms, inclinations 
and aphelion distances, the perturbations produced by 
Jupiter, the ‘capture hypothesis’, comets with planetary 
orbits and comet groups Section 3 deals with the struc- 
ture of comets, that is, with the progress made in determ- 
imng the dimensions, masses, densities and nature of 
cometary nuclei, heads and tails Section 41s of particular 
interest since it gives a preluminary summary of the work 
done on the two bright comets of 1957 Both objects 
were subjected to extensive photometric, polammetric 
and spectrographie observations Richter’s discussion of 
the available material helps towards clarifying the prob- 
lems opened up ın the last four sections, namely comets 
as processes of cosmic decay, the origun and formation of 
comets, cometary problems for future research work; a 
typical model ofa comet A number of valuable cometary 
tables, a generous bibliography and adequate name and 
subject mdexes complete the monograph Dr A Beer 
has made an excellent job of the translation The texi 
reads well and ıs embellished with a well-chosen set of 
reproductions of photographs of comets A book so 
interesting and informative deserves the widest possible 
readership It may not achieve this, but it will, at least 
be read with pleasure and profit by all astronomers. 
professional and amateur ahke H C Kine 


THEORY OF ELECTRICAL MACHINES 


Electric Machine Analysis using Matrices 
By Dr W J Gibbs Pp vwn+70 (London Sur Isaac 
Pitman and Sons, Ltd, 1962) 17s 6d net. 


ETHODS of analysis for the mvestigation of the 
behaviour of electrical machines began to be 
developed ın the 1880’s_ For alternating current machines 
the technique of the vector diagram, the equivalent circuit 
and the-utilzation of complex numbers ın circuit analysis 
achieved universal application in the first two decades of 
the present century. Each type of machine was analysed 
mndividually. 

What is now termed the ‘generahzed theory of electrical 
machines’ has been developed during the past thirty 
years Expressed ın terms of the basic equations of an 
idealized machine and utilizmg matrix or tonsor methods 
for their manipulation, 1t 1s possible to establish a general 
theory of electrical machines which will comprehend the 
behaviour of practically all types of machine under all 
conditions of operation This unified theory was pro- 
pounded and developed by Gabriel Kron It is with this 
subject that Dr Gibbs’s book deals 

The book aims to present the mathematical basis of 
the theory as simply and clearly as possible A short 
introductory chapter describes the purpose of the general- 
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ized analysis, 1ts lmıtatıons and rts method of approach 
Chapters 2 and 3, entitled, respectively, “The Funda- 
mental Machine” and ‘“Two-Axıs Theory”, comprise the 
setting up of the machine equations m terms of the basic 
two-phase system and the development of the transforma- 
tions for two-axis representation In these two chapters, 
ım the course of developing and manipulating the equa- 
tions, the notation of matrices and certam matrix opera- 
tions are introduced 

The next two chapters deal with transient and sub- 
transient conditions and with the setting up of the 
torque equations and, in the latter connexion, the rules of 
matrix multipheation are more fully exemplified It 1s 
at this point that the analysis of machines of different 
types ıs taken up, direct current machimes, mduction 
motors and genera] commutator machines forming the 
subjects of mdividual chapters The treatment is com- 
pleted by a chapter dealing with small oscillations 

The book concludes with a short chapter entitled 
“Tensors” in which the author describes the relationship 
of electrical machme theory to differential geometry, 
the absolute differential calculus and to tensor calculus 

No prior knowledge of matrix theory 1s assumed The 
requisite rules of operation are developed as required and 
their utilty and valdity demonstrated by appropriate 
examples ‘The most mportant fundamental concept of 
the “connection matrmx’’ 1s mtroduced m the simple 
example of the de series machine and is then more 
fully developed in relation to ac machines The author 
states at the outset that, “The true concepts behind the 
two-axis theory aro mathematical and for that reason the 
mathematical treatment ın this book ıs less complicated 
and more satisfying than the usual physical approach” 
This claim can, m large measure, be sustamed The 
theory 1s developed ın a clear, logical and systematic 
fashion and constitutes an excellent mtroduction to the 
subject. None the less, physical conditions viewed along 
with mathematical development can llummate the subject 
and, by adding realism, carry conviction The basic 
concepts which underlie two-axis theory could with advan- 
tage have been ulustrated from the physical pomt of view 

Dr Gibbs has arranged his presentation of the subject 
so as to lead into the important topics with a minimum 
of digression, and he has succeeded m devclopmg with 
remarkable economy and clarity the prierples of the 
subject to a pomt at which the reader can enter the more 
general literature of the field To a reader with a back- 
ground knowledge of the conventional theory of electrical 
machines the treatment is admirably suited In particular 
the book will serve well the needs of teachers of under- 
graduate courses dealmg with electrical machmes, and of 
students in the final year of such courses J GREIG 


A RUSSIAN VIEW OF EARTH 
HISTORY 


Basic Problems in Geotectonics 

By V V Beloussov Edited by John C Maxwell Trans- 
lated by Paul T Broneer (International Series in the 
Earth Sciences) Pp xvi+809 (New York McGraw- 
Hill Book Company, Inc , London McGraw-Hill Pub- 
lishing Company, Ltd, 1962) 108s 6d 


ASIC Problems ın Geotectonics 1s a monumental syn- 
thesis of Earth structure m which Dr Beloussov 
presents what he believes to be the mam outcome of 
geotectonic research in the U S S R since the Revolution 
The subject has long been a controversial one, and some 
of the facts and theories presented in this book are likely 
to be disputed by many workers ın this field 
After a preluminary summary of the history of develop- 
ment of geotectonics there follow an outline of the 
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internal structure of the Earth and a discussion of its 
origin The classification of structural forms observed in 
rocks exposed at the surface 1s both novel and stumulating 
The following section on present and past vertical oscil- 
latory movements ıs an important one, as these observa- 
tions form the basis of his mam thesis The maps and 
sections which illustrate the varnations im facies and 
thicknesses of Paleozoic and Mesozoic formations im 
Central and Western Russia should prove to be of par- 
ticular interest to workers outside the USS R , as they 
give a clear summary of detailed work not always easily 
accessible in this form ‘The next section discusses the 
theories of formation of folds and faults, and the last two 
parts present Dr Beloussov’s views on the processes which 
have led to the arrangement of the larger structural units 

Dr Beloussov 1s very critical of the idea that orogenic 
belts are developed ın regions of large horizontal displace- 
ment, although he does find ıt difficult to see how vertical 
movements alone can lead to the development of moun- 
tam chains where the rocks have been tightly folded and 
apparently strongly compressed Hus belief in the prime 
importance of vertical movements leads him to assume 
that our knowledge of linear fold zones 1s totally ın- 
adequate and probably fundamentally imcorrect He 
suggests that the folding in the Appalachian Mountain 
chain has been iecorrectly mterpreted, and that the 
greater part of the nappe structure of the European 
Alpme chain is geometric speculation and, to use one of 
his favourite and frequent criticisms, ‘‘formalistically 
unsound” The notion that all fold belts are developed 
on the plan of the Alpme model could certamly be 
eriticized, but Dr Beloussov’s demal of the accepted 
structural geometry of the Alps seems scientifically 
responsible For example, no Alpine geologist would 
dispute that the Prealpme nappes have been displaced 
horizontally at least 60 km, not, as Beloussov suggests, 
a mere ll km He explains the formation of linear fold 
belts by vertical movements on long and deep funda- 
mental flaws m the crust Vertical movements on these 
faults lead to the stretching of the sedimentary cover, 
and a later reversed movement of the fault-block causes 
the previously stretched beds to become shortened and 
folded as they settle back into their original posrtion 

Dr Beloussov believes that the deep ocean basins 
represent regions of subsidence formed as the result of a 
process of basification or “‘basaltization” of a relatively 
homogeneous granitic crust ın comparatively recent 
geological time 

This is a book which all mterested in Earth structure 
should read, for m ıb the evidence supporting the theory 
of oscillatory vertical movements of the crust ıs farrly 
fully documented It should stimulate the reader to 
re-examine many of the generally accepted facts and 
theories, although Dr Beloussov’s partisan approach to 
Earth science might be found to be somewhat exasper- 
ating J G Ramsay 


THE HALLEY BAY EXPEDITION 
OF THE ROYAL SOCIETY 


The Royal Society International Geophysical Year 
Antarctic Expedition 

Halley Bay, Coats Land, Falkland Islands Dependencies, 
1955-59 General Editor Sw David Brunt Vol. 2 
Radio Astronomy, Ionospheric Physics Pp xv + 289+ 14 
plates Vol 3 Seismology, Meteorology Pp. xvn+ 
382+5 plates (London The Royal Society, 1962) 
140s , 23 dollars per volume 


IGHT from the inception of 1ts International Geo- 
physical Year Antarctic Expedition it has been one 

of the aims of the Royal Society that the results should 
be available promptly, particularly ın view of the pace of 
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„present-day developments in geophysics. It 1s a consider- 

able achievement that three volumes, contaimmg extensive 
tables of the essential data obtaimed, as well as careful 
analyses of the material available, should have been 
published so soon after the close of the International 
Geophysical Year (see Nature, 192, 1004 (1961) for 
review of Volume 1) The present review of Volumes 2 
and 3 can give no more than a bare outline of the consider- 
able results achieved. 

Volume 2 deals with radio astronomy and ionospheric 
physics The report on radio astronomy ıs presented in 
two sections ‘The first section, by P M Brenan, deals 
with observations of radio-star scintillation, using a radio- 
source m Centaurus, a careful study has been made 
enter aka of the height of the diffracting screen to which 
the scmntillations are attributable, the drift velocities of the 
1onospherie irregularities causing scintillation, the seasonal 
and diurnal vamations, and the size and shape of the 
ionospheric irregularities The overall conclusions are 
that the height of the diffracting screen 1s below 1,100 km 
and probably below 500 km, and that the irregularities, 
which are steeply mclined to the horizontal, are of width 
24 km and of length greater than 120 km, the irregular 
sereen at Halley Bay presumably forms a broad band 
between the E and F regions at altitudes between approx- 
imately 100 km and 200 km The second section of the 
radio-astronomy report, by D P Harrison, describes 
radio-echo observations of aurore and meteors The 
difficulties of operating the equipment at Halley Bay were 
successfully overcome, and, m fact, Halley Bay proved 
to be a particularly suitable site for observation A errtical 
discussion is given of the results of the radio-echo data, 
and tables of mdices and counts, arranged chronologically, 
describe the levels of auroral and meteor activity 

The report m Volume 2 on ionosphere physics, by 
W H Bellchambers, L W Barclay, D L M Cansfield 
and W R Piggott, describes the Halley Bay equipment 
for radio-wave measurements of the 1onosphere, and gives 
a detailed discussion of the experrments, these were 
planned to provide. (a) 1onograms showing the relations 
between the frequency of the radio-waves and the equiva- 
lent heights from which they were reflected; (6) measures 
of the absorption suffered m the ionosphere by radio- 
waves of frequency 2 2 and 4 0 Mejs, (c) measures of the 
horizontal drift velocity of local irregularities m the 
reflecting layers of the E and F regions Extensive tables 
are given of the values of the parameters found by analysis 
of the records This report, lke the precedmg one, 1s 
well illustrated by plates and diagrams 

Volume 3 1s concerned with seismology and meteorology 
The seismological report, by J MacDowall and Mis E M 
Lee, 1s based on the records of a three-component Willmore 
seismopraph installation, bult on a floating 1ce-shelf, this 
might be thought to be a most unsuitable location for a 
seismological observatory, but the decision was amply 
justified by the results obtained The Synchronome 
clock of the observatory was rated, by vernier time-signals 
from Canberra, the identification of phases on the records 
was greatly facilitated by use of the preliminary epicentres, 
furnished by courtesy of the US Coast and Geodetic 
Survey from Washmgton, DC, via McMurdo Sound, 
Mawson and Vestfold Hills The report contams two 
bulletins of readings of earthquake phases The first 
bullet contams the readmgs made by MacDowall at 
Halley Bay and telegraphed monthly to the Royal 
Society for transmission to World Data Centres, after 
the return of the expedition, these readings were checked 
and supplemented where necessary by Mrs Lee A new 
set of readmgs from the seismographs was then made 
independently of any epicentral mformation, the addı- 
tional phases thus disclosed have been listed in a separate 
bulletin 

The greater part of Volume 3 constitutes the meteoro- 
logical report As Sw Graham Sutton remarks m the 
preface, “In many ways, Antarctica is the ideal laboratory 
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for geophysical investigations and offers to the meteoro- 
logist unique opportumities to study an atmosphere which 
1s completely free from man-made influences”. Of the 
great mass of meteorological mformation secured, 1t must 
suffice to mention here the general headings, such as the 
“total ozone observations” and the determinations of 
ozone concentration near the surface of the 1ice-shelf 
made by J MacDowall In addition, ozone soundings by 
ozone-sonde were made by J. MacDowall and J A Sruth, 
19 ascents were carried out, of which 16 were successful, 
and graphs have been constructed showmg the variation 
of ozone concentration with height up to the lmuits 
reached (generally about 20 km) This ozone programme 
is & valuable addition to our store of wnformation 

Observations of short-wave radiation of the Sun and 
sky were carried out by J MacDowall and D T Tribble, 
using two solarimeters, and the radiation balance was 
recorded by a ventilated radiometer Tables are given 
of the total solar radiation, the diffuse solar radiation and 
the net flux of radiation for each day. A section on 
upper-ar meteorological observations, by J MacDowall 
and J. M C Burton, describes the results of radio-sonde 
and radar methods of determmimg upper-air temperature, 
pressure, humidity and wind velocity <A twice-daily 
programme of ascents (nearly 1,000 ascents ın all) was 
earried through, and the data for each of the separate 
ascents have been listed for surface level, standard levels, 
significant levels, tropopauses and bursts The analysis 
of this large body of observations was effected by trans- 
ferring all the data to ‘Hollerith’ cards at Halley Bay and 
afterwards sorting these cards on ‘Hollerith’ machines at 
the Meteorological Office. 

In these two volumes the hgh standards of prmtmg and 
arrangement of Volume 1 have been maimtamed An 
excellent feature 1s the reprmting, at the begmning of 
both volumes, of Su: David Brunt’s narrative account of 
the history of the expedition as grven m Volume 1. The 
exposition of the theory, the observations and their 
analysis ıs so well balanced for each of the diserplmes 
imvolved that the volumes should become standard 
works of reference rather than more catalogues of observa- 
tions The Royal Society and the authors are to be con- 
gratulated on this considerable addition to geophysical 
knowledge R Sronetzy 


A GREAT SCIENTIFIC ENTERPRISE 


Discovery Il in the Antarctic 

The Story of British Research m tho Southern Seas 
By John Coleman-Cooke Pp 255+50 photographs 
(London Odhams Press, Ltd , 1963} 25s 


HE once remote and uninhabited Antarctic 1s now 
within a week’s air travel from Europe and has many 
permanent scientific stations, at least one of them the 
size of a small town This dramatic change has come 
about since the end of the Second World War, and is due 
to the territorial, economic and scientific ambitions of 
many nations Prior to the Fust World War, knowledge 
of the Antarctic was obtained from the results of various 
exploring and research expeditions Between the Wars 
some similar expeditions were sent out, but a new phase of 
Antarctic investigations began m 1923 when the Discovery 
Committee started the continuous serios of researches 
that are still ın progress The foundation of this unparal- 
leled programme of investigations was laid by the late 
Dr Stanley Kemp, a brilliant scientist and charming 
character, whose memory 1s held in high affection by all 
who had the privilege of serving under him 
The Discovery investigations were intended to carry out 
research on the biology of whales so that accurate know- 
ledge could be brought to the framing of legislation for the 
protection of the very valuable whaling industry in which 
over-exploitation threatened ruin similar to that which 
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had overtaken the Arctic whale fishery m the previous 
century The knowledge was obtained and international 
agreements were made—but all was m vain, for bureau- 
crats under pressure from big business are ever weak, 
and the regulations they made were weak The Antarctic 
whales are reduced to a vestige of their former abundance 
and the industry 1s dying, nearly all the great whaling 
enterprises have left the busmess, which ıs now carried 
on mainly by Russia and Japan, the newcomers to the 
Antarctic 

In planning the Discovery research programmes, Kemp 
saw that any useful investigation mto the biology of 
whales required a comprehensive examination of their 
ecology and environment The Discovery Reports, which 
have now reached their thirty-third volume, show the 
wide fields covered as a result of his foresight, ranging 
from oceanography and geology to whales, plankton, 
fishes, seals and birds Although the Discovery investiga- 
tions have not saved the whalmg industry, they have 
provided such an enormous mass of scientific information 
that as much, probably more, is now known about the 
circumpolar Antarctic Ocean as about any of the seas 

The Discovery investigations have been carried out at 
the marine research station set up on the Island of South 
Georgia, and with four ships, the Discovery, a wooden 
barque-rigged sailing ship (1924-27), the smaller Wulliam 
Scoresby (1926-51), the Discovery IT (1929-60), later 
transferred to the National Institute of Oceanography, 
and the Discovery (1963-—»), the Institute’s splendid new 
research ship 

This book gives a general account and history of the 
Discovery investigations, the men who undertook them, the 
work they did, and the adventures that befell them It 
also gives some account of the scientific results, presented 
in a non-technical way for the layman, but 1t 1s essentially 
the story of the field work of the investigations from their 
beginning to the present, gathered from official and other 
reports, and especially from conversation with those who 
took part ın them It 1s difficult for a former member 
of the Discovery Expedition staff to review this book 
objectively, to a young man the mpact of the Antarctie, 
and the day-to-day experiences of an expedition such as 
the Drscovery’s in the early days of the mvestigations 
nearly forty years ago, were so great as to have formed a 
delghtful background for the rest of his life Putting 
emotion on one side, however, I can say that the author 
has successfully caught the spirit of the Discovery, and 
gives a very interesting narrative of the expeditions and 
their results The book 1s well ilustrated with photo- 
graphs L Harrison Marrunws 


THE BRACHIOPODA 


On the Morphology and Classification of the Brachiopod 
Suborder Chonetoidea 

By Dr Helen M Muir-Wood Pp vi+132+16 plates 

(London British Museum (Natural History), 1962 ) 

110s net 


ALAZONTOLOGISTS, who are concerned about the 
future of systematics, have recently been taking a 
more critical look at the supra-generic contents of the 
taxonomic hierarchies that mterest them This re- 
appraisal has undoubtedly derived a great deal of impetus 
from the present preparation of treatises on paleontology 
in France, the USSR and the United States But ıt 
also probably reflects an uneasy awareness that classical 
taxonomic procedures, which have served paleontologists 
so well in the past, are now being tested by modern 
biological concepts of speciation and increasing access to 
computors with the concomitant promise or threat, as 
the reaction may be, of numerically contrived classtfiea- 
tions In effect, the taxonomic pyramids that have been 
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so elaborately built up over the years are now bemg 
re-surveyed in order to find out what differences these 
new methods of construction are hkely to have, and 
although total demolition may ultimately prove to be 
necessary, this eritical examination must go on Such 
surveys inevitably vary greatly ın the quality of ther 
findmgs, but the best are mdisputably those that weigh 
all evidence against the healthy scepticism of experience 
and Dr Muir-Wood’s study of the morphology and 
classification of the chonetoid brachiopods 1s an admirable 
example of this balanced approach 

As an introduction to her monograph, Dr Muir-Wood 
gives a general account of chonetacean morphology and 
explores the anatomical, evolutionary and ecological 
umpheations of those features pecuhar to the group 
These sections are as comprehensive as one would wish, 
but different mterpretations do sprmg to mmd Has 
she, for example, paid enough attention to the generalized 
nature of chonetacean morphology ? Ignormg the hmge- 
spmes, the most strikmg aspect of the earliest choneta- 
ceans, like Strophochonetes and Protochonetes, 1s their 
unspecialized internal morphology, which is so remmuscent 
of many young strophomenacean and plectambonitacean 
shells that the development of the cardial process, rather 
than the arrangement of the muscle fields or the absence 
of dental lamella, may ultimately prove to be more diag- 
nostic of group affimty It ıs also controversial to infer 
that productoid spines were “open at the distal end” and 
were, therefore, unlike the chonetacean hinge-spines 
Apart from differences ın their distribution, no detail of 
shell structure suggests that they were anythmg but 
identical in origm, development and function 

The systematic descriptions of the genera have been 
compiled with all the authority that Dr Muir-Wood’s 
experience commands ‘They make the monograph one 
of the most complete reviews of a major group of the 
Brachiopoda ever attempted, with a nicely balanced 
diagnosis for each genus together with a list of all the 
species ıt embraces, 1ts geological range and geographical 
distribution, and ıb 1s not surprising to find that her 
carefully considered judgments have led to the recognition 
of seven new genera Indeed, the only doubts that linger 
about the systematic treatment generally are the desir- 
ability of so many sub-families Thus the distimetions 
drawn among the four sub-familes comprising the 
Daviesiellidae do not seem to be more important than the 
variation tolerated within, for example, the Anopolinae 
But such differences of opinion simply illustrate the way 
m which personal taste still pervades palzontological 
practices, and one can only summarize the impact of the 
entire study by declaring that students of the brachiopod 
phylum will be indebted to Dr Muir-Wood for a long time 
to come for preparmg such an mvaluable monograph 

ALWYN WILLIAMS 


FIBRE CHEMISTRY 


Textile Chemistry 

Vol. 1 The Chemistry of Fibres By Prof R H Peters 
Pp xu+477 (Amsterdam, London and New York 
Elsevier Publishing Company, 1963) 75s 


ROF PETERS has attempted a most comprehensive 

work He has concentrated almost the whole science 
of fibre structure into a treatise of some 450 pages After 
a general introduction ın which he classifies polymers, 
he proceeds to a detailed mvestigation of the chemistry 
and physics of the man-made fibrous polymers Then 
follow chapters on condensation polymers, addition 
polymers and copolymers Here one notices the variability 
of the level of treatment of the subject, but later, when 
dealing with the natural materials, this variation becomes 
very obvious If one considers his work on the kinetics of 
polymerization, the mathematical derivations of many 
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of the equations used in the physical studies of cham- 
length, distribution and the kinetics of polymerization 
are set out in most cases as a mathematical exercise 
It might well be that this could have formed a more 
mathematical monograph on these known aspects of 
polymer structure In this case the demvation of the 
formule could have been curtailed ın the present work, 
and the physical significance of the results to the under- 
standing of polymer structure given greater emphasis 
It should, however, be pomted out that the references ın 
this field are good The chapter on molecular weight 
determmation has two pages devoted to chemical methods 
and about twenty to a detailed description of physical 
methods 

Chapter 6, Chapter 10 and Chapter 11 give compara- 
tively simple descriptions of cellulose, proteins (mainly 
wool) and silk fibres respectively Other chapters then 
deal with the physics and chemistry of these matenals, 
and this treatment of the subjects shows wide variations 
in levels of presentation This is particularly so on p 194 
et seq , where an advanced treatment of the reactions of 
the hydroxyl groups ın cellulose ıs given I feel that, ın 
this work, accessibility of the glucose residue with special 
reference to crystalline packing should be considered in 
_any theory applcable to cellulose fibres Chapter 9 
describes the work which has been done on synthetic poly- 
peptides, but for students ıt might have been a help to 
correlate the natural and synthetic a- and 6-structures 
even if the treatment had been ertical of some of the 
theories advanced i 

Chapter 12 ıs devoted to the erystallme structure of 
polymers, and there ıs no doubt that a re-editing of this 
chapter should be done It must be pomted out that many 
of the X-ray diagrams are incorrectly ahgned (this can be 
readily corrected by an arrow giving the fibre axis) and 
the text of pp 321 et seg has been confused Fig. 77a 
ig wrongly onented but correctly labelled, Fig 77b 1s not 
ramie but most hkely polyvinyl alcohol or a simular vinyl 
fibre Figs 77cand 77d are incorrectly oriented Fig 77e 1s 
most lkely a polyacrylic fibre with a Ti0, dilustrant 
included, and Fig 77f 1s an incorrectly oriented picture 
2 Puii taken on a circular camera and contams no 
-T10, 

Chapters 13 and 14 are good generally, the former on 
melting and crystalhzation of man-made polymers, and 
the latter on accessibility and crystallinity The chaptors 
on fibre extrusion should probably have mceluded the 
equations of extrusion This would then have clarified the 
statement on p 432, which suggests that yarn diameter 
(presumably demer) on extrusion 1s a function of the 
diameter of the jet holes Probably the main criticism of 
this work is that Prof Peters has attempted to cover too 
wide a field and ın domg so has, maybe of necessity, had 
to vary the standard of treatment of his material. The 
scope, however, 1s good, and there 1s nothing in the book 
that could not be rectified by a good re-editing 

F. HAPPEY 


QUANTITATIVE ORGANIC ANALYSIS 


Quantitative Organic Analysis via Functional Groups 
By Dr Sidney Signa Thnd edition Pp xn-+697. 
(New York and London: John Wuey and Sons, Inc, 
1963) 145s 


HE third edition of Dr. Siggia’s book 1s described on 

the dust-jacket as being about double the size of the 
previous edition The price of the book has been almost 
quadrupled Nerther merease would have been entirely 
necessary had the author been a little more selective in 
his choice of materal The book consists largely of 
reprints or partial reprints of papers and articles from 
other books and journals The sources are quite clearly 
indicated and the extracts are variously described as 
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being, reprinted with permission, reprinted m part, 
reprinted, adapted or adopted or are simply referred to 
Some of the papers are Dr Siggia’s own, but his mam 
role has been that of a collector and he has drawn heavily 
on the American Chemical Society publication, Analytical 
Chemistry Simple reference to the origma!l journals would 
have sufficed for much of the origmal discussion, results, 
tables and diagrams Only the essential analytical 
procedure need have been retamed m full Appled 
throughout the book this would have reduced the size, 
lowered the price and in all probability increased the sales 

The book 1s so planned as to devote one chapter to the 
mothods of analysis for each functional group considered 
These include hydroxyl and carbonyl groups, carboxylic 
acids and derivatives, alkoxyl and epoxide groups, per- 
oxides, unsaturation, acetate, ketals, ammo and imino 
groups, hydrazides, diazonium salts, quaternary ammon- 
ium compounds, isocyanates and isothiocyanates, sul- 
phides, sulphoxides and sulphonic acids and derivatives 

Each section 1s preceded by a discussion of the particular 
chemical reactions involved in the determination and this 
is followed by the methods derived from them Methods 
are laid out in standard fashion indicating apparatus and 
reagent requirements followed by procedure and calcula- 
tion All the methods chosen have been tried ın the 
author’s laboratory 

At the end of the book there are chapters dealing with 
the development of new analytical methods, the role of 
quantitative functional group determmation in the 
identification of organic compounds, the use of differential 
rate of reaction to analyse mixtures and the weighing of 
volatile and corrosive hquids The chapter on the role of 
quantitative functional analysis might well have come 
first rather than almost last, while that on weighing 
corrosive lquids, although useful, would have been 
better had it been enlarged to deal with sampling and 
sample-hardling techniques in general The analyses of 
mixtures by differential rate of reaction 18 illustrated by 
reference to mixtures of alcohols, amnes, esters, etc, 
good results beng obtained ın some instances 

The section on physical methods of analysis has been 
excluded from this edition In view of the importance of 
these methods ın modern organic analysis, not only should 
it have been retamed, but also it should have been 
enlarged 

This book 18 not hkely to recommend itself to students 
because of 1ts high cost It may be useful, however, to 
those laboratomes engaged in general quantitative organie ` 
chemistry where hbrary facilities are hmited 

P J COOPER 


OXO-COMPOUNDS 


Inorganic Adduct Molecules of Oxo-Compounds 

By Ingvar Lindqvist (Anorgansiche und Allgemeine 
Chemie in Ennzeldarstellungen, Band 4) Pp vwi+129. 
(Berin Springer-Verlag, 1963) 20 DM 


T first sight this book appears to be somethmg midway 
between & review article and a section of Gmelin 
Resemblance to the latter owes much to the style of 
printing, which makes for extremely tedious reading 
The book 1s concerned with adducts formed by Lewis 
bases ın which the donor atom 1s oxygen, but 1t 1s hmted 
to a discussion of so-called ‘oxo’ donors in which the 
oxygen atom 1s lnked to only one other atom These 
donors include molecules contaimng the followmg group- 


ings 
\c=0, SNO, —NO, —-N=0, SP=O, 
ean N < 
\A,=0, NS=0, NSO, and NS, =0 
We 7 REE , 


Donors such as ethers are not included, however 
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The text opens with a bref discussion of the conditions 
for adduct formation, followed by a short review of the 
characteristic eco-ordination numbers This review 18 
surprising ın that under the heading “Transition Ele- 
ments’ ıt mcludes only the elements manganese, iron, 
cobalt, and nickel, the other elements, which (to British 
chemists at least) are commonly considered as transition 
elements, are grouped with the characterstic elements 
which show the same maximum oxidation state (for 
example, titanium and zirconium, are grouped with ger- 
marmum and tm) This review 1s not up to date, since 1b 
says nothing of the recent work on higher co-ordination 
numbers of a number of these elements It ıs well known, 
for example, that zrconlum can exhibit a co-ordination 
number: of eight, and recently X-ray work has confirmed a 
simuar state of affairs for titanrum in its diarsine com- 
plex. 

Quite a long section follows in which the various known 
adducts are listed together with original references This 
1s done systematically for each of the donor types. 
Although this section 1s mainly just a lst of compounds, 
several useful observations are made at various points, 
and workers in the general field of co-ordination chemistry 
will find the references to be almost complete It 1s 
disappointing, however, to find that the majority of the 
1962 references refer to unpublished mnformation, and this 
suggests that there has been quite a long delay between 
the preparation of the manuscript and the appearance of 
the book. 

Various topics are then dealt with. These mclude a 
discussion of the physical methods used for the study of 
molecular adducts, a review of the available structural 
data, and the catalytic activity of acceptor molecules 

The final section of the book discusses “A Theory For 
Donor-aceeptor Interaction with Oxo-compounds”’, and 
here the author deliberately sets out to give a very ele- 
mentary account of the bonding in adducts He 18 
evidently very unhappy about most of the recent develop- 
ments ın theoretical chemistry, since he refers to quantita- 
tive theories being “no more than empirical or at best 
semi-empirical rationalizations couched in a jargon which 
ludes our actual ignorance’ Accordingly, he discusses 
theoretical aspects of the bonding ın adducts in a very 
elementary manner I found this section very tedious and 
uninspired, and in places narve The discussion on the 
amount of x-bonding m M=0 bonds (p 92) 1s particu- 
larly unfortunate, ıt 18 a pity that the author does not 
quote Van Wazer’s recent work m the P=O field, for 
example 2 

Summing up, ıt can be said that this book has the 
appearance of an expanded review article, and that 1t has 
suffered by the expansion It ıs written m a reasonable 
style, however, and ıb ıs only m one or two cases that 
misuse of English leads to corfusion I found very few 
misprints The book will be of some use to research 
workers m the field of molecular adducts, but ıt 1s unlikely 
to be of mterest to general readers 

G W A FowreEs 


INTRODUCING ORGANIC 
CHEMISTRY 


Organic Chemistry 
By Dr D J Waddington Pp x+442 
and Boon, Ltd , 1962) 22s 6d 


D* WADDINGTON’S book aims to cover require- 
ments for the Advanced Level Exammation for the 
General Certificate of Education, first M B and unrversity 
entrance scholarships Small print is used to denote parts 
which the less-advanced candidates may omit Despite 
this I feel that most students makmg a start on organic 
chemistry would be better served by @ smaller intro- 
ductory book Afterwards this would be excellent, the 
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brightest ones might start withit The type, line diagrams 
and formule are very clear and the price reasonable for 
the size of book 

Two short chapters deal with the nature of organic 
chemistry and compounds, and with general manipulative 
technique Forty-three chapters follow In most cases 
each deals with one homologous series or with a small 
group of related series, but special chapters are included 
to cover atomic structure, valency, and electronic theory 
as used ın exammung the structure of orgamc molecules 
and the mechanism of their reactions Another gives an 
mtroduction to aromatic chemistry These special 
chapters form a sandwich between the earlier ones on the 
aliphatic compounds, begmning with the paraffins, and 
the succeeding ones on aromatic compounds Then follow 
chapters on oul, coal, the chemicals derrved from them, and 
polymers They give very useful accounts of many 
modern developments on the imdustrial side of the 
subject <A penultimate chapter on analysis is followed 
by a short, but very useful, one in which the more impor- 
tant types of organic synthetic reactions are conveniently 
grouped together Chapters on the homologous series give 
a clear summary of the general nature of the compounds 
Important individual members are given separate treat- 
ment which includes preparative details ‘Towards the end 
of each chapter, additional preparative work and simple 
test-tube reactions are outlined which use up httle material 
or time A selection of questions from papers of various 
examining boards and university scholarships concludes 
each chapter and a further hundred appear im an appendix 
Fifteen pages of a general index are followed by short 
indexes covering named reactions, important terms and 
morgame reagents E DUNNICLIFF 


MICROANALYTICAL TECHNIQUES 


Quantitative Chemical Micro-Analysis 

By Prof C J Van Nieuwenburg and J W L Van Ligten 
Translasgl by © G Verver (Hlsevier Monographs 
Chemistry Section) Pp vi+I181. (Amsterdam and 
London Elsevier Pubhshing Company, 1963) 35s. 


UANTITATIVE Chemical Micro-Analysis 18 an 
Enghsh version of the origmal Dutch Kwantitatieve 
Chemrsche Mucroanalyse, which describes those micro- 
analytical techniques which have been exhaustively 
studied and systematized at the Technical University, 
Delft The authors, Emeritus Prof Van Nieuwenburg 
and his successor, Dr Van Ligten, are both mvestigators 
of eminence ın the microchemical field, and thear views on 
the didactic and practical applications of this science will 
command much attention both m teaching imstitutions 
and m the industrial laboratories 
They predict that ‘microanalysis will become the stan- 
dard form of chemical analysis’ and emphasize the saving 
in cost, the application to minute quantities of starting 
material and the general neatness and elegance of the 
method used The development of simgle-pan fully 
automatic balances 1s nghtly regarded as a major advance 
mm technique, and the normal practice of permitting 
objects to reach equihbrium with the vapour of the 
ambient atmosphere before weighmg 1s strongly advocated, 
as 1s the expedient of removing electrostatic charges from 
the balance housmg by means of ionizing radiation The 
present edition 1s pocket-sized and contams 181 pages 
Fifty-three pages of the book are devoted to very detailed 
descriptions of single gravimetric determmations of 
numerous elements and acid radicals at concentrations 
approximating to 1 mg per ml, for example, bismuth with 
triethylenediamimo-cobaltic iodide, silicate as pyramidone 
silicomolybdate, ete Apparatus for micro-separations is 
fully doseribed 
Twenty-two pages deal with microgravimetric separa- 
tions of mixtures contaimng two simple metallic elements, 
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for example, lead and thallum, the followmg 38 pages 
bemg devoted to microvolumetric analysis 

The Strohlem or Metrohm plunger-type burettes with 
‘Teflon’ pistons and a capacity of 2 ml are recommended 
for N/50 titrants Gorbach burettes are described, but tha 
presence of a meniscus causes after-flow The British 
‘Agla’ syringe can be used both as a pipette and as a 
burette 

Much attention 1s directed to ethylenediamme tetra- 
acetic acid mucrotitrations, and there are numerous 
practical examples of direct replacement and of back 
titrations using 0 02 M solutions. 

The volume ends with a most useful chapter on quanti- 
tative elementary organic analysis Carbon and hydrogen 
are determined by the method of Belcher and Godbert, 
the halogens by the ter Meulen-Sloof technique or alter- 
natively by the Schoniger oxygen-flask Nitrogen 18 
determined by ter Meulen hydrogenation usmg Ni-ThoO, 
catalyst or by the modified Dumas method Didactic 
considerations have led Van Nieuwenburg and Van Ligten 
to exclude descriptions of well-known methods such as 
those of Unterzaucher for oxygen or Zimmermann for 
sulphur 

A useful description is, however, given of molecular 
weight determination on a micro-scale utiuhzmg the ‘1so- 
thermal distillation’ technique as suggested by Barger, 
developed by Wright and modified by Van Nieuwenburg 
and Van Ligten 

This publication has a wholesome practical bias and 
will have an undoubted value and appeal to teachers of 
microanalysis in academic institutions It has also much 
to offer the practising analyst who may be called on to 
work with rather restricted quantities of a parent substance 
or who wishes to economize on his financial outlay 

D T Lewis 


FOREIGN CHEMICALS IN FOODS 


Residue Reviews 

Residues of Pesticides and: other Foreign Chemicals in 
Foods and Feeds Edited by Francis A. Gunther Vol 1 
Pp iv+162 Vol 2 Pp iv+156 Vol 3 Pp iv+170 
(Berlm Springer-Verlag, 1963) 22 DM each volume 


HE incorporation, often madvertently, of foreign 
substances in foodstuffs has caused increasing concern 
in recent years Attention has been directed especially to 
residues of chemicals which are needed to control pests, 
diseases and weeds in crops in the field, to combat para- 
sites of anrmals used for food, or to protect foodstuffs ın 
transit or storage Much work has been devoted to 
finding how the crop protection and related chemicals 
may bo safely used A new and specialized field of residue 
analysis has emerged allowmg the levels of contamination 
m harvested crops to be determmed, and the behaviour 
and ultimate fate of the chemicals have been extensively 
investigated Some are lost from crops by weathering, some 
are degraded into harmless derivatives by the plant or 
animal, and others are elammated during food processing 
Some chemicals, however, persist on crops and ın soil, 
tend to accumulate in animal food chains, and may 
endanger public health m due course Associated with 
the chemical exammations are toxicological investigations 
to determine the significance of the residues that may be 
found Statutory and other measures adopted to protect 
the consumer include the institution of permissible limits 
of contamination, maximum recommended rates of use 
of potentially harmful chemicals, and the observance of 
adequate periods for weathering 
The object of Residue Reviews 1s to bring together the 
many aspects of the problem of foreign chemicals in 
foodstuffs The use of substances to improve flavour, 
appearance, etc, and contammation incurred durmg 
manufacture, packaging, ete, are also considered to ba 
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suitable subjects for discussion Contributions are made 
by invitation, and an advisory board of specialists from 
many countries indicates the mternational scope of the 
pubhecation 

The three volumes that have so far appeared deal 
largely with problems arismg from the use of chemicals 
for crop protection. General articles describe the nature 
of plant surfaces ın relation to the use of spray chemicals, 
the absorption, translocation and metabolism of chemicals 
in plants, and the processes involved im deposition, 
degradation, persistence and effectiveness. A valuable 
series of papers on analytical methods show the advan- 
tages conferred on residue analysis by modern techniques 
of chromatography, polarography and, spectrophotometry 
A. few contributions discuss the levels of residues that are 
found ın practice, one deals with the principles underlymg 
the establishment of residue tolerances, and another 
examines the difficulties and mterpretation of tests- for 
carcmogenicity Each article gives summaries m Enghsh, 
French and German and useful references 

Work on residues in foodstuffs ıs expandmg so rapidly, 
and information is scattered ın so many journals, that 
undoubtedly there is ample scope for a publication of this 
land To be fully effective, ıts professed aim of mter- 
national coverage should be attained, at present emphasis 
rests on work and reports from the United States, a 
position that no doubt will change when the series becomes 
established Many of the contmbutions give valuable 
information, but some scarcely reach the standard that 
may reasonably be expected <A considerable amount of 
tidying-up 1s needed before the presentation will satisfy 
critical appraisal: proprietary and comed names of 
chemicals ere used indiscriminately, inconsistencies occur 
i chemical names, and the subject index 18 quite madoe- 
quate. This last deficiency detracts much from the 
merits of an otherwise commendable, if expensive, 
pubheation J T MARTIN 


ANALYSING FOOD CONTAMINANTS 
AT LENGTH 


Analytıcal Methods for Pesticides, 

Regulators and Food Additives 
Edited by Gunter Zweig Vol 1. Prmeiples, Methods, 
and General Applications Pp xiv+637 (New York 
Academic Press, Inc; London Academic Press, Inc 
(London), Ltd , 1963 ) 171s 6d 


ARKINSON’S Law states that work will always expand 
to fill the tıme available for 1ts execution The same 
principle surely apples to publishers with an infinite supply 
of paper, editors with an mexhaustible number of con- 
tributors and libraries with a seemingly unlimited provision 
of dollars The present book is priced at £8 lls 6d Its 
purpose 1s to serve only as an introductory review of the 
prneiples ard general applications of the analytical 
methods which are to be deseribed ın Volumes 2, 3, 4 and 
5 that have yet to be published The fortunate possessor 
of the entire compilation, who will, 1f he reads all the 
3,185 pages which it will doubtless comprise, know all 
there 1s to know about the analysis of crops and food for 
traces of pesticides, plant growth regulators and food 
additives, will therefore have paid £42 17s 6d for the 
privilege 
A. number of the authors of individual chapters discuss 
what they call the “clean-up procedures” by which they 
concentrate the trace residues in which they are mterested 
and free them from the bulk ofthe sample Ifan analogous 
process could have been apphed to the book itself, everyone 
would have been the gainer because there ıs much m 16 
of value W Thornburg, for example, contributes an 
admirable, short, clear and practical chapter on the 
various methods by which trace contammants of different 
classes can be separated from the materials with which an 
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analyst may be confionted The chapter by A Bevenue 
on the application of gas chromatography to the analysis 
of traces of fumigants, msecticides, herbicides and a lst 
of miscellaneous compounds including phosphorus halides, 
chlorobenzenes, insect repellents, fungicides, mould 
imhibitors and antioxidants is a model of how theoretical 
primerples and practical details can be succinctly combined 
The table of relative retention times on differently packed 
columns of a long hst of pesticides will alone put many 
analysts m his debt P McKimley’s article on paper 
chromatography 18 equally satisfactory, the combination 
of paper chromatography with fly bioassay and cholin- 
esterase-acetylcholine reactions may be novel to workers m 
other fields There is an mteresting, sensible chapter by 
R Moffitt on residue analysis m the dairy industry, and 
a useful and mformative one by Z F Krzeminski and 
W A Landmann on methods for pesticide analysis in 
meat products which may surprise more old-fashioned 
workers by the number of antibiotics, hormones, arsenical 
compounds, tranquilizers, antioxidants and pesticides that 
there may be m a@ carcass in this modern age 

But the speed at which science 1s advancing 18 brought 
home most forcibly by two quite different contributions 
Oneis by R Fisher ıt describes methods for assaying the 
potency of “microbial pesticides” A “‘muicrobial pesticide” 
is a hving micro-organism designed to infect one or other 
of the insects which constitutes an agricultural nuisance 
There are at the present time four of these preparations on 
the market ın the United States Three contain specific 
bactenia—-B thuringiensis, B popillae or B lentemorbus—- 
and one a virus as active ingredients Here, mdeed, 18 
need for a new sort of analysis The second article by 
R A Schmitt gives a matter-of-fact account of the elegant 
analytical procedure by which very small trace concentra- 
tions of a diverse variety of substances can be determined 
simply. quickly and often without the need for preliminary 
treatment of the substance under examination by the use 
of neutron activation analysis, a technique in which 
specific radioactivity 1s induced im the sample by exposing 
it to neutrons fiom a nuclear reactor In view of this 
evidence of the pace at which scientific understandimg and 
its applications are progressing, 18 1t really ungenerous to 
doubt whether analytical methods will stand still long 
enough to make 1t worth while saving up for Volume 5 of 
this work? Maanus PYKE 


FOOD PLANT HYGIENE 


Food Plant Sanitation 

By Milton E Parker and John H Litchfield Pp v+401 
(New York Remhold Publishing Corporation; London. 
Chapman and Hall, Ltd , 1962) 96s net 


T 1s somewhat surprising, considering the importance of 
food plant sanitation (‘food plant hygiene’ in Britain) 
to food manufacturers, public health officers and others, 
that so few books have been published on this subject 
Many that have been published have not been revised to 
bring them up to date, this despite many recent develop- 
ments Food Plant Sanitation is, therefore, welcome, tt 18a 
good book and, for its size, very comprehensive Unfor- 
tunately this ıs a subject which ıs hedged around with 
many legal requirements, and this book 1s written with the 
US Food, Drug, and Cosmetic Act particularly m mind 
Also, although there are more than 500 references, these 
are predominantly of American ongin The user of the 
book in the U K will have to have beside him the corre- 
sponding British regulations and the many excellent pub- 
lications of H M.S O relating to this subject 
To some extent this concentration on American practice 
will be of value to readers in Britam They may gather 
how far, if at all, Britam is behind the Umted States in 
food hygiene and they should get some idea of the precau- 
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tions that must be taken if foodstuffs are to be exported tio 
the United States 

The first chapter deals with the role of sanitary practice 
in quahty control and the second with sanitary aspects of 
buildings and equipment The third, fourth and fifth 
chapters consider msect and rodent pest control, and t hen 
follows a chapter on the offectrve contiol of miero-organ- 
isms This meludes details of the new organic chlorine 
products which are now gradually coming on to the market 
in the United Kingdom after being in use in the United 
States for sometime Chapter 7 deals with sanitary aspects 
of wate: supplies and Chapter 8 with waste disposal and 
utilization Some of the methods deseribed here are as 
yet unfamiliar m Britam, such as the anaerobic digestion 
system for meat packing-plant wastes Effective deter- 
gency and cleaning practice ıs considered in Chapter 9 
This 1s a thoroughly up-to-date account, and modern 
detergents and the latest types of clean-in-place methods 
are mentioned Chapter 10 is headed “Establishing 
Sanitary Practices” and considers the duties of the ‘sani- 
taran’ in the food mdustry This is a ‘species’ of which 
there is no exact counterpart m Britam; perhaps there 
ought to be The followmg chapter on “Mamtamuing 
Sanitary Practices’’ deals with such things as employee 
training m sanitary practices. The last and twelfth 
chapter is a useful one on the sanitary aspects of packaging 
material and methods An appendix gives excerpts from 
the U § Food, Drug and Cosmetic Act and amendments 

This book should prove of considerable value to 
managers, chemists and microbiologists m the food 
industry, and also to public health officers and consultants 
concerned with food hygiene H. D G ROPER 


ADVANCES IN ENZYMOLOGY 


Advances ın Enzymology and Related Subjects of 
Biochemist 

Vol 24 Edited by F F Nord. Pp v+572 (New York 

and London Interscience Publishers, a Division of John 

Wiley and Sons, 1962) 120s 


HE synthesis of enzymes in the hving cell and the 
determmation of their structure form part of the 
much wider problem of protem biosynthesis in general, ' 
with all its subtle intricacies of smimo-acid activation, 
energy expenditure and genetic control by nucleie acids 
Some of the recent enzyme research appears to have been 
undertaken not so much to provide an answer to the 
question why a given enzyme specifically acts on one but 
not another substrate, but with the purpose of unravelling 
the mechanism of protein biosynthesis, whereby determ- 
mations of enzymatic activity serve as a convenient 
indicator of protem function 
In Volume 24 of Advances in Enzymology and Related 
Subjects of Biochemistry, Chantrenne deals at length and m 
depth with the problem of how biochemical tools receive 
orders from the genes and how they put them mto opeia- 
tion He is well qualified by his own researches to write 
on that subject, and acts at the same time as an able 
exponent of the Brussels School, which has signrficantly 
contributed to the present-day knowledge of the relation- 
ship linking nucleie acid with protein biosynthesis 
The manner in which the gene-controlled mformation 
determines biosynthetic pathways and the structure of 
cellular proteins is a repetitive theme ın several chapters 
of the volume The practical approach to the problem of 
cellular localization of enzymes and their synthesis has 
greatly benefited from the techniques of centrifugal 
fractionation developed m another Belgian laboratory, 
namely, that of de Duve at Louvain It is, therefore, most 
welcome to have an authoritative, as well as informative, 
chapter by de Duve, Wattiaux and Baudhum, on the 
distribution of enzymes between the sub-cellular fractions 


No 4910 


in animal tissues Far from bemg s mere catalogue of 
results, this chapter can be used as a guide in the applica- 
tion of centrifugal fractionation to the mvestigation of a 
variety of biochemical processes. 

Among the few enzymes of which the amimo-acid 
sequence has been well established ıs the ribonuclease, 
which at present receives a great deal of attention from pro- 
tem chenmusts as well as enzymologists The structure and 
function of ribonuclease form the main topic in the chapter 
by Scheraga and Rupley, who provide a clear and concise 
survey of the subject But ribonuclease enters mto discus- 
sion also m several other chapters, notably that concerned 
with mechanisms of enzyme catalysis by Westheimer. and 
the one by Sr Ram, Bier and Maurer, who deal with 
chemical modifications of protems and their impact on 
enzymology, 1mmunochemistry and related subjects. 
Ribonuclease agan figures prominently m the chapter on 
peptide structures by Sorm, whose analytical results on 
proteins form the basis of his evolutionary concept whereby 
the chemical structure of proteims ıs seen as a reflexion of 
the evolution of life on Earth, a record, as ıt were, of the 
laws of phylogeny and ontogeny of the distant past 

Of the three remaming chapters, that by Augenstine 
offers a detailed and very useful account of the six existing 
models of enzyme radiosensitivity, in the chapter on 
sperm metabolism, Salisbury and Lodge expound ther 
views and experiments on the subject of the relationship 
between sperm survival, motility and metabolism, and 
the response of spermatozoa to a vanety of extraneous 
agents, lastly, there 1s & review on molecular properties 
and transformations of glycogen phosphorylase in anımal 
tissues, by Edwin Krebs and Edmond Fischer, dealing 
with the first step of glycogenolysis, a procoss significantly 
more complex than originally visualized, as 1t now appears 
to involve no less than four different enzymes, three 
nucleotides, a vitamin, and several hormones and metal 
10ns T Mann 


PHYSICS IN BIOLOGY AND 
MEDICINE 


Advances in Biological and Medical Physics 

Vol VIII Edited by Cornelius A Tobias and John H 
Lawrence Pp 1x+457 (New York and London: Acad- 
emic Press, 1962) 107s 6d. 


HREE of the eight topics presented in the latest 
volume in this series are concerned with techniques 
for the measurement of trace elements, X-ray spectro- 
scopy by J W Gofman. neutron activation analysis by 
Kwan Hsu and y-ray spectroscopy by L D Marinelli, 
C E Miller, H A MayandJ E Rose, the latter restricted 
to the external measurement of radioactive elements 
located within the human body These chapters provide 
useful descriptions of the physical techniques involved and 
of the relative sensitivity for different elements Various 
medical and biological applications of these techniques are 
described, but with httle indication as to their usefulness 
in comparison with other techniques However, this may 
be due to the fact that they have not as yet been applied 
very widely 
A chapter by Tor Brustad gives an excellent account of 
the experimental set-up of the heavy 10n linear accelerator 
(Hilac) at the University of California ~Appheations n 
the field of radiobiology are presented which illustrate 
well the usefulness of this machine, and also the complexity 
of interpretation of the experimental results 
A lengthy chapter on the interrelations between the 
hypothalamus and the thyroid 1s provided by P Blanquet 
in collaboration with J Faure The detailed descriptions 
of experrmental observations by many workers make ıb 
difficult, for those new to the subject. to ascertain what the 
authors consider to be the most hkely mechanisms operat- 
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ing between these two organs However, those working in 
this field should find the chapter most useful 

With the all-embracing title “The Omgin of Life on 
Earth and Elsewhere”, Melvin Calvin describes the 
properties that are required of molecules so that they can 
give rise to primitive forms of life He describes how simple 
polyamides and nucleic acids may have interacted and 
evolved to the great complexity of the biochemical 
processes that are found im even the simplest organisms 
to-day 

“The Physics of Space Radiation”, by Roger Wallace, 
deals with the various sources of 1onizing irradiation found 
in space and concludes that only that resultmg from 
sporadic solar flares 1s of real danger in future distant 
space fhghts It ıs suggested that a fow minutes’ warning 
of these flares can be obtamed so that spacemen may 
shelter in some well-shielded part of the space vehicle 

The final chapter, by Niels Arly and Reidar Eker, 1s 
entitled ‘‘Mechamsms of Carcinogenesis” After an inter- 
esting presentation of the complexity of the carcmogenic 
process, various mathematical models are considered and 
the need for a stochastic model ıs argued Such a model 
that has been constructed by the authors, ıs shown to be 
able to fit satisfactomly a number of results relating 
different experimental parameters The absence of any 
information concerning the biological mechanisms involved 
leaves one with the impression, however, that no real 
advance has been made in this field N M BracrkerT 


NUCLEOPHILIC ALIPHATIC 
SUBSTITUTION : MECHANISM AND 
KINETICS 


Nucleophilic Substitution at a Saturated Carbon Atom 
By Dr C. A Bunton (Reaction Mechanisms in Organic 
Chemistry, Vol 1) Pp 1x+172 (Amsterdam, London, 
New York Elsevier Publishmg Company, 1963) 40s 


HIS 1s the first volume in a series edited by (the late) 
Prof E D Hughes, and sets an excellent standard 
for the series as a whole The monograph also occupies a 
proper position in the series, as the general principles, 
which are adumbrated in Chapter 1, are useful m other 
areas of physical organic chemistry, the subjects of follow- 
ing volumes While ideally 1t might have been better to 
treat nucleophilic substitution as a saturated carbon atom 
in the same volume as elummation reactions, there are 
good practical reasons for the procedure adopted of 
hmuiting this volume to substitution only 
In places this work leans heavily (but rightly so) on 
parts of Sir Christopher Ingold’s magistral volume, now 
some ten years old, Structure and Mechanism an Organic 
Chemstry However, m the controversial parts of the 
subject the author, himself a distinguished member of the 
University College, London, school, has shown an admirably 
balanced and far attitude, especially to the work of 
American protagonists in the controversies The book 1s 
also noteworthy for numerous critical and Wuminating 
footnotes (unfortunately prmted m very small type) 
for many well-chosen references, situated at the end of 
each chapter, but easily found, because their location 18 
given on every alternate page of the chapter m question 
After an opening chapter im which mechanistic and 
kmetic principles are discussed, with special reference to 
‘duality of mechanism’ (the definitions of the Syl and 
y2 mechanisms might have been rather more ngidly 
set out), the author proceeds to the two most substantial 
parts of his book—a thorough survey of structural effects 
on the rate of substitution, and a penetratmg account 
of the stereochemistry of the substitution process in relation 
to mechanism, which 1s still one of the most satisfying 
areas of rationalization in physical organic chemistry 
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The next two chapters are devoted to solvent and salt 
effects these are matters of considerable subtlety where 
the subject is still growmg, and raise issues of groat 
theoretical mterest, and ın the first case of great practical 
unportance There are a brief final chapter on electro- 
phile catalysis and an addendum dealng with important 
matters which have arisen smce 1961, the date to which 
the literature has been covered m the main text 

All students of physical organic chemistry will wish 
to study carefully the volume as a whole, and the greater 
part of ıt will be valuable to orgamic chemists generally, 
especially to third-year honours and first-year Ph D 
students N B CHAPMAN 


CELLULAR ORGANIZATION 


Funktionelle und Morphologische Organisation der 
Zelle 

Wissenschaftliche Konferenz der Gesellschaft Deutscher 

Naturforscher und Arzte ın Rottach-Egern 1962 (9 

Beitrage ın Deutscher und 6 Beitrage ım Englhscher 

Sprache) Pp iv+253 (Berlin, Gottmgen and Heidel- 

berg: Springer-Verlag, 1963 ) 36 DM. 


OR a long time the great issves of cellular organization 
have been argued in terms of the nucleus The prob- 
lem has been that of the relations of 1ts physical structure, 
its chemical activity and its genetic permanencs or con- 
tinuitty Now, with the help of electron-microscopy, 
autoradiography and other techniques, the problem has, 
as we may say, boiled over mto the rest of the cell A 
wide range of results of this boilmg over ıs displayed in 
the present symposium <A general statement of its 
purpose and its problems ıs, however, lackmg 

It was the continuity and activity carried together by 
the nucleus which first struck the magination of cytolo- 
gists, German cytologists, ın the nineteenth century. 
Clearly any structure ın the cell which can achieve this 
difficult combination deserves to be given the status of 
an organella Any body which can fulfil 1ts short-term 
duties within the cell while meeting the long-term needs 
of propagation and distribution to different cells will thus 
qualify for this status Presumably, therefore, any of 
the cell structures m which DNA 1s now beginning to be 
recognized will also qualfy How far will this property 
extend ? 

The answer to this question has usually been derived in 
the past from the evidence of experiment, but experment 
of the most varied kinds with the most varied organisms 
The breeding of plants has shown us the self-propagation 
of the plastid The embryology of animals has demon- 
strated the same property ın the centrosome The develop- 
ment of Protista has revealed the genetical continuity of 
their versatile fibre-forming organelle The evidence of 
unmunology has left little doubt of a similar propagation 
m the higher animals Here, and in the plasmagenes to 
be inferred from the heredity and development of the 
higher plants and animals, we do not know what particles 
or structures provide the basis of continuity But m this 
symposium both the electron microscope and chemical 
analysis introduce us to a number of possible candidates 
for these duties 

No such central idea 1s, however, advanced to give unity 
to the present discussion Nor is there mdeed any central 
idea in biochemistry which might offer itself for such a 
purpose The most nearly central problem is that which 
comes from the work of Mechelke and Beermann with the 
polytene chromosomes of fles The connexion between 
heredity and development. and between DNA and RNA, 
revealed by these studies of developmont and differentia- 
tion, gives us a ghmpse of what has Jong been suspected 
the Inerarchy of structures and functions which he 
between the genetic code and its expression If ıs a 
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hierarchy which will require us more and more to study 
the cell as a system and to use all the available degrees of 
magnification m seemg how ıt has been built and organ- 
wed. In order to succeed m this task we shall have to 
exploit ow resources in more vanety than is done m this 
symposium Older and newer techniques will have to be 
more fully combmed Plants, omitted from this discus- 
sion, will not have to be left out For itis already easy to 
see that, after the nucleus, their plastids will play the most 
important part in knitting our ideas together 
C D DARLINGTON 


THE SENSES OF INSECTS 


The Physiology of Insect Senses 

By Prof V. G Dethior (Methuen’s Monographs on 
Biological Subjects} Pp 1x+266 (London Methuen 
and Co, Ltd , New York John Wiley and Sons, Inc, 
1963 ) 428 net 


HIRTY years have elapsed smce Hltrmgham’s 
monograph on The Senses of Insects was published in 

this series At that time, the greater part of the modern 
work on insect sense organs had been done in Germany 
This work received little reference in Eltrimgham’s book, 
which presented the knowledge and ideas of an earher 
epoch J.D Carthy dealt with the subject well m his 
Introduction to the Behaviour of Invertebrates some five 
years ago, but the new monograph by Prof V G Dethier, 
although ıt covers agam much of the same ground, 1s very 
welcome, for 1t 1s written by an author who has been 
personally involved im some of the most significant 
advances in our understanding of the chemical senses of 
insects 

The author deals at some length with those subjects 
which are most controversial at the present time the 
nature of the action cf chemostimulants at the receptive 
site, and the basis of their specificity, the interpretation 
of the electroretinogram, the varying spectral sensitivity 
in different insects, and the chemical nature of the photo- 
receptive substances, the mechanism in the msect eye 
which enables ıt to perceive the plane of polarized light, 
the physiological basis of the great differences which exist 
between different tactile hairs, depending on the purpose 
for which such receptors are used, that ıs, their diverse 
properties with respect to adaptation, and in the effect 
of direction of movement on the nervous discharges that 
result In short, the emphasis throughout ıs on how msect 
sense organs work 

Advances in the past ten years, supported by electronic 
methods of neurophysiology and by structural investiga- 
tions with the electron microscope, have been spectacular 
From the studies of Slifer, in particular, we know that the 
thin cuticle which covers the chemoreceptive sensilla 1s 
perforated like a sieve and multiple fine dendrites ın these 
perforations have thew endmgs freely exposed to the 
atmosphere We know, particularly from the work of 
Dethier and his school, that a single chemoreceptive hair 
on the tongue of the blowfly 1s receptive only at the 
extreme tip, the fly responds positively to stimulation of 
the hair by sugar, and by water, negatively to electro- 
lytes, and to the mechanical displasement of the hair 
Each of these perceptions 1s mediated by a separate 
dendrite and sense cell From the work of Roeder and 
Treat we know that although the abdominal ears of the 
moth have only two neurones apiece, they can recognize 
both the character end the direction of the cries of a 
hunting bat 

Work done ın all countries 1s well covered and a select 
hst of about 700 titles 1s neluded The extensive German 
work 1s well reviewed, including that dealing with msect 
vision Our present lack of understandmg m many parts 
of this subject ıs reflected ın the obscurity of some of the 
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German writing about it This obscurity comes across 
m the English version One of the difficulties 1s how to 
reconcile the separate mnervation of the seven or eight 
elements that compose the retinula of the ommatidium, 
with the mosaic theory of vision by the compound eye 
The recent contributions by Burtt and Catton and by 
N Yagi were not published in time to receive critical 
consideration in Dethier’s account 

This monograph can be strongly recommended, but 1+ 
is & technical monograph which makes few concessions to 
the possible limitations of the reader 

V B WIGGLESWORTH 


PHOTOGRAPHIC DIORAMA OF 
WILDLIFE 


The Wonders of Wildlife in Europe 

By Franz A Roedelberger and Vera I Groschoff Pp 
232 (280 pictues) (London Constable and Co, Ltd, 
New York Viking Press, Inc, Toronto’ Longmans 
Green, 1963) 42s 


GO Rew: rise and rapid advance of colour photography 
in recent years have placed in the hands of the book 
ulustrator a wonderful medium for the illustration of 
ornithological works 

The Wonders of Wildhfe in Europe 1s a fine example of 
what can be done in this respect It 1s a picture book, a 
collection of 280 remarkable photographs, the stmkmg 
ulustrations being accompanied by descriptive paragraphs 
telimg the reader some facts concerning the subject, or 
rather subjects, shown in the pictures These cover a 
wide field, from marme hfe and insects to reptiles, mam- 
mals and birds The leading natural history photographers 
of Europe have contributed to the gallery 

By their grace and beauty, birds afford the artist 
wonderful subjects, and here are shown some of the 
exquisite results that can be achieved by those usmg what 
we may term the ‘new medium’ 

Comparisons are ever mvidious, yet they must mevit- 
ably arise in @ case such as this when we think of the great 
ulustrated bird books of the past, the work of artists 
who never dreamed of a time when the camera would 
come into bemg and take over much of their work Person- 
ally I do not thmk comparison possible The beauty of a 
plate from Gould's Humming Birds cannot be compared 
with the study of an elephant hawk moth shortly after 
emerging from the pupa, on p 162 of The Wonders of 
Waldhfe wn Europe, or the portrait of a httle Egyptian 
vulture on p 41 Each m its way 1s a thing of beauty, 
and if the ways are different ways the contrast enhances 
them 

In this volume the colour pictures are, of course, the 
most eye-catching and impressive of the wlustrations, 
but there are also a large number of monochrome reproduc- 
tions, including some remarkable snapshots such as that 
of two young foxes having a dispute and fighting heartily 
Seemingly the trouble arose over a white hen Another 
fine shot shows a female white-toothed shrew, Crocidura 
leucodon, followed by her family The first young one 1s 
grasping the mother by the fur of her rump, while the 
rest of the htter are ın line astern, holdmg on to the hind- 
quarters of the one ahead, there are six m all 

For the depiction of sheer joy and delight in life a fox- 
cub springing high ın the air (p 196) is hard to beat, 1t 1s 
such a fine photograph and the young anımal ıs m such a 
joyous pose Another remarkable photograph 1s of a 
herd of wild remdeer m extended formation, described 
as a view over Hardanger Vidda, Norway 

There 1s a foreword. by Peter Scott stressing the need to 
protect wild creatures and laying stress on the problems of 
the conservation, of animal life m general, now and in the 
future Frances Pirr 
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PRODUCTIVE CYCLES IN THE OCEAN 


Plankton and Productivity in the Oceans 
By Prof John E G Raymont (International Series of 
Monographs on Pure and Apphed Biology Division 
Zoology, Vol 18) Pp vi1+660 (London and New 
York Pergamon Press, 1963) 110s net 


Ta first four chapters ın this book on oceanic produc- 
tion give a brief account of physical oceanography as 
it affects fem the sea The distributions of temperature, 
salmity, oxygen and carbon dioxide are described Pic- 
tures of the oceanic current systems are reproduced from 
Sewel! This 1s part of an attempt to “approach 
the study of oceanography through biological science”, 
Much of the physics and chemistry relevant to the 
study of productive cycles ıs to be found im later 
chapters 

The subject of production 1s mtroduced with a chapter 
on the phytoplankton. The structure of diatoms, dmo- 
flagellates and y-flagellates 1s well deseribed The illustra- 
tions are clear and well reproduced The decrease in size 
of diatoms, division rates, formation of awxospores, 
heterotrophy and flotation are physiological subjects 
brought into the discussion, which are of particular 
interest to production biologists Prof Raymont defines 
nanoplankton as plant cells “not normally retamed by 
the finest silk nets” and they belong to “a variety of plant 
groups, Chrysophyceae, Chlorophyceae and Crypto- 
phyceae’’, Yentsch and Ryther? are quoted as showing 
that “the major part (of nanoplankton) 1s made up of small 
diatoms rather than mucroflagellates’” Prof Raymont 
says that the quantitative estimation of nanoplankton 1s 
extremely difficult It ıs quite true that p-flagellates 
cannot be counted, but small diatoms and dinoflagellates 
can be counted quite well with Utermohl’s sedimentation 
technique’, which 1s not mentioned 

Algal production 1s deseribed im five chapters An 
introductory one deals with photosynthesis, compensation 
depth and compensation point, the mbhuibition of photo- 
synthesis at high-light mtensities near the surface and 
the adaptation of photosynthesis (measured as mg 
carbon/mg chlorophyll/h) to different conditions The next 
four chapters treat of nutrients, ight, micronutnents and 
grazing respectively Since the time of Lohmann‘, who 
counted all the plankton and who made a sumple model of 
plankton predation, 1t has been clear that any productive- 
cycle is a complex sequence involving all these factors all 
the time The division into chapters treating the factors 
separately ıs a little artificial Indeed, one might say that 
the study of production is not fully described until the 
chapter on grazing, where the models of productive cycles 
are dealt with 

In the chapter on nutrients, the seasonal changes in 
phosphorus, nitrogen and silicon and their distributions 
in the oceans, both vertically and horizontally, are well 
described It is said that silica is 1apidly regenerated, I 
believe this 1s so, but the evidence 1s not given, nor 1s any 
authority quoted In the subsequent chapter (on lght) a 
diagram of the nutrient-cycle is given, showing that the 
decline in nitrogen and phosphorus starts in late April well 
after the peak of the algal outburst at the end of March 
This 1s what happens at Plymouth, comparing Fig 7 29 
showing seasonal nutrient distributions with Fig 81 
giving the seasonal algal distribution In contrast, Fig 7 2 
(showmg seasonal distributions of phosphorus, nitrogen 
and chlorophyll m Long Island Sound, from Riley and 
Conover’) demonstrates that the chlorophyll peak 
occurred exactly when the very low values of nitrate were 
reached It 1s this sort of contrast that suggests that the 
effect of nutrient lack on algal production 1s not a simple 
one In discussmg models, Prof Raymont points to the 
need for good physiological estimates Here 1s one badly 
needed—the effect of various nutrients on algal division 
rates A little has been done, but not enough 
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Seasonal cycles m algal production are described in the 
next chapter on ight and primary production A good 
account 1s given of the initiation of productive cycles and 
of the penetration of light mto the sea Another chapter 
describes the part, 1f any, played by mucronutrients in 
productive cycles Here again are needed experments 
establishing the effect of nutrient concentration on algal 
division rate 

The effect of grazmg on algal production is well dəs- 
cribed, the work of Harvey, Cooper, Lebour and Russell’ 
and the work of Fleming?’ being given m some detail. This 
leads naturally to an account of the model techniques used 
by Riley and others to describe the course of algal produc- 
tion as @ whole Here Prof Raymont makes a good 
summary of the part played by the various factors, 
nutrients, hght, vertical turbulence and grazing He 1s 
perhaps a little chary of setting out any model ın its 
mathematical terms, preferring to state 1t m words 

A systematic account 1s given of the zooplankton The 
pictures showing the structure of these animals have been 
well reproduced In a chapter on geographical distribu- 
tion, the work on plankton mdicators 1s reviewed lightly, 
mainly to show where different animals and communities 
live, rather than to show whether ocean currents can be 
charted by indicators The seasonal cycles of plankton 
animals are described briefly giving generation times 
From this clear review, ıb appears very strikingly that 
from all the work on seasonal cycles of zooplankton, there 
are very few good estimates of reproductive rate, growth 
rate or mortality rate 

A full deseription of the vertical distribution of plankton 
animals 18 given, including their diurnal migrations. It 
should be emphasized that bathypelagic decapods, euphau- 
suds, sagittz and fish larve dodge slowly hauled plankton 
nets so some vertical migrations quoted are perhaps not 
migrations at all In deseribing the mechanisms that 
plankton animals might use, Prof Raymont discusses 
geotaxes and phototaxes m rather loose terms Phototaxis 
should be defined ın terms of the two-light expermment®, 
it 18 difficult to see how the conditions of this experiment 
reproduce those found m the sea, particularly at dusk and 
dawn when the important parts of migration occur. 
Harns’s work on the various mechamsms of behaviour 
that plankton anımals can use ıs not deseribed®!, this 
1g an omission 

Prof Raymont’s own work 1s concerned with the feedmg 
and respiration of zooplankton His account of this subject 
1s extensive, ranging over the types of food, the quantities 
eaten and how they are linked to the respiratory rate He 
does not define the term ‘‘filtermg rate”, which is a volume 
swept clear of food particles per unit time By an experi- 
mental convention, the value is derived from a total 
mortality rate of algal cells per unit time If the algae are 
reproducing, the true grazing mortality rate can be higher 
than the apparent total mortahtvy rate. Because this 
second step is sometimes not taken, many experimental 
values of “volume swept clear’ are too low Again, 
Marshall and Orr’s method"! of using phosphorus-32 gives 
the quantity of food assimilated, but 1t 1s not derived from 
the grazing mortality of the algae A large number of 
measurements are discussed as if they all meant the same 
thing Each of the three methods (from total mortality 
rate of the algae from grazmg mortality rate of the algae, 
and from quantity of food assrmilated) is vahd ın 1ts own 
right, but should be distinguished m the discussion Prof 
Raymont goes on to discuss how the zooplankton survive 
and how the various model techniques 1n use so far describe 
the acts of grazing and feeding He concludes that “‘better 
results can be achieved only with a greater accumulation 
of precise knowledge of the phvsiology of zooplankton” 
Jt 18 astonishmg how slowly this preciso knowledge 1s 
accumulating ; 

The book 1s mtended for workers beginning investigation 
in the marme field It will find a wider circalation than 
that There are good and complete accounts of the various 
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parts of the productive cycle m the ocean The history of 
each development is well described, for example, the pro- 
gressive search for a nutrient which limits production or 
for a model which fits the data 

The literature cited is almost all in English, excluding 
much good work ın Russian and German, for example, 
Beklemishev?? has shown that Calanus jJinmarchicus 
Gunner 1s armed with silea teeth D CusHING 
i Sewell, R B S, John Murray Expdn., 1933-34, Sa Rep Bre Mus 

(Nat Hist), 8, 321 (1948) 

t Yentsch, © , and Rvther, J M , J Cons Intern Explor Mer ,24,23 (1959) 
3 Utermohl, H , Handbuch biol Arbertsmeth , 9, 2, 1879 (1936) 


1 Lohmann, H , Untersuchungen zur Feststellung des vollständigen Gehaltes 
des Meeres an Plankton, 129 (Wiss Meeresuntersuch, Abt , Kiel, 1908) 


z mare 8 A,and Conover,S A M, Bull Bingham Oceanogr Coll 12,1 
1956 


* Harvey, H W , Cooper, L H N, Lebour, M V, and Russell, F, S., J 
Mar Boi Assoc , 20, 407 (1935) 


?! Fleming, R H , J Cons Intern Explor Mer , 210 (1939) 


® Fraensel, H , and Gunn, D L , The Orientation of Animals, Kinesis, Taxes 
and Compass Reaction (Oxford University Press, 1940) 


? Harris, J B,and Mason, P , Proc Roy Soe , B, 145, 919, 280 (1956) 

1° Warmis, J E,and Wolfe, U K , Proc Roy Sec , B, 144, 916, 329 (1955) 
11 Marshall, S M,and Orr, A P,J Mar Biol Assoc , 34, 495 (1966) 

n Behlemishev, K. V , Dokl Acad Set, 97, 3 (1954) 


MATERIALS AND METHODS FOR 
MASTERING MENDELISM 


Teaching Genetics in School and University 

Edited by Prof C D Darlington and A D Bradshaw 
Pp x+117+4 plates (Edmburgh and London Oliver 
and Boyd, Ltd., 1963 ) 21s 


ENETICS 18 not easy to teach, since to understand 

the subject,-matter the student requires a knowledge 
of certain aspects of several disciplines meluding biology, 
chemistry and mathematics What makes matters worse 
is that there seems to be an alarming negative correlation 
between biology and a knowledge of mathematics, anyhow 
in university students 

Because of difficulties in teaching genetics, a number of 
people with practical experionce in ıt participated in a 
symposium in order to try to assist themselves and others 
to ımprove their methods The meeting, at which I was 
present, aroused considerable interest m the audience and 
provided some very helpful suggestions „Teaching 
Genetics an School and Unwersity 1s an account of the 
contributions of each of the participants, together with 
additional notes on genetics ın schools, on certam 
demonstrations and on sources of material for teachmg 

The opening contribution by Prof J M Thoday on the 
organization of genetics teaching in universities gives a 
brief account of the contribution genetics can make to 
teaching in those other disciplines between. which ıt forms 
abndge In view of this connecting quality, Piof Thoday 
suggests that a department of genetics should provide a 
service to other departments, anyhow at an elementary 
level of teaching, and that special departments covering 
particular aspects of genetics such as biochemical genetics 
or human genetics should be viewed with disfavour Prof 
Thoday’s article 18 strmuating and should be read by all 
interested ın the teaching of the ‘hfe sciences’. 

The remainder of the book is devoted to special topics, 
with particular emphasis on methods of giving practical 
instruction m genetics The teaching of microbial genetics 
using bactema, bacteriophages, fungi and yeast 1s dis- 
cussed at considerable length by workers distinguished 
in this field of genetics There are also contributions on 
biometrical genetics, developmental genetics and cyto- 
genetics by equally distinguished workers Particular 
mention must also be made of the article by Prof C D 
Darlington on the organization of a genetic garden, a most 
useful adjunct to any department of genetics At the end 
of the book there ıs also a section on “Geneties in Schools’, 
brief notes on organisms, materials and experiments that 
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can be used for particularly Uluminaiimng practical work 
and demonstrations, as well as a most useful list of sources 
of material for teachmg genetics. 

The coverage of the various aspects of genetics 18 
extremely uneven, and the contents of the various contri- 
butions show marked evidence of bemg conceived quite 
independently of one another. Consequently, the editors 
have seen. fit sumply to group the contributions by broad 
subject The methods of teaching microbial genetics and 
cytology are well covered Evolutionary genetics is less- 
adequately dealt with, although there are some excellent 
suggestions by Dr. A D Bradshaw and J G Pusey for 
showing the results of natural selection with respect to 
the production of hydrogen cyanide ın white clover and the 
evolution of heavy-metal tolerance ın several plants 
Quantitative genetics ıs perhaps the most difficult of all 
the sub-divisions of genetics to teach to undergraduates, 
particularly without practical work Unfortunately the 
present symposium does little to remedy the difficulty 
Dr J L Jinks describes an excellent course in biometrical 
genetics for those few with the ability, but, as he himself 
admits, many of the undergraduates fall by the wayside 
because of a Jack of the necessary mathematical know- 
ledge Prof Thoday describes a very useful practical 
exercise in quantitative genetics, but ıt would have been 
helpful if several other sumular exercises could have been 
meluded in the book 

The reader hoping to find a course of genetics designed 
for him will be disappomted by this book, as mdeed he 
must be There ıs little help to be found by those who 
hope for a list of topics suitable for a lecture course, other 
than that given by Dr Jinks and some suggestions for 
teaching cytology by Dr H Rees The ideas for practical 
work are not extensive enough to be useful for a complete 
practical course The reference to genetics in schools in 
the title seoms to have been added as an after-thought to 
attract a wider pubhe A few of the suggestions, particu- 
larly those by D S Falconer on the use of mice, those 
specifically for schools by Dr Bradshaw, some of the 
exercises in cytology described by K L Lewis and Dr 
B John, as well as those by A P Wyle and some of the 
brief notes, will be of use to a number of school teachers 
The majority of methods and suggestions require the 
student (and the teacher) to have an extensive background 
knowledge and will only be suitable for specialized scholar- 
ship work in the sixth form However, the book 1s going 
to be of very great use to all those university teachers of 
genetics who want some suggestions for practical work in 
fields in which they have not themselves worked, and for 
this purpose the book can be highly recommended 

P. M SHEPPARD 


TECHNICAL AND BUSINESS ASPECTS 
OF FARMING 


Farming = 

General Editor Prof A N Duckham Vol 1 Pp xxm-+ 
5434+16 plates Edited by © A Jewell Vol 2 Pp 
xv-+640+16 plates Edited by S Fox Vol 3. Pp xv+ 
585+15 plates Edited by J A C Gibb Vol 4 Pp xv 
+501+14 plates Edited by Dr J Pearce (London, 
New York and Melbourne The Caxton Publishing Co, 
Ltd , 1963 ) 345s per set of four volumes 


HIS book of four volumes on British farming appears 

at a time when doubts are being raised as to whether 
the science and up-to-date practices of farming can be 
treated adequately m one work, its contents give an 
indication of some of the difficulties Preparation of the 
four volumes must have taken a number of years, even 
though shared by the general editor, his four jomt editors 
and eighty-one contributors, and that same period has 
seen a number of changes in farmmg, when proved and 
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established practices have been challenged by alternatives 
largely directed to the saving of manpower and the reduc- 
tion of costs The task, then, of the many contributors 
was far from easy m that they were writing of modern 
and changing techniques and with an eye to likely develop- 
ments A httle of what was written, say, three years ago 
1s out of date, but the authors are to be congratulated on 
the forward-looking views they have expressed, and in the 
overall presentation of an interesting review of the practice 
and science of farming 

Farming 1s written as a practical book for practical men 
and certamly fulfils that objective for those with an 
elementary knowledge of the natural sciencos It ıs a 
useful supplement in helping the farmer to understand tha 
whys and wherefores of what he 1s doing and how to plan 
ahead It is also of direct interest to those m industries 
associated with agriculture 

Volume 1 (plants, soils, crops and grass) opens with an 
interesting account of sou formation and the structure of 
plants, and then leads on to describe the various ways of 
improving soils and controling weeds The tillage crops 
are each dealt with m turn under three broad sections of 
field cultivations, harvosting and general mformation 
There seems no serious objection to this arrangement if the 
book is beng used for reference For anyone mvestigating 
a particular crop, there is merit m bringmg together all 
the mformation on that crop This arrangement would 
also help to eliminate the repetition that one detects here 
and there 

The final section of this volume deals with the grass 
crop It gives an interesting account of types of natural 
grassland, grass breeding and the value of improved 
strams Modern methods of managing grass are described, 
including the newor techniques, which rocently have 
directed attention to the high value of this crop in British 
agriculture 

Volume 2 (livestock), under the title “The Framework 
of Production’’, discusses inheritance, the evolution of 
breeds, the control of growth and food requirements The 
information 18 well laid out and is a useful introduction 
to the more practical aspects of anımal management 
outlined ın the later sections of the volume Beef and 
sheep farming, two very important farming enterprise s» 
would seem to merit rather more attontion than the 
respective 20 and 19 pages allotted to thom Milk produc- 
tion m its many aspects, on the other hand, 1s treated 
generously with 100 pages The concluding section, 
“Starting and Maintaining an Animal Enterprise”, con- 
tains many useful hints on small but important pomts of 
management that at tumes can easily be overlooked 

Volume 3 (buildings, roads and machinery) breaks 
rather new ground in reviewing modern ideas as to the 
construction of farm buildings The emphasis ıs placed 
rather on new buildings, newer materials and the lay-out 
of farm-steadings, though structural repairs and the 
maimtenance of old buildmgs also receive attention 

The choice of farm power and field machmery and their 
operation are discussed in relation to the many jobs on 
the farm Advices given on their efficiency under varymg 
conditions and how far their use results in the saving of 
manpower The section forms a good mtroduction to the 
financial aspects of farm power and machmery exammed 
mn Volume 4 

Volume 4 (management and a general mdex), as a study 
of farm management, could stand as a book by itself 
An interesting description of British farming 1s followed 
by a study of managoment under such headings as 
“Getting Started m Farming”, “Farm Capital”, “Farm 
Labour”, “Management for Profit’, and “Management 
Controls and Farm Planning”. Many examples are given 
to show how a combination of techrcal knowledge and 
managerial ability ıs necessary for successful farming. 
The sections on management controls and farm planning 
in particular should be of great value to the practismg 
farmer, large or small, m the conduct of bas busimess. 
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The index to the four volumes runs to 126 pages (a 
double column of references on each page) On test, I 
found a minimum, of trouble in turning up any particular 
reference This is a valuable feature, for at the price of 
345s. the book may be m use as a reference in hbranes as 
often as ıb 1s taken down from private book-shelves for 
reading and for study. It 1s a text-book as well as a 
reference book, written m good style and easy to read 

It 1s not possible to cater for the specialist farmer or 
grower, even ın a work of this size For example, only 
one chapter 1s set aside for fruit and vegetable growing, 
but readers will find a number of references to other publ- 
cations m which fuller nformation may be obtamed and 
useful notes as to how to use the book 

Thero are 1,350 illustrations ın all. The plates ın 
particular are excellent ın quality The many diagrams are 
clear and helpful, but a number of the smaller reproduced 
photographs are less well chosen, are indistinct and might 
have been omitted J A McMILLAN 


DAIRY BACTERIOLOGY 


Bacteriology for Dairy Students 
By Dr Alan Seaman Pp vu+202 
Hume Press, Ltd, 1963) 25s 


OMPARED with then counterparts ım North 
America, students of agriculture and dairying in 
Britam are poorly served with suitable text-books m the 
important subject of microbiology The publication of 
Dr Seaman’s small text-book 1s, therefore, a welcome 
addition Dr Seaman 1s a younger recruit to the ranks of 
lecturers in microbiology, and 1b would be easy, and dis- 
couraging, to be over-critical of this first edition The 
subject which he has attempted to cover m 194 pages 1s 
large and obviously many aspects could receive only brief 
mention There 1s, however, @ lack of balance m the 
treatment given in different chapters 

In the opening chapters the author discusses the morph- 
ology, isolation and nutrition of micro-organisms Ib 18 
unfortunate that the writer has chosen to illustrate 
various aspects of microbial morphology by somewhat 
crude drawings ‘There are available to-day numerous 
excellent electron photomicrographs (for which, presum- 
ably, permission to reproduce could have been obtamed), 
ulustrating such features as the bacterial cell-wall, cyto- 
plasmic membrane, spores, flagella, etc Use of such photo- 
micrographs would have considerably enhanced this 
section. 

In the chapter on bacterial nutrition the euthor has 
made a commendable attempt to simphfy a complex 
subject, but he has been unable to avoid using a ter- 
minology which may be beyond the grasp of the reader 
for whom the book ıs designed 

Before proceeding to @ discussion of the microbiology 
of milk and milk products, Dı Seaman has ineluded four 
chapters on bacterial destruction, immunology, identifica- 
tion and variation, systematics and a chapter on historical 
development The chapters on bactenal destruction and 
systematic bacteriology are good, but immunology should 
have received rather fuller treatment than sıx paragraphs, 
in view of its umportance m disease control m the dairy 
herd and in bacterial classification While the chapter on 
historical development reflects Dr Seaman’s wide reading 
on his subject, it is doubtful if, ın a short elementary text- 
book of this type, so much space should have been devotod 
to this aspect 

It 1s regrettable that the development of the advisory 
services in England and Wales since the Second World War 
has divorced the teaching departments of colleges and 
universities, from imtimate contact with problems of the 
agricultural and dairy industries As a result the chapters 
on the microbiology of milk and milk products give an 
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unfortunate impression of a theoretical or academic 
approach to the subject and httle attempt has been made 
to emphasize the more important aspects The work 
concludes with a short chapter on the microbiology of 
water and sewage 

The book 1s wntten m a simple direct style, but occa- 
sionally the language is somewhat ambiguous. Each 
chapter concludes with references for further reading, but 
m a number of instances more useful references might have 
been chosen Possibly a fuller bibliographical appendix 
would have served the purpose better. There are a num- 
ber of errors which will no doubt be elummated m later 
editions The book is described on the cover as a useful 
student revision text for exammation purposes I myself 
hope that m future more detailed treatment can be given 
to the section on milk and mulk products whereby the 
book could become a standard text-book for students of 
dairying 

Despite these criticisms, the book has the great merit of 
providing ın compact form a serviceable text in bacteri- 
ology for students of dairying and for workers m other 
food mdustries and can be recommended to such students 
It 1s hoped that the demand will be such as to encourage 
Dr Seaman to plan a more comprehensive second edition 

D A MCKENZIE 


MEDICINAL CHEMISTRY 


Pharmaceutical Chemistry 

Plenary Lectures presented at the International Sym- 
posum on Pharmaceutical Chemistry held ın Florence, 
17-19 September 1962. (International Union of Pure and 
Applied Chemustry ın conjunction with the Italian Society 
of Pharmaceutical Sciences ) Pp v+207~492 (London 
Butterworth and Co (Publishers), Ltd, 1963) 60s 


ESEARCH workers ın the field of medicinal chemistry 
should not be deterred by the title, which might 
reasonably be understood to relate to the art of tablet 
preparation In fact it contams sixteen up-to-date 
(mid-1962) reviews, most of which will be found of value to 
those mterested ın the mode of action and discovery of 
drugs Dr Ing has made a most thoughtful contribution 
with his paper on the mteraction of drugs and receptors 
He stresses the need to avoid acceptance of facile single 
explanations of drug action This cannot be over-empha- 
sized Dr Ing nevertheless almost falls into the trap 
himself when he concludes that he is forced to think in 
terms of an exact fit between the drug and the receptor 
Near miracles m the synthesis of medium-sized poly- 
peptides are becommg almost a commonplace when a 
sufficient number of analogues of a polypeptide hormone 
can be synthesized to allow a study of structure-activity 
relationships to pomt approximately to the active centre 
Dr. Schwyzer’s review of polypeptide hormones, for 
example, ACTH, oxytocm, angiotensm and kalhdin, 1s 
masterly, but he, too, sounds a note of caution He 
appears to reject any suggestion that secondary or 
tertiary conformations, stable m the solid-state or m 
solution, are relevant to the biological activity of a poly- 
peptide Dr Hofmann deals ın greater detail with two 
of these hormones, ACTH and the melanocyte-expanding 
hormone, «-MSH He has established, from the studies 
of synthetic fragments and ther analogues, that full 
activity resides m the first 20 of the 39 residues of the 
ACTH molecule and that the Lys Lys Arg Arg unit at 
positions 15~18, the free terminal «-amino group and all or 
some of the c-amino groups of the lysme residues are 
important 
The cyclopeptides of the phalloidin group obtamed from 
poisonous mushrooms are substances from the unreal 
world of p-amino-acids, y-hydroxy-«-ammo-acids and allo- 
hydroxyproline and in which alanine alone 1s respectably 
normal Prof Wieland writes a fascmatmg account of 
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these compounds Not least interesting are his discussion 
of the additional element of asymmetry mtroduced by 
ther bicyche structure and his disclosure that of the two 
forms of phalloidin, which are thus capable of existences, 
only one 18 biologically active 

Prof Bovet pomts to the difficulties in the classification 
of psychotropic drugs Nevertheless, he provides a useful 
survey on the basis of the commonly accepted arrange- 
ment of the drugs mto ther various categories With 
many of the drugs, both stimulant and depressant, their 
clinical effects, pharmacological propertios and, to some 
extent, molecular structures are m good accord An 
exception is mmipramime, a drug of value m the treatment 
of endogenous depressions, but similar m structure and m 
several pharmacological properties to the phenothiazine 
tranquillzers 

From a careful review of the properties of noradrenaline 
and its N-alkyl derivatives, Prof Pratesi asserts that the 
nature of the “cationic head”? decides whether the bio- 
logical effect be a- or B-adrenergic in character One 
instinctively feels that this 1s an over-simplification 

Of the remaming contributions to this volume, some of 
which are purely chemical m nature and might therefore 
be felt to be rather out of place, specially worthy of 
mention is that by Prof Prelog on the siderochromes, & 
remarkable series of 1ron-contamimg naturally occurring 
compounds comprising both antibiotics and growth 
factors 

Although the report of a widely based symposium, must 
mevitably have something of a magazine flavour, this 1s 
nevertheless a valuable publication The reproduction of 
chemical formulss 1s of a high standard, and ıt 1s with 
diffidence that the omission of a chlorine atom from each 
of the structures and prochlorperazine and chlorprothrxene 
w noted. The photographic reproductions ale of poor 
quality. A F CROWTHER 


A PIONEER IN STATE MEDICINE 
Sir John Simon 1816-1904 and English Social Adminis- 


tration. 
By Dr Royston Lambert Pp 669 (London Macgibkon 
and Kee, Ltd, 1963) 63s net 


IR JOHN SIMON, who well and truly laid the founda- 
tions of State Medicine in England and Wales and 
successfully combined this work with arduous duties as 
surgeon on the staff of St Thomas’s Hospital, London, 
forms the subject of this authoritative biography to which 
Dr. Royston Lambert, Fellow of King’s College, Cam- 
bridge, has devoted several years of painstaking research 
and investigation 
John Simon, of French ancestry, was born mn London on 
October 10, 1816 His father was a well-to-do stockbroker, 
and the son was brought up at Blackheath and educazed 
at Dr C P Burney’s school at Greenwich After a year’s 
study of German and French in Rhenish Prussia he was 
apprenticed to J H Green, professor of surgery at the 
new King’s College in London He learned surgery salso 
at St Thomas’s Hospital, then m the Borough Simon 
became a Member of the Royal College of Surgeons ın 
1838 and a Fellow ın 1844 In 1840 he was made senior 
assistant-surgeon to the new King’s College Hospital For 
a time he hesitated as to his vocation and studied Oriental 
languages, especially Persian, ın the British Museum In 
1842 he began physiological and anatomical research work 
on the thymus and thyroid glands which gamed for him 
the Fellowship of the Royal Society m 1845 In 1847 he 
became the first lecturer m pathology at St Thomas’s 
Hospital with surgical charge of forty beds By 1853 he 
was full surgeon and lectured, taught and operated at the 
hospital until 1876 He was president of the Royal 
College of Surgeons from 1878 until 1879 Fbs distmetion 
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as a leadmg London surgeon is overshadowed by huis 
achievements ın public health 

In 1848 he was appomted the fist Medical Officer of 
Health of the City of London In that year he married 
Jane O'Meara, who was related to Barry E O’Meara, 
Napoleon’s doctor at St Helena In that year also the 
first Pubhe Health Act was passed, maimly as a result of 
the work of the medical pioneers, Southwood Smith, 
Arnott and Kay-Shuttleworth, set forth m Edwim Chad- 
wick’s famous Report on the Sanitary Condition of the 
Labourmg Population, 1842, and the General Board of 
Health was estabhshed There was pressing need to deal 
with cholera and smallpox This Board was a triumvirate 
comprising the First Commussioner of Works, Chadwick 
and Lord Ashley (afterwards the Earl of Shaftesbury) It 
did useful work, but m 1854 1t was reconstituted with Sir 
Benjamin Hall, M P , as president and a medical advisory 
committee, of which Simon was a member The autocratic 
Chadwick retired on a pension In 1855 Simon became the 
first medical officer of the Central Health Authority In 
that year medical officers of health had been appomted 
for all London districts They meluded Dr John Burdon 
Sanderson, Dr George Buchanan, Dr Odling, Dr Parry, 
Dr. Robert Barnes and Dr T Stevenson, all of whom 
advanced organized public health Three years later the 
General Board of Health was abolished Its medical 
duties, mecluding vaccination, were transferred to the 
Privy Council and its Poor Law administration to the 
Home Office In spite of the important work Simon had 
done for public health, it was proposed to abolish the post 
of medical officer, and only through the private mterven- 
tion of the Prince Consort was this retrograde step altered 
Thus the Privy Council obtamed in its medical officer a 
man of great abilities and wisdom, burning with zeal 
beneath a calm demeanour to benefit mankind 

John Simon was medical officer to the Privy Council 
from 1858 until 1871, and held a sımılar appointment under 
the new Local Government Board from 1871 until 1876, 
He was Crown Nomimee of the General Medical Council, 
1876-95, created C B on his retirement and advanced to 
KCB m 1887° He died from acute bronchitis in 1904 

Simon’s Reports on the Sanitary Condition of the Cuty of 
London and his annual reports to the Privy Council and 
the Loca] Government Board are vivid pictures of social 
and sanitary evils, and describe the results of mportanti 
medical researches by the scientists, Burdon Sanderson, 
Kiem, J W Thudichum and others, together with 
comprehensive investigations mto disease and its preven- 
tion He broadened the outlook on public health and the 
prevention of disease, demonstrated that they were an 
essential aspect of medicme, and was the director and 
disseminator of new and fundamental knowledge on these 
subjects 

Admurably and fully, Dr Lambert describes Simon’s 
conflicts with the poor law administrators, his frustrations, 
triumphs, honours and successes He gives an account of 
the jovs and sorrows of his private life 

Simon took an unduly pessymistic view of his great 
life-work, and one minor criticism of the biography 1s 
that Dr Lambert might have appreciated more fully the 
progress made m public health and epidemiology by the 
medical staff of the Local Government Board after Simon’s 
retirement No less than four of Simon’s successors m the 
post of medical officer had served under him as medical 
inspectors—Seaton, Buchanan, Thorne and Power They 
maintamed the high traditions set forth by Simon, and 
preached, the hygienic gospel with the fervour of dise:ples 
Simon himself stated, on p 414 of his English Sanitary 
Institutions (a historical and philosophical exposition of 
the history of English hygiene (1890) ), that “the very 
conspicuous ability of the Department under Dr Buch- 
anan as shown in the works and ın the 
administrative advice which the Department supphes, 18 
something of which English Medical Science has every 
reason to be proud” Afterwards, with the advice and 
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energetic direction of another medical officer of the Board, 
Sur Arthur Newsholme, the first State social health services 
were founded. 

This ıs a valuable and excellent biography of one of 
England’s greatest benefactors ARTHUR MacNarty 


TREATMENT OF CANCER 


Brotherapy of Malignant Tumours 

By N G Klyuyeva and G. I Roskn Translated 
from the Russian by J J Olver Translation edited by 
Dr W J P Newh Pp 1x+315+132 plates (London 
and New York, Pergamon Press, 1963 ) 80s 


INCE the early work of Coley at the end of the nme- 
teenth century, reports have frequently appeared 

suggesting that the growth and development of malignant 
disease may be modified significantly by certain inter- 
current infections or by various microbial products In 
recent times numerous low molecular weight products of 
microbiological origin have been isolated, chemically 
characterized and shown to have caicmostatic properties 
inanimalsandinman These relatively simple substances 
are, however, only part of a much broader spectrum of 
natural products to the therapeutic use of which the 
authors of this Russian work apply the general term 
‘‘Biotherapy” Within this defimtion they melude the 
use of such diverse agents as viable micro-organisms 
pathogenic or otherwise, microbial toxins, lysates and 
filtrates, oncolytic viruses, bacteriophage, yeast and fungal 
products and related materials of greater complexity and 
less well defined than the simple carcinostatic antibiotics 
The preliminary chapters of the book are devoted to brief 
reviews of these topics, reviews which in many instances 
are out-dated at the present time due to the six-year delay 
that has occurred between the publication of the original 
Russian text and the appearance of its translation 

A primary object of this book 1s to present the experience 
that the authors and their clinical colleagues accrued over 
the period 1946-57 in the use of Trypanosoma cruzi 
extracts (cruzin) ın the treatment of human cancers, 
particularly of the hp and breast This they have done by 
way of detailed case reports supplemented in the English 
translation by a selection of the results obtaimed more 
recently by French investigators utilizing similar Trypano- 
somal products The authors claim that complete regres- 
sion can be duced in a proportion of human malignancies 
of various types and localization by prolonged admunis- 
tration of the extracts and that the treatment can be 
effective against primary, secondary and recurrent growths 
with no detectable pathological effect on the function or 
structure of normal tissues In cases of advanced moper- 
able disease, a transition to an operable condition may 
occasionally arise and likewise, where possible, surgical 
intervention during the course of treatment may accelerate 
the process of oncolysis 

In subsequent chapters the authors describe the histo- 
logical and cytological changes induced m malignant 
tissues of both human and animal origin under the 
influence of T cruz extracts They descmbe a complex 
series of changes in the growth characteristics of tumour 
tissues ın which the cells undergo progessrve dimmution 
in nuclear and nucleolar sizes, in mitotic activity, ın 
nibonucleie acid content and protein synthesizing ability 
They believe that this process of ‘normalization’ and ‘loss 
of aggressiveness’ leads to the estabhshment of a new 
relationship between erstwhile malignant tissue and the 
normal body defence mechanisms Subject to the degree 
to which this process can be established, there follows a 
subsequent reaction in which the tumour region 18 invaded 
by colls of the reticulo-endothehal system leading to the 
destruction of tumour cells and their replacement by 
connective tissue as the final act of the carcinolytic process 
where this goes to completion 
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To the experimentalist, 1b 1s perhaps unfortunate that 
much of the earlier work leading to the present clinical 
investigation was published in a volume under the same 
title by the authors in 1946 and will not be readily available 
to Western investigators Nevertheless, the present obser- 
vations are of interest to oncologists generally, particularly 
to those interested ım the immunological aspects of cancer 

C L LEESE 


TRENDS IN CANCER RESEARCH 


Advances in Cancer Research 

Vol 7. Edited by Prof Alexander Haddow and Sidney 
Weinhouse Pp 1x+599 (New York Academic Press, 
Inc , London Academic Press, Inc. (London), Ltd, 
1963 ) 1288 6d. 


Canadian Cancer Conference 

Proceedings of the Fifth Canadian Cancer Research Con- 
ference, Honey Harbour, Ontario, June 10-14, 1962 
Edited by R W Begg, C P Leblond, R L. Noble, R J. 
Rossiter, R M Taylor and A C Wallaco Pp xn+ 479 
(New York Academic Press, Ine , London Academie 
Press Inc (London), Ltd , 1963 ) 100s. 


HE present volume of Advances ın Cancer Research 
contains seven chapters Beard discusses at consider- 

able length our present knowledge of avian virus tumours, 
while Negroni, m a shorter chapter, presents information 
about rabbit and mouse tumour viruses as well as chicken 
tumour viruses and ‘passenger’ viruses, such as Ruley’s 
Agent In a long chapter, Brockmann deals with the 
mechanisms of resistance to anti-cancer agents, and 
questions of cross-resistance and collateral sensitivity in 
cancer chemotherapy are considered by Hutchinson. 
These chapters should be of considerable imterest to 
workers diurectly concerned with virus tumours and 
chemotherapy 

Of more general interest perhaps 1s an analysis by Kotin 
and Falk of the contrmbution of atmospheric factors in 
the pathogenesis of cancer of the lung Farber has sur- 
veyed the carcinogenic properties of ethionine and con- 
cludes that rts activity may be due to its ability to produce 
altered DNA and/or RNA withm the cell At last, 
according to Farber, there 1s some factual support for 
hypotheses that altered chromosomal or extrachromo- 
somal nucleic acids play a key part ın cancer production 
In a short chapter, Court Brown and Tough present the 
interesting work of their group in Edinburgh and of a 
group of workers in Philadelphia on the discovery of an 
abnormal chromosome Ph! i the marrow cells of patients 
with chronic myeloid leukemia, This specific chromosomal 
abnormalhty seems to be closely connected with the 
primary cause of the disease 

Volume 5 of the Canadian Cancer Conference presents 
sets of papers devoted to cellular organization, cell mter- 
action, immunology and chemotherapy The scope of 
this work is more general than that of the present volume 
of Advances and it will probably appeal to a wider audience 
of cancer workers 

In the section on cellular organization, consideration 18 
given to the mode of formation of polypeptide chains and 
to the comparative molecular biology of virus and cellular 
nucleic acids Autoradiographic investigations which 
deal with the sites of ribonucleic acid and protein synthesis 
in the cell are presented, and Ochoa discusses the nature 
of the genetic code Interaction of viral ribonucleic acid 
with mammalian cells is described, and Leslie deals with 
the control of gene expression which may be mfluenced 
by histones In an interesting discussion of chromosomes 
and carcmogenesis Stich concludes that a genetic concept 
of cancer must be given consideration, but the question 
still remains as to whether chromosomal changes in early 
neoplasia are cause or consequence of cancer formation 
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Ford and Clarke present evidence of clonal proliferation 
in primary reticular neoplasms (compare chapter by 
Court Brown and Tough in Advances) 

Another topie of present interest in cancer research 18 
that of cellular mteractions This section deals with cellu- 
lar interactions 2 vitro, describes an attempt to determme 
the time of mitosis in relation to ribonucleic acid and 
deoxyribonucleic synthesis and contaims a discussion of a 
subcellular agent which produces ascites tumours in mice 
Daoust has contributed a chapter on pre-neoplastie liver 
parenchyma in which the idea again emerges that changes 
in nucleic acids may represent essential steps m careno- 
genesis The section 1s concluded with a discussion of cell 
interactions by Weiss 

Immunological aspects of cancer research are considered 
in seven chapters which deal with acquired immunological 
tolerance, auto-antibody formation, mmunity to virus- 
induced tumours, etc , and, in the final section, chemo- 
therapy, mechanisms of resistance to antimetabolites are 
described as well as cross-resistance In the final chapter 
Burchenal surveys the problems ın clinieal resistance 

These two volumes from Academic Press are valuable 
additions to their respective series They seem to pomt 
the way to proliferation of research in the region of 
chromosomal and nucleie acid abnormalities which may 
prove to be at the very root of the carcinogenic process 

J P Ner 


DETECTING BLOOD DISORDERS 


Atlas de Thrombodynamographie 

Par G Marchal, M E Leroux ebt M Samama Pp 186 
(Paris. Service de Propagande, Edition, Information, 
1962) 60 NF 


Taik authors have produced a compichensive atlas to 
illustrate the various changes they can measure m 
certain blood disorders using the thrombo-elastograph as 
designed by Dr Hartert 

This ingenious piece of apparatus records on film the 
oscillations of a lght beam reflected from a murror 
mounted on a torsion wire On this wire is suspended a 
plunger which 1s immersed ın whole blood or plasma con- 
tained in a stamless steel cuvette The latter oscillates 
regularly 5° on either side of the midline, and as the blood 
or plasma clots naturally or after the addition of calcium, 
the fibrm formed grips the plunger and so transmits 
the movements of the cuvette to the film The trace on 
the film records the time ıt takes for fibrin to appear first, 
the rate of fibrin formation and the gripping force of the 
fibrin formed 

The details of the apparatus and the technique of operat- 
ing are described in detail together with a useful description 
of artefacts that may be encountered The sequence of 
blood coagulation and the role of each plasma factor 
and platelet function are discussed and illustrated Trac- 
ings to show the different patterns obtaimed in certain 
disorders are also reproduced, namely, thrombocytopenia, 
abnormalities of platelet function, fibrinogen deficiency, 
plasma coagulation factor deficiencies. circulating antı- 
coaguilants, prothrombin deficiency, fibrinolysis, hyper- 
coagulable states, and anticoagulant-induced defects. 
The authors illustrate and describe adaptation of the 
thrombo-elastograph technique to define specific coagula- 
tion. defects and also the use of this machine m defining 
the changes in the blood followmg open-heart surgery 

There 1s 9 very comprehensive text accompanying the 
illustrations, and the publishers are to be congratulated on 
printing this in French, English and German It ıs a 
pity that more care has not been taken with the Enghsh 
text, which 1s quaint and ın parts frankly misleading due to 
the translation beng too literal Further, the authors can 
be criticized for trying to convert this mto an incomplete 
text-book on haemorrhagic diseases 
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A shorter text confined specifically to the problems and 
value of thrombo-elastography would have bee1 more 
acceptable An unusual feature is the mixture of advertise- 
ments with the bibhography, which is ncomplete Authors’ 
names ın the text are not designated by the dates of their 
articles and some authorities quoted in the text are not 
mentioned ın the list of references 

Although there are these defects, this book should be 
read by those who have, or contemplate having, this 
instrument to assist ın the problems of routine diagnosis 
or for research purposes A A SHARP 


SOUTHERN NIGERIAN 
ANTHROPOMETRY 


The Physical Anthropology of Southern Nigeria 

A Biometric Study ın Statistical Method By the late 
P. A Talbot and H Mulhall (Occasional publications 
of the Cambiidge University Museum of Archeology and 
Ethnology ) Pp xvi+127 (Cambridge The University 
Press, 1962) 328 6d 


i aa monograph was made possible by the late Dr 
P Amaury Talbot, former resident, Civil Administra- 
tion, Southern Nigeria, who for thirty years collected 
anthropometric and anthroposcopic data in this region 
which he administered After his death, Mrs Talbot put 
the data at the disposal of the Duckworth Laboratory of 
Physical Anthropology, Cambridge, the director of which, 
Dr J C Trevor, further sought the statistical help of 
Dr Mulhall It has been the latter author’s task to reduce 
the mass of undigested data to the meticulous and precise 
analysis seen in this published work 

The first chapter is understandably devoted to previous 
regional classification of Southern Nigeria and the relevant 
population numbers (although, incidentally, the sample 
sizes utilized ın the analysis are not relative to the popula- 
tion totals for the regional groups) ‘This 1s followed by 
a diversion mto statistical procedures, Chapters 2-7, 
which are meant as a genoral introduction to anthro- 
pometric statistics, as well as to the final detailed analysis 
Mulhall ıs to be congratulated on the way m which he 
carefully takes us through the statistical methods, 
problems of sampling, probability and theoretical dis- 
tribution models, statistical relationships, and problems 
of group divergence 

The original contribution of this book 18 m its analysis 
of the measurements of nearly 7,000 mhabitants from 
more than 50 groups Although there 1s some debate 
as to the relative ments of an exhaustive analysis of 4 
fow dimensions (12 ın this case), as opposed to the less- 
detailed analysis of more measurements, one 1s left wishing 
that a few more had been available 

This analysis of the Nigerian data forms the last two 
chapters First, the body measurements are considered, 
culminating m the computation of D? values for all the 
regional groups ‘This 1s followed by a consideration of 
skin colour (alas, Talbot was recording m the days 
before colorimetric scales and the portable spectro- 
photometer werein use) This pigmentary mnformation 18 a 
useful addition to the study, and in part corroborates and 
in part challenges the conclusions drawn from the metrical 
investigation Finally, there ıs a reclassification of the 
groups analysed 

As Trevor and Mulhall mtended, this ıs a survey of 
statistical methods ın some aspects of physical anthro- 
pology, combined with & detailed analysis of data from 
one area of West Africa—a somewhat unique combina- 
tion 

A final chapter reviewing the results of this analysis m 
relation to other human biological findings from Nigeria 
(serological, dermatoglyphic, ete ) would have been a 
very useful addition Also, perhaps some mention could 
have been mede of possible environmental differences 
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between the groups (chmatic and especially nutritional) 
As certain abnormal hemoglobm deficiency traits, rela- 
tively common in Nigeria, can also affect body dimensions, 
it would have been imteresting to have these brought into 
& general discussion ag well. 

In view of the fact that photographs were taken by 
Talbot (presumably in standard positions), 1t 18 a pity 
that æ representative sample was not meluded Some 
may consider the lack of an mdex a serious deficiency, 
although the monograph ıs not so long that this becomes 
a cumbersome problem D. R BROTEWELL 


AMATEUR SOCIOLOGIZING 


Conference Across a Continent 

(An account of HRH the Duke of Edinburgh’s Second 
Commonwealth Study Conference on the Human Con- 
sequences of the Changing Industrial Environment in the 
Commonwealth and Empire, Canada, May 13-—June 6, 
1962 Pp. 5214104 photographs (Toronto Macmillan 
of Canada, London Macmullan and Co , Ltd , 1963 ) 40s 

net 


N 1956 a study conference, inspyred by H R H the Duke 
of Edinburgh, was held at Oxford on the human 
problems of mdustrial communities withm the Common- 
wealth and Empire This proved to be so successful, 
especially to the Canadians who attended it, that a 
second study conference was organized in Canada during 
May 13—June 6, 1962 Both conferences have taken the 
same general form, documents and papers were circulated 
beforehand, lectures were given to the assembled partiet- 
pants, discussion groups were formed to consider the 
material presented, study tours were arranged to different 
kinds of industrial communities m the country where the 
conference was held, and the conference 1eassembled 
eventually to discuss experiences and the reports of the 
several study groups ‘There can be scarcely any doubt 
but that on both occasions the participants were worked 
hard, enjoyed themselves enormously, and returned home 
feeling that the experience had broadened their outlook 
and that they had learned something of 1mpoitance. It 
18 Open to question, however, whether anything beyond 
the emotional and intellectual stimulation of the partici- 
pants is achieved by progiammes of this nature 
From the pomt of viow of one who attended neither 
conference and has only tho published reports of the 
proceedings to judge them by, the Canadian Study 
Conference must be reckoned inforior to that held in 
Britam Whereas m 1956 twenty-four ‘background’ 
papers have been reprinted!, many of them of excellent 
quality, only six appear to have been circulated on this 
later occasion m Conference Across a Continent, and none 
of these 18 outstanding Of course, Canada 1s a very large 
country, and the conference was regularly on the move, 
from the opening in Montreal to the closure m Vancouver, 
so that apparently more tame was devoted to the study 
tours than was the case previously, but surely this 1s 
not a good reason for failing to circulate and to reprint 
investigations into the human consequences of the 
changing industrial environment of Canada which could 
make a contribution to our knowledge of these matters 
The sociologist, indeed, might well complam that the 
emphasis on tourmg ‘study groups’ 1s misplaced What 
real knowledge of a very complex situation can such 
groups obtain m so short a time? The report of the 
Canadian study tours claims that the groups were capable 
of generating a “dynamic” that was “almost over- 
whelmmg”’ Conceivably, many of those who were caught 
up m this “dynamıc” underwent a change m their manner 
of looking at the socialenvironment But there is always a 
serious danger in such a circumstance that the mdividual 
concerned will mistake this experience for understanding 
As the report itself acknowledges, “the social process 
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known as group dynamics can lead to a construction of 
worth-while design or to a pooling of ignorance” (p 69) 

Only if the group 1s tramed beforehand m the techniques 
of social enquiry is 1b likely that ıt will make reasonably 
precise and objective discoveries There ıs no evidence 
on this occasion that the enthusiasm of the amateur was 
guided away from hasty generalzation through tho 
employment of the expert methodology of the professional 

Consider, for example, a question hsted m the discussion 
sheets which were provided as part of the study-tour 
programme as & guide to what might be ‘usefully asked’ 
of local informants—‘*Do many m the community thnk 
that some famihes prefer to draw unemployment msuranco 
rather than work?” (p 478) Thisis apparently a quantita- 
tive question, mvolvmg at least two numerical variables, 
for which m principle there are precise answers. Were the 
conference members told about how such answers are 
obtained ın a modern social survey? Were they made 
aware that a sampling procedure, utilizing statistics and 
at least a rudimentary notion of the mathematical theory 
of probability, 1s used, and 1s to be preferred, for good 
logical reasons, to the casual guesses of the man-in-the- 
street who believes he knows what his friends and neigh- 
bours thmk? Were they given any instruction at all which 
could hep them to distinguish between the prejudicos of 
one informant and the empirically based knowledge of 
another? Apparently not, for the hst of questions thom- 
selves were regarded by some of the conference membeis 
as a strars jacket As one of them put ıt, “af these question- 
naires had not been prepared, the group reports might 
have had more individuality and thrown light on subjects 
which may have been omitted” (p 76) No one seems to 
have stopped to ask him the cucal question——“But what 
sort of ight?” 

It cannot be too often reiterated that the study of the 
human consequences and social umpheations of technical 
and mdcstrial change ıs beset by logical pitfalls and 
methodological difficulties of considerable complexity 
A survey of research m this area, presented to a conference 
sponsored by the International Social Science Council 
in 1959? pomted out that far too often expert social 
historians, economists, sociologists, social psychologists 
and social anthropologists leap to conclusions which are, 
as a matzer of fact, not supported by the data m then 
investigations If this is so of the professional, how 
much more hkely rt 1s that the untramed amateur will 
be led astray by his enthusiastic desire for quick results! 
This should not be taken to imply that there ıs no place 
for the amateur ın contemporary social science Of 
course there ıs, just as there 1s still some place for the 
amateur in astronomy, and even to some extent in nuclear 
physics But the part to be played by such people 1s 
clearly dwindling, and they can make no contribution 
except ın so far as their enquiries can bo fitted mto the 
framework of established theory in these subjects 

Nor should it be assumed that conferences such as these, 
bringing managers and trade unionists together from all 
parts of the Commonwealth and Empire, are valueless 
A few weeks of extensive travel and mtensive intellectual 
and emotional stimulation make an impact on the partici- 
pants which 1s not quickly eradicated Useful contacts 
and firm friendships are established, and the published 
1eports serve not only to awaken recollections of a collec- 
five experience but also as a directory for future com- 
munications Such conferences also act to freshen psycho- 
logically people who have become a little dull in thew 
pursmt of the everyday, mdustiial routme, and if they 
learn ın the process that people accustomed to very 
different ways of hfe can nevertheless get along well to- 
gethor, so much is to the good The pity 1s that one of the 
aims of such conferences—the Duke of Edmburgh’s idea, 
“to give them a chance to take a broad view of their 
responsibilities during the process of industrialization 
or durmg the further development of @xisting mdustnial 
communities” (p 21)—should have become clouded by 
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failure to teach them the lesson of contemporary social 
science, namely, that the pamstakingly acquired tools of 
social mvestigation are better utilized for this purpose 
than the traditional rule of thumb. TA Bands 


tH RH the Duke of Edinburgh's Study Conference on the Human Problems 
of Industrial Communities within the Commonwealth and Empire, 2 
(London Oxford Unrversity Press, 1957) 

* Sonal Implications of Technolagical Change (Paris 
Serence Council, 1962) 
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AFTER THE SCIENTIFIC REVOLUTION 


Inventing the Future 
By Professor Dennis Gabor Pp 231] 
and Warburg, Ltd, 1963) 21s net 


E should have realzed a long time ago that ıb is 
really P G Wodehouse’s Bertie Wooster who 1s 
11ding the wave of the future, and that barrmg accidents 
the widely acclaimed disappearance of the Leisure Class 
looks lıke bemg followed, after only a very few years, by 
an overwhelming comeback The Age of Plenty 1s already 
dawning and, although at its first appearance, we are 
tempted to greet 1t as cheerfully as people who have spent 
a long cold night out of doors see the first rays of the Sun, 
we are already begmning to realize that by mid-day it’s 
gomg to be a real scorcher No need to work, no diseases, 
no need to read, travel from any part of the globe to any 
other within a few hours-—how ın the world are we gomg 
to fill our time ? 

Of course, in those old best-sellers whenever the sheer 
vacuity of Bertie Wooster’s porennial leisure had led him 
into some particularly disturbmg piece of mischief, he 
turned for advice to his ever-capable and far-sighted 
manservant Jeeves Dr Gabor has set himself nothmg 
less than the task of playmg Jeeves—and this time one 
who has first-rate scientific expertise at his fingertips— 
to the whole leisured world of the future An extraordin- 
arily good job he makes of 1t This is a short book, only 
190 pages of text and about another 30 of notes There 
are very few scientists, and practically no reasonably 
educated non-scientists, who would not get great profit 
fiom devoting to 1ts reading the few hours which is all 
it demands On almost every page there is something 
which, 1f not always entirely novel, ıs put mto a way which 
18 fresh and thought-provokmg and often witty 

A great number of these pomts, of course, call aloud 
for discussion The book ıs so compressed that 1b 18 
impossible to summarize all the numerous arguments ıt 
contams, or to indicate particular points of agreement or 
doubt In the broadest possible outhne the man frame- 
work is made by the thiee major problems which mankind 
now faces of nuclear annihilation, of bemg swamped 
by s flood of babies, and of bemg bored to death About 
the first two Dr Gabor shows a robust, and 1esonably 
convincing, optimism The equilibrium in the balance 
of nuclear power 18, as he pomts out, a remarkably stable 
one as between the United States and the USSR, and 
probably strong enough to absorb the potential threat of 
China long enough for that country’s crusading ardour to 
die down to a manageable level The population explosion 
is perhaps more challenging, but technological advance 
mn the production of foodstuffs 1s, or could be, rapid enough 
to give us a certain breathmg space From a moderately 
long-term point of view there are clearly several ways im 
which the human birth-rate could be controlled, many 
of them mvolving social influences on indrvidual behaviour 
which we, our generation, might find difficult to stomach 
but which our successors may easily take m their stride 
There ıs, after all, an extraordinary capacity for homeeo- 
stasis m almost all biological systems, and if Homo 
sapiens succeeded in breeding itself out of a livelihood 
this 18 something almost no other species has been able to 
accomplish. 


(London Secker 
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It 1s when he turns to the problems of an age of leisure 
and plenty that Dı Gabor becomes most stimulating I 
can perhaps best mdicate the character of the book by a 
few quotations ‘Between 1947 and the end of 1961 the 
US work foree had expanded from 60 millon to 71 
milhon, but the total number of production lne workers 
had decreased by 7 per cent They have a good 
conscience, working so hard at their telephones and. type- 
writers or rushing from one place to the other for urgent 
conferences This 1s just the wonderful thing m this 
modern system of waste that ıt makes people believe 
that they are useful” (pp 109,110) “ asC E M Joad 
said ‘Work ıs the only occupation yet invented which 
mankind has been able to endure m any but the smallest 
possible doses’ The truth ıs rather that m a country 
m which the economic game 1s played passionately, this 
threatons to produce a dull conformity, the very opposite 
of freedom” (p 135) “Stagnation, at whatever level 
remains an ugly word to mtellectuals who have grown up 
in an epoch of material progress” (p 135) “In the first 
years of childhood probably not much harshness will be 
needed to educate citizens for the age of leisure but 
there can be little doubt that hardship will be a necessary 
component n the education of the adolescent’ (p 138) 
“Western object-mindedness and work addiction 1s one 
extreme, Eastern quetism and mtroversion 18 another 

.. We must not give up hope that we shall be able to 
assimilate something from the East which will be better 
for the restless Western mind than alcohol or opium” 
(pp 140,141) “There is no hmitation to the number of 
those who can enjoy science other than their own ability to 
comprehend ıt My idea of the amateur scientist 1s 
that he shall be a knower not a doer” (p 144) “‘Certamly, 
the masculine valuation of strife and progress has created 
our civilization, 16 will just as certainly destroy ıt if 1% 
goes on much longer unmitigated by femimuine principle” 
(p 149) 

This last quotation brings me to the one pomt of 
criticism I should like to make of this book Jt 18, ın some 
rather indefinable way, a peculiarly mmpersonal work, 
rather lko an engincer’s 1ough drawings trying out a 
series of ideas fo. some major design I find ıt difficuls 
to pm down exactly from where the impression alies; 
possibly from the fact that Dr Gabor scarcely mentions 
religion or any activities related to ıt, possibly agamn from 
the fact that although he values something that he refers 
to as a “feminine principle’, he does not mention sexual 
activity and mdeed scarcely refers to imter-personal 
relations, although surely religion, sex and personal 
relations have always m the past filled the greater part 
of the lives of those few mdividuals who have enjoyed 
ample leisure However, few people will—and I am sure 
the author would not expect them to-read this book m 
order to be told exactly how to solve the problems of the 
future What they will find m it is a most provocative 
lst of problems with which mankind 1s hkely to be con- 
fronted, and a large number of positive and buoyant 
suggestions for some of the thmgs wo might do about 
them O H WADDINGTON 


THE FLOODTIDE OF MANKIND 


Our Crowded Planet 

Essays on the Pressures of Population Edited by Fairfield 
Osborn (Sponsored by The Conservation Foundation.) 
Pp 192 (London George Allen and Unwin, Ltd , 1963 ) 
2ls net 


HIS volume, sponsored by the Conservation Founda- 
tion, comprises a series of twenty-one specially com- 
mussioned essays from authors of international fame long 
associated in their writings with varied aspects of the 
population problem In a brief introduction by Faırfield 
Osborn, we are reminded that the “inordmately rapid 
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increase of populations .. faces everybody everywhere” 

The essays are all short, ranging from a little more than @ 
thousand words to about five thousand, and one could 
scarcely expect anything new to be said m so restricted a 
space. There is, obviously unavoidably, a great deal of 
repetition most essays give figures for world population 
and rates of increase which vary considerably, and all are 
out of date according to the present issue of the Demo- 
graphie Yearbook of United Nations Internal evidence 
suggests that some of the essays were written several 
years ago when the world’s population was, according to 
p. 183, 2 75 ‘billion’ [US billion], increasmg by nearly 
60 million a year at more than 15 per cent That the 
present-day figures are 3 2 billion, 63 million a year and 
more than 1 9 per cent only serves to emphasize how we 
are, m fact, being overtaken by events, and gives point to 
the comment of Sir Charles Darwin (there ıs no indication 
of his death) that we are living “in what ıs a fantastically 
abnormal period of history and one which must inevitably 
end soon. the end to such things as affluent societies 
and welfare states, and our descendants will look back to 
the nmeteenth and twentieth centuries as a golden age of 
easy lifo” 

The essays are arranged in five groups Five in the first 
deal with population pressures on man’s natural environ- 
ment, and ıt 18 not difficult to guess the hnes taken by 
Marston Bates, Darwin, Paul Sears, Frederick Osborn and 
Fraser Darling Marston Bates, with others later in the 
book, reminds us that the human animal evolved as part 
of the world biologica! system, he has become an “eco. 
logical dominant”, and there must mevitably emerge 
some ‘‘wise principle of co-existence between man and 
nature” to end ‘‘his present cancer-hke spree of reproduc- 
tion? We are constantly reminded in these essays, 
indirectly rather than of purpose, of the isolation of the 
United States where the ‘modern commoner thinks 
nothing’? of an escort of a thousand slaves (that 1s, 
a motor-car developmg 100 horse-power) (Sears), but 
where “many social workers to-day would lose their jobs 
if they wero caught giving contraceptive advice” (Osborn) 
It ıs Osborn who brings out the advantages of “‘assortative 
mating’ consequent on greater mobility, otherwise the 
inevitable trend of mankmd using modern medical skulls is 
the reverse of selective breeding among animals Osborn 
concludes that “‘public health authorities will some day 
accept responsibility for genetic defect as they now accept 
responsibility for controlling contagious disease” 

Part 2 has seven essays dealing with population pres- 
sures on economic and political trends by Eugene Black, 
Earle Rauber, Lord Boyd Orr, Sir Solly Zuckerman, 
H S Commager, Grenville Clark and Arnold Toynbee 
In each case the author puts forward views already 
associated with him. Eugene Black tends to hnghhght 
the differences between the economist’s and tho scientist’s 
baste thinking, though he too concludes, “unless popula- 
tion growth can be restrained we may have to abandon for 
this generation our hopes of economic progress in the 
crowded lands of Asia and the Middle East” At the same 
tame he ıs not convinced that population growth will 
eventually outrun the development of the world’s 
resources Lord Boyd Orr has been converted to the 
optimistic belief that “the present explosion of population 

is merely the birth throes of a new age of stabilized 
population in a world of peace and plenty’’ To this 
Sir Solly Zuckerman adds, “the problem of population 
pressure becomes simply a problem of politics and leader- 
ship”, and Arnold Toynbee looks to a new and permanent 
United Nations Relef and Rehabiltation Agency to 
achieve world umty for production and distribution of 
food 

Four important essays, makmng up Part 3, supply a 
valuable corrective to world generalizations by presenting 
case studies of India (M C Chagla), Japan (Chikao 
Honda) and Latin America (E Beltran) with the veteran 
W C Lowdermilk drawmg on his wide experience in the 
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less-developed lands Independent India mn 1947 planned 
for # population m 1961 of 430,000,000, actually ıb 
reached 438,000,000—‘‘a dark and dismal future for 
milhons, bitterness and frustration, poverty and unem- 
ployment, poltical discontent and unrest” Voluntary 
sterilization, described as simple, pamless and free, 18 
advocated The miracle of Japan’s population change 
with the 1957 natural merease of 0 887 per cent, the lowest 
ever recorded in Japan’s modern demography, 18` attr- 
buted to conscious planned parenthood, but there 1s some 
doubt as to 1ts permanence 

The two essays on the population problem and religion 
are unsatisfactory. Bishop J A Pike of California, as a 
Protestant, attacks the ‘official’ Roman Catholic attitude 
which Father Robert Gannon, former President of 
Fordham, calls a “monolithic illusion” It 1s left to Bates 
to comment that moculation 1s as ‘unnatural’ as contra- 
ception Finally Joseph Wood Krutch, André Maurois 
and Julian Huxley are left to consider population pressures 
on morals and ethics André Maurois 1s in no doubt of 
the termble retrogression since 1914 basically due to the 
wild proliferation of men bringing forth umintelligent 
generations, and calls for a reversion of the tide. The 
history of mankmd records examples of such great 
reversions. Christianity 1s one Julian Huxley looks to 
“the vision of evolutionary humanism, essentially reli- 
gious’, and we should devote ourselves with truly religious 
devotion to the cause. 

A. wall-selected list of general and technical readmgs 
concludes this interesting collection, which, if 1+ contains 
nothing new, summarizes in convenient and readable form 
the considered views of twenty-two leading thinkers It 
18 most unfortunate that the publishers should print the 
names of sixteen of these on the dust cover, unhappily 
leaving out six authors, all non-British, who in fact have 
the mest valuable contributions to make In the cause 
of ternational understanding this dust cover should be 
withdrawn at once L DUDLEY Stamp 


THE UNITY OF LIFE 


The Unseen World 

By Prof René Dubos Pp xı+112 
Rockefeller Institute Press, London 
Press, 1962) 35s net 


N a foreword to this book, Detlev W Bronk explains 
that the Rockefeller Institute has decided to initiate 
an annual series of lectures simular to the famous Christmas 
Lectures at the Royal Institution This is welcome news, 
because there can be few establishments in the world 
with such a distinguished staff of scientists Dr Dubos 1s 
a microbiologist of mternational repute, and so well has 
he succeeded ın presenting his subject that ıb is bound to 
fire off the mmaginations of many young people, as yet 
undecided on ther future careers The remarkable thng 
about this beautifully produced book 1s that it touches on 
so many interesting aspects of biology in so short a space. 
If ıt manages to send a middle-aged and somewhat blasé 
reviewer scurrying over to the hbrary to find out more 
about hchens, cheeses, orchid seeds, the colour of tulips 
and the production of hemoglobin in root nodules, ıt will 
surely capture many a young reader 
Throughout the book one senses that Dr Dubos has a 
deep feeling about the fundamental] similanty of different 
forms of hfe Many biochemical processes ın micro- 
organisms are identical with those ın higher animals and 
are often easier to investigate The electron microscope 
is beginning to show that there are also fundamental 
structural similarities The mitochondria of yeasts are 
not very different in form from those found im higher 
plants protozoa and man Even where apparent differ- 
ences exist we now realize that these are often only modi- 
fications of a basic design The buildings may look 
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different, but the bricks are similar. The association of 
enzyme system with varous membranous components 
of the cell ıs well established, and ıt may be that mutations 
and adaptations m response to unusual environments are 
accompanied, by ultrastructural -changes If so, micio- 
organisms would seem to be the best experimental material 
for this type of mvestigation One must agree whole- 
heartedly with Dubos’s statement “‘The biophysical and 
biochemical unity of hfe ıs certamly one of the largest 
contributions of modern science to philosophical thought” 
In so short a book 1b is inevitable that some topics are 
discussed imadequately There ıs an occasional loose 
statement, as, for example, ın discussing Pasteur’s work 
“. he found that one solution deviated polarized hght 
to the right and the other to the left”, butone sympathizes 
with the difficulty of tryimg to explain polarized hght to a 
general audience The section on antibiotics is very brief, 
and the birth dates of Florey and Chain are unfortunately 
mterchanged It 1s perhaps a pity that space could not be 
found for the contributions of John Tyndall, himself 
closely associated with the Royal Institution His Essays 
on the Floating Matter of the Avr published ın 1881 are an 
excelent example of clear thinking and he must surely 
rank among the great pioneers of biophysics and micro- 
biology Not only did he observe the antagonism between 
some moulds and bacteria but he stressed the importance 
of species differences In describing the contamination of 
bacterial cultures by Penicollaa he wmtes “In every case 
where the mould was thick and coherent the Bacteria 
died, or became dormant, and fell to the bottom as a 
sediment . The turnip-mfusion, after developing ın the 
first imstance its mynadfold Bacterial lıfe, frequently 
contracts mould, which stifles the Bacteria and clears the 
hquid all the way between the sediment and the scum 
The Bactena which manufacture a green pigment appear 
to be uniformly victorious in their fight with the Peniel- 
hum” So near, yet sixty years too far Dubos’s book 
makes us wonder what great discoveries are being mussed 
to-day R BARER 


ESSAYS OF GEORGE SARTON 


Sarton on the History of Science 

Essays by George Sarton Selected and edited by Dorothy 
Stimson Pp xvi+383 (Cambridge, Mass Harvard 
University Press, London Oxford University Press, 
1962) 80s net 


EORGE SARTON, first professor of the history of 
science at Harvard, died in 1956 For many years he 
had been one of the leading authorities on his subject, and 
the editor of this collection of his essays claims that for 
forty years his name was ‘“‘practically synonymous with 
the history of science’? So far as the United States is 
concerned, this statement ıs unhkely to be challenged 
Sarton was a man of great erudition, an exact and 
exacting scholar, to which accomplishments he coupled 
immense energy He is probably best known as the 
founder of the international journal, Jszs, devoted to the 
history of science. which he edited for some forty years, and 
to which he regularly contributed a valuable critical 
bibliography on the history of science and related subjects 
He was, however, a prolific writer and, apart from his 
editorial work, was the author of a number of books and of 
numerous essays and articles on various aspects of his 
subject Bofore his death, Sarton drew up a list of those 
among the latter that he considered worth re-publishing 
All but three of the twenty-three articles included in 
Sarton on the History of Scvence were included m this het 
Thirteen were published origmally in Isis The remainder 
appeared in a variety of publications for the most part not 
easily accessible The selection has been made, and the 
articles edited, at the request of Sarton’s hterary execu- 
tors, by Prof Dorothy Stimson, whose name may be 
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famuihar to British readers as the author of Screntests and 
Amateurs, a short history of the Royal Society. 

The essays have been arranged in three groups to 1llus- 
trate the varying aspects of Sarton’s work Those in the 
first group emphasize his activities as propagandist for the 
study of the history of science, and among them 1s the 
last important article he wrote, an essay on the history of 
science contributed to the Encyclopedia Americana in 
1956 Those in the second group illustrate his work as a 
historian of science proper. They are mainly biographical, 
and the subjects chosen range from an essay on Avicenna 
to one on the work of the twentieth-century scientist, 
H C J Mosely A long article on Leonardo da Vinci, 
not hitherto published in full, ıs mcluded The third 
group has been. selected to illustrate Sarton’s methods and 
procedure as a writer and editor In this section there are 
articles on such diverse subjects as English as an mtor- 
national language, notes on reviewing learned books, the 
study of early scientific text-books, and the history of 
twentieth-century science 

Apart from the value of some of these essays as 
source material, for example, that on the sixteenth-century 
Belgian scientist Simon Stevin, this book forms a 
readable introduction to Sarton’s work as a whole As 
such it ought to be welcomed by British students of the 
history of science to whom his contributions to the 
subject are possibly not as well or, at least, as fully known 
as they deserve to be 


HOMAGE TO GEORGE POLYA 


Studies in Mathematical Analysis and Related Topics 
Essays in Honor of George Pélya. (Stanfoid Studies in 
Mathematics and Statistics, No 4) Edited by Gabor 
Szego, Charles Loewner, Stefan Bergman, Menahem Max 
Schiffer, Jerzy Neyman, David Gilbarg, Herbert Solomon. 
Pp xxi1+447. (London Oxford University Press, 1962 ) 
80s 


APERS from sixty notable mathematicians testify to 
the respect and, more, to the affection m which Prof 
Pólya ıs held by the contemporary mathematical world 
His high professional competence is shown by an output of 
more than 200 research memoirs, the lucidity of his 
exposition 1s known to his readers as well as to those 
fortunate enough to have heard him lecture But this is 
not all; every teacher of mathematics, every young 
research worker in the field of analysis, can find inspiration 
and assistance m those of his books in which he has dealt, 
explicitly or implicitly, with the modes of mathematical 
discovery and creation In the middle 1920’s, Pélya (in 
collaboration. with Szego), in the two volumes of Aufgaben 
und Lehrsatze aus der Analysis, offered the young analyst 
a remarkable opportunity of sharpening the tools of his 
trade by studying the grouped sets of problems (with 
solutions) on most topics in analysis from the fundamentals 
of hmit theory to complex varnable and the analytic 
theory of numbers, here the novice could see how general 
theorems could be apphed and sharpened in applications 
to special problems 
After the Second World War, Pólya began writing on 
the motivation and presentation of mathematical dis- 
covery He emphasized the part played by intuition 
(perhaps better described as controlled guess-work), a part 
as important as that played by strict logical mnference 
Great mathematicians such as Gauss have delighted in 
publishing their discoveries in concise synthetic form, n 
recent years, research memoirs have been compressed to 
extremes in response to editorial demands for economy of 
space The young student may marvel at the results, but 
he will not easily see how they wore arrived at In his 
books How to Solwe It (Princeton, 1946) and Induction and 
Analogy mn Mathematics (Oxford, 1954), Pólya shows by 
an opulent variety of examples how a mrxture of inductive 
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and analogical argument can lead not only to the con- 
jectural theorem but also, often enough, to the lines on 
which a deductive proof may be founded Take, as an 
example, Carleman’s theorem, that if each a, 18 positive 
Elay «Gy < e Ld, 

where, on the right, e18 the best possible constant Pélya’s 
proof of this ın the Proc London Math Soc (24; 1926) may 
strike the casual reader as a tour de force, but the author’s 
own dissection of his proof shows how naturally the 
argument flows from a plausible lme of approach Much 
of the work 1s within the limits of a good school course, 
and teachers who make use of his ideas need no longer 
fear that reluctant intellectual assent (“You’ve proved 16, 
but I still don’t believe it’), which 1s so often their meagre 
reward Pólya has shown us how to convince our students 
that mathematics ıs as exciting, as imaginative, as 
esthotically satisfymg as any other field of intelligent 
enquiry. Britain needs more mathematicians; 1b will not 
get them by stressing utilitarian. values, but ıt may get 
them by presenting Pélya’s view of mathematics as & 
superb intellectual adventure. 


MATHEMATICS IN THE U.S.S.R. 


Recent Soviet Contributions to Mathematics 

Edited by Dr J P LaSalle and Dr S Lefschetz Pp 
vui+324 (New York and London The Macmulan Com- 
pany, a Division of the Crowell-Coller Publishing Com- 
pany, 1962) 8 75 dollars, 66s. 


HOSE who cannot make a direct study of Russian 
mathematics, because of bnguistic deficioncy, may 
find difficulty ın assessing the true worth of its immense 
productivity To help them, a panel of well-known 
American mathematicians has devoted a year to an 
intensive survey of Russian mathematical output, princip- 
ally for the period 1957—60, and has now reported on some 
major topics in pure mathematics The mam hoadings 
are algebra, control and stabihty, functional analysis, 
numerical analysis, ordmary and partial differential 
equations, probability and information theory, and 
topology 
The editors have themselves added to the special 
reports a ‘general appraisal’ The conclusions they draw 
are well worth consideration While they regad the 
United States and the USSR as world leaders of about 
equal strength, they beheve that the USS R can move 
more rapidly than the United States m the practical 
apphecations of mathematical theory, and may possibly 
surpass the Umted States m such matters as control 
theory, numorical analysis, and differential equations, 
perhaps because of the mtense drive by the USSR 
towards automation m industrial production They 
emphasize that while the gap in the Umted States between 
mathematics and 1ts applecations 1s widening, mathe- 
maticians m the USSR are not neatly segregated into 
the ‘pure’ and ‘apphed’ categories, there, mathematicians, 
scientists and engineers work closely together, so. that, 
for example, there are many engmeers who understand 
and exploit the most recent of advanced mathematical 
techniques Mathematicians themselves enjoy a high 
prestige and status Excellent books are available at 
very low prices, the large number of mathematical 
poriodicals means that room, can be found for long exposi- 
tory articles as well as for the highly condensed specialist- 
to-specialist research memoirs It ıs this breadth of 
view, coupled with motivated speciahzation, which 
accounts for the fact that m control theory the quahty,of 
work ıs as good as that m the United States while the 
quantity and number of participants ıs much greator, 
and that ın the field of differential equations the lead 1s 
now indisputably with USSR On the other hand, 
this may explam why certain topics are under-developed, 
Lefschetz, ın his own report on topology, suggests that 
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the reason why there has been no significant contribution 
to modern algebraic geometry in the USS R 31s that the 
subject 1s self-contamed and has no direct influence on 

appheations to apphed problems 
This appraisal gives the :mpression that the Russians 
have solved the problem of combming breadth of view 
with sharpness of specialist penetration in a mode which 
is no longer common. m the United States or m Britain 
How has this been done ? Is Britam’s exammation system 
partly to blame ? The old Tripos, with its many defects, 
at least knew no distinction between pure and apphed 
mathematics J J’s first paper was on the theory of 
numbers, A R Forsyth’s on hydrodynamics One thing 
seems certam ıt 15 not enough for academics, mdustrial- 
ists or politicians in Britain to talk glbly about the need 
for more mathematicians, 1b 18 necessary to look to the 
lund of mathematicians that are wanted Britam must 
have expert pure mathematicians who nevertheless do not 
“despise the stumulus of application, and applied mathe- 
maticians who can exploit the most abstract and general 
theories of the pure mathematician 
T A A BROADBENT 


ATTITUDES IN INDUSTRY 


Industrial Participation 

Theory and Practice—a Case Study 
(Social Research Series) Pp 150 
University Press, 1963 ) 25s net 


HE problem of getting employees at all levels in a 

business organization to participate im its smooth 
running 18 one which 1s frequently posed and seldom 
solved Ina case study of a factory employing some 500 
male manual workers, J A Banks has attempted to 
discover the forces which influence participation im 
different departments of the factory, among employees 
with varying periods of seivice in the particular com- 
pany, and on different shifts As a measure of participa- 
tion he uses the desire to seek promotion to the rank of 
supervisor, the willmgness to seek responsibility by serving 
as a shop stewaid, and the extent to which employees were 
not only prepared but also actually participated ın the 
company’s formal jomt consultation machmery. 

The conclusions are not unexpected and confirm eaiher 
studies of a similar nature What matters most im 
influencing the degree to which employees are prepared to 
contribute to an organization’s well-bemg is not the 
mechanics of jomt consultation, not its technical efficiency, 
and not necessarily its social groupings It 18, quite 
simply, the inter-personal factors which contimue to make 
an employee feel he 1s or 18 not wanted 

This 1s the essence of a study which takes a long time in 
the telling and which, throughout, bears an air of unreality 
This is mainly because the statistical analyses are too 
small to command anything like the general mmport which 
Banks indicates and because of his excessive preoceoupa- 
tion with them The author’s lack of awareness of what is 
happening ın imdustry 1s indicated ın a reference to 
promotion ‘Although there are signs,” he writes, “that 
at the management level recrmtment from outside 1s 
gradually replacing promotion from within, at the super- 
visory grade we still largely expect to recruit by promotion 
from the shop floor” This reads more hke a lament from 
a chaige-hand than an observation by a skilled mdustrial 
investigator Does it need Lord Robbins, or the report of 
the Committee on Higher Education of whieh he was 
chairman, to persuade the author that the graduate recruit 
differs only from the secondary modern recruit m that his 
period of formal education lasts longer and that, until they 
start work, both must be considered as outsiders? More- 
over, that, mcreasmgly, supervisory jobs are baing filled 
by graduates and their equivalents as part of their develop- 
ment on the way up ? T H Hawenrys 


By J. A. Banks 
(Liverpool: The 
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Logic, Computing Machines, and Automation 

By Ahce Mary Hilton Pp xxi+427 (Washington, 
DC Spartan Books, London Cleaver-Hume Press, 
Ltd, 1963) 72s 


Nig logic 18 an essential component m. 
the basic theory of computors and automatic con- 
trollers However, to-day these subjects are in their 
early stages and the most erudite specialist would find ıt 
impossible to write a book explaining adequately all the 
connexions between logic and these applications It 18, 
therefore, a very difficult undertaking to give some notion 
of these connexions to the general reader, which is what 
Logic, Computing Machines, and Automation sets out to 
do ‘The book 1s a succession of summaries of mathomatical 
logic, some parts of mathematics, the operation and pro- 
gramming of computers, and a small section on automa- 
tion Parts of these summaries are quite good, but the 
real problem ıs to lnk them together so as to give the 
reader a coherent picture Little attempt is made at this 
linking, for example, the reader has two pages m which to 
struggle with the ideas of material rmplication, conditional 
impleation, and strict implication, uf he succeeds m 
mastering them he then finds that they lead nowhere. 
A good exposition for the general reader remains to be 
written, when 16 comes 1 will be much less ambitious, 
and much more attuned to the way that people absorb 
difficult technical material J J FLORENTIN 


Electrical Instruments and Measurements 

By W Alexander Second edition (Cleaver-Hume 
Electrical Series, No 5) Pp 350 (London Cleaver- 
Hume Press, Ltd , 1962) 25s net 


HIS book was first pubhshed m 1951 and has now 
been revised for the second edition It 1s primarily 
mtended for the use of technicians, and the small size 
of the pages makes it easy to carry about in one’s pocket 
The only obvious disadvantage of the small page size 15 
that some of the detail of the diagrams and photographs 
is difficult to see clearly 
The book opens with a very readable chapter or. 
fundamental prmeiples and this 1s followed with simple 
descriptions of ammeters, voltmeters, wattmeters, power- 
factor meters, frequency meters, quantity meters anc 
energy meters The nature of the quantities measured ıs 
described with a mmimum of mathematics and plentiful 


diagrams, and there are useful chapters on the testing o? 


instruments and circuits A few test questions and 
numerical answers are mcluded The material 1s generally 
well chosen, but the measurement of three-phase volt- 
amperes and power factor 1s madequately covered and the 
possibilty of obtammg widely different results according 
to the definition of volt-amperes does not appear to be 
mentioned 


Instrument transformers are discussed as a means o? 


extending the range of voltage and current measurement, 
but the testing of these devices 1s not described The 
only method of compensatmg errors given 1s “burns 
compensation” for ratio, and on p 87 the author denies 
the existence of methods for compensating phase error, 
which 1s astonishing 

Apart from these mmor blemishes the book 1s excellens 
and should prove very popular A H M. ARNOLD 
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Electronic Properties of Diamonds 
By Prof F C Champion Pp vu+132 (London: 
Butterworth and Co. (Publishers), Ltd., 1963 ) 25s. 


HIS scholarly small monograph on the present state 
of knowledge about the electronic properties of the 

diamond. crystal 1s most welcome There are two mpor- 
tant research schools concerned with the electio-optical 
properties of diamonds, that of Prof Dutchburn at 
Reading, and that of Prof Champion. himself at London, 
and as might be expected this account 1s authoritative 
Diamond, despite 1t chemical simplicrty, 1s a erystal which 
seems to exhibit an enormous range of physical structural 
complexities, and from the bewilde1ing mass of published 
data the author has produced a readable summary which 
will be invaluable to all scientists (and there are many) 
engaged on the investigation of the physical properties of 
diamond 

The book 1s divided into two roughly equal parts Tho 
first part consists of eight brief chapters which review a 
formidable amount of already reported experimental 
material concermng (a) optical properties of theoreti- 
cally perfect and of real diamonds, (b) electrical and 
photo-conductivity, (c) diamonds as scintillation and 
as conduction counters for radiations, (d) radiation 
damage to diamond; (e) semi-conduecting diamonds, 
(f) electro-luminescence 

The second part 1s a novel contribution for a monograph 
of this size, since it 1s in effect an original attempt to 
explain a considerable number of the physical properties 
of diamond in terms of structural defects and energy- 
levels Prof Champion achieves a fair measure of success 
with his theory and accounts for numerous specific 
properties in some detail Undoubtedly a stimulating 
section, much of which seems very sound to me 

A very useful brief monograph indeed S TOLANSKY 


The Application of Mathematical Statistics to Chemical 
Analysis 

By V V Nahmov Translated by Prasenjt Basu Pp. 

ix+294 (Oxford, London, Paris and Frankfurt Perga- 

mon Press, 1963) 84s 


HE title of this book will immediately catch the eye 
of any chemist seeking unstruction in the use of statis- 
tics m his work The newcomer to statistical methods will, 
however, find the book heavy gomg and would do well to 
obtain his primary background ın the subject from some 
simpler Enghsh text-book On the other hand, those 
chemists who already possess some knowledge of statistical 
methods will appreciate the value of a book applymg 
statistics to their particular problems 
Our old friends, the Normal, Binomial and Poisson 
distributions, the ‘?’ test and the y? test, are all described 
with reference to chemical analysis The analysis of 
variance 18 apphed to the problem of variance between 
and within laboratories The statistics of regression are 
apphed to the standard graphs widely used m modern 
analysis and, m this connexion, the attention given to the 
correlation between the parameters of the regression 
equation 1s interesting as this correlation is not usually 
discussed ın our elementary monographs Another tech- 
nique which may be fresh ground to some chemusts 1s that 
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of sequential analysis which 1s described here, oddly 
enough without referenco to Sequential Analysis by 
Abraham Wald 

There are various mimor errors of either translation or 
printmg which might confuse the uninstructed beginner, 
since the sense can only be recovered by a critical examma- 
tion of the text A notable omission 1s that of the levels of 
significance from Table 6, pp 264—267 

In discussing analysis of variance it 1s unfortunate that 
the author has chosen to describe what 1s clearly variation 
‘within columns’ as variation ‘between rows’, a term 
which bears a quite different meaning in English text- 
books 

I found the Enghsh somewhat stilted and prolix, but 
perhaps this ıs a common feature of translations Never- 
theless, these various blermshes need not deter the pros- 
pective purchaser and the book will be an imstructive 
addition to the chemust’s bookshelf provided, as suggested 
hero, 1t 18 not the only statistical text-book there 

O F NEWMAN 


Analytical Chemistry 1962 

The Proceedings of the International Symposium held at 
Birmingham University (U K ), April, 1962, m Honour of 
Fritz Feigl to Commemorate his 70th Birthday Edited 
-by Philip W West, A M G MacDonald and T S West 
Pp x+411 (Amsterdam and London Elsevier Pub- 
lishing Company, 1963) 90s 


HIS book 1s a compilation of sixty-five lectures 
presented at the Feigl Symposium and the resulting 

discussions To fashion such a miscellany of papers on 
chemical analysis mto book form, and at the same time 
preserve a certain continuity, presents difficulties, but the 
editors have surmounted these with considerable success. 

After two introductory papers, including a biographical 
sketch of Dr Feigl, the first section of twelve papers deals 
with spot-testmg and qualitative analysis It is in this 
section that most omgmal work 1s reported on Three 
papers on semiquantitative spot-test methods and then 
fifteen papers on organic reagents and their appheations to 
chemical analysis follow These latter groups of papers 
are mostly in the form of reviews 

The second half of the book 1s devoted, apart from 
three miscellaneous papers at the end, to physico-chemical 
analysis comprising thirty contributions on electrochem1- 
cal, radiochemical and optical methods, separation 
processes and titrimetric analysis Again, these papers are 
mainly reviews, most with a sizable and useful lst of 
references One criticism of this section 1s possibly its lack 
of balance with sıx papers on polarographic techniques and 
four on atomic absorption Thuis leads to a certain repe- 
tition especially within the contributions on the latter 
topie In contrast only one paper on gas chromatography 
appears 

The book ıs well produced and remarkably free from 
typographical errors although © mstead of c appears as 
the abbreviation for curie (pp. 23, 87 and 105) It can be 
recommended to analysts as providing an up-to-date 
account of most topics within the sphere of modern 
analytical chemistry R Woop 


How Chemical Reactions Occur 

An Introduction to Chemical Kinetics and Reaction 
Mechanisms By Edward L King (General Chemistry 
Monograph Seres ) Pp x1+148 (New York and Amster- 
dam W A Benjamin, Inc, 1963) 215 dollars paper- 
back, 4 35 dollars cloth back. 


BLE pupils ın the sixth form, or students in thew 
first year, will gain a great deal from How Chemical 
Reactions Occur It makes no attempt to mtroduce a 
large number of reactions, the few chosen are well known 
and are used to the full First the meaning of ‘reaction 
mechanism’ 1s established. and attractive diagrams add 
to the clarity The rate laws are next introduced, and 
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adequate space is given to defining the terms involved: 
rate, concentration and velocity constant Some methods 
of examining rates of reaction are given, and this subject 
is taken up agam in a later chapter when very fast 
reactions are discussed The treatment of molecular 
colhsion frequency will appeal to many students, and the 
discussion of activation energy which follows ıs equally 
well done The remaimder of the book ıs given to using 
the ideas so carefully mtroduced The reactions chosen 
serve ideally There are interesting chapters on catalysis 
and on the use of radioisotopes in the exammation of 
mechanisms 

Each chapter ends with a number of problems, some of 
them well worn, many quite novel There 1s an interesting 
glossary and a very detailed reading list Some of the 
books suggested demand a great deal more mathematical 
ability than the one under discussion requires Here 1s 
a book which will win its way into a great many personal 
hbraries. D C FERTA 


The Structure of Molecules 

An Introduction to Molecular Spectroscopy By Gordon 
M Barrow (The General Chemistry Monograph Seres ) 
Pp x1+156 (New York and Amsterdam W. A 
Benjamin, Inc, 1963) 215 dollars paper back, 4 35 
dollars cloth back 


R BARROW has written this account of molecular 
spectroscopy with a sumplicity and clarity possible 
only from a born teacher, but since he 18 also one of the 
subject’s chief practitioners, he makes no apologies foi 
the difficulties involved in analysing spectra of all but the 
simplest molecules The monograph will be welcomed by 
first- and second-year students at universities and tech- 
nical colleges 
The book covers rotational, vibrational, vibrational- 
rotational and electronic spectra, and explains how bond- 
lengths, bond-angles and. force constants can be determ- 
ined to a high degree of accuracy The energy considera- 
tions of vibration and rotation are discussed in classical 
terms and the quantum limutations are imposed without 
recourse to the Schrodinger equation §Sixth-form mathe- 
matics 1s all that 1s required from the student General 
practical details are given and each chapter gives an 
account of the possibilities of future research Hach 
chapter begins with a survey of the material to be pre- 
sented and concludes with a summary and with numerical 
calculations from the text 
The introductory chapter deals with the nature of 
radiation the ways energy can be stored within a molecule 
and how the quantum laws are applied The final chapter 
on the electromeally excited states of molecules will 
prompt the student to ask questions about the properties 
manifested by these entrties 
Dr Barrow retains a humility before Ins subject, and 
one marvels at “the way one 1s led very directly into the 
world of molecular dimensions”, and how much of the 
geometry and movement within a molecule can be de- 
duced from spectra D M RUSSELL 


Chemical Thermodynamics 

By Prof J A V Butler Fifth edition Pp xvn+601 
(London Macmillan and Co, Ltd; New York: St 
Martin’s Press, Inc, 1962) 25s net. 


ROF BUTLER’S Chemecal Thermodynamics requires 
httle mtroduction It is a tribute to 1ts popularity 
(perhaps more with university teachers than with ther 
students) that the book has retamed its position for so 
long and that its thirty-fifth anniversary should be 
celebrated with a fifth edition The bulk of the book 
remains largely unaltered, and the author ıs unashamed 
that up-to-date values have not been substituted for 
some thermochemical quantities because the original data 
well suit the author’s purpose of ulustrating his arguments 
and principles. This reflects the function of the book— 
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it 18 a text-book, and its role ıs to give the student the 
thermodynamic background required by a degree course 
and to be an mtroduction to more advanced treatises 
Part 1 covers the first two laws of thermodynamics, dilute 
solutions and electrochemistry, Part 2, with entropy, free 
energy, the third law, solutions and thermodynamic 
functions, 1s designed to be studied as a second course 
There are two new chapters. One 1s an mtroduction 
to the thermodynamics of irreversible processes (such as 
transport across membranes), and the other (by Dr 
D.J R Laurence) is on the thermodynamics of polymers, 
and discusses the extensions necessary to account for the 
properties of polymer solutions, m which entropy con- 
siderations are naturally dommant, and the consequences 
which occur when solvent and solute are of a different 
order of molecular magnitude D M RUSSELL 


Pyridine and its Derivatives : 

Part 3 Edited by Erwin Klingsberg (The Chemistry of 
Heterocyclie Compounds a Series of Monographs, Vol 
14, Part 3) Pp i1x+914 (New York and London 
Interscience Publishers, a Division of John Wiley and 
Sons, 1962) 488s 


HIS, the third and largest, part follows the format of 
the previous two and comprises four chapters on 

some functional derivatives of pyridine 

A $ Tomeufeik and L N Starker contribute to the 
first chapter (177 pp ) on amimopyridines References to 
infra-red studies relating to the structure of these com- 
pounds are quoted up to 1952 Perhaps some note might 
have been included here to the later contributions made 
by Katritzky et al 

The next two chapters are devoted to carboxylic acids 
The first is by E P Oliveto and includes an excellent 
account of their preparation reactions and functional 
derivatives The chapter concludes with a short account 
of some aspects of the naturally occurring derivatives 
of this group m vitamins and alkaloids The second 
chapter on acids, by J C Godfrey, ıs concerned with the 
carboxylate group as a side-chain in the pyridine nucleus 
The subject material is given the same systematic treat- 
ment as before 

Pyndinols and pyridones, which are important inter- 
mediates in the armamentarium of the synthetic organic 
chemist, are adequately dealt with in the last chapter 
(382 pp) by H Meishch The aforementioned chapters 
are remarkably free from errors and each 1s well supple- 
mented with tables and a comprehensive bibliography 
This ıs & most useful contribution to the chemistry 
of pyridme and maintams the high standard of the 
Series 

The high cost precludes 1ts purchase by the vocational 
“orgamc chemist, and any browsmg mvolves the borrow- 
ing for the night or week-end from the works or academic 
reference brary R HULL 


Spectrometric !dentification of Organic Compounds 

By Dr Robert M Silverstem and Dr G Clayton Bassler 
Pp vir+177 (New York and London John Wiley and 
Sons, Inc, 1963) 64s 


HIS is m many ways an unusual, but welcome, 
scientific publication The strongly didactic charac- 
ter of its presentation will appeal particulaily to advanced 
students who are anxious to improve their knowledge of 
modern instrumental techniques and of thoir diverse 
applications 
The book ıs of quarto size, the text printed legibly 
on good paper, and the tables and diagrammatic illustra- 
tions are all that one could reasonably expect Four 
earlier chapters are mdividually devoted to the fairly 
detailed study of each of four spectrometric methods 
The older, rugged techniques of infra-red and ultra-violet 
spectrometry are considered side-by-side with the more 
complex modern mstrumental systems concerned with 
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nuclear magnetic resonance and fragment mass spectro- 
scopy The finer details of instrument design aie left to 
more authoritative text-books, but sufficient mformation 
1s given to provide the tyro with a clear picture of the 
functioning of a particular instrument and of the theoreti- 
cal implications of the recorded data which 1t provides 

In later chapters, the authors illustrate the powerful 
part which these techniques can play ın the unequivocal 
identification of small (but pure) amounts of various 
organic compounds T'etramerous analytical exercises 
have been carried out with these instruments on various 
organic substances All the experimental data are clearly 
presented, the physical clues are marshalled and critically 
examined Conclusions are then drawn with a Holmesian 
precision and provide a composite molecular and struc- 
tural diagnosis which could well excite the admuration of 
sterner and less-gullible observers than the susceptible 
Dr Watson Quantities of less than one muligram of 
unknown substance are adequate for all techniques with 
the exception of nuclear magnetic resonance, and only m 
the special instance of fragment mass spectroscopy does 
the original sample under examination become irrecover- 
able 

Tables of numerical data are given which greatly 
sunphify the interpretation of the many quatern spectra 
which the authors have provided for twenty organic com- 
pounds of various types Thus 26 pages are devoted to 
J. H Benyon’s tables for the masses and isotopic abun- 
dance ratios for various combinations of carbon, hydrogen, 
oxygen and nitrogen, that is, values of the 100 per cent 
parent peak “P” and of (P + 1) and (P + 2) Similarly 
useful tabular data are provided for the other spectro- 
metric disciplmes described in this work The final 
chapter provides 10 sets of quatern spectra with Beilstem 
references, a most useful complementary student exercise 

This book is reasonably priced and 1s certain to attract 
the attention of those who wish to revise their knowledge 
of the older techniques and to keep abreast of the surgmg 
tide of modern physical science D T Lewis 


Les Cyclitols 

Chimie, Biochimie, Biologie 
nak (Chimie des Substances Naturelles) Pp 492 
(Paris Hermann, 1962) 48 NF 


HIS volume, one of the admurable series on the 
chemistry of natural products, deals with the mono- 

cycle polyhydric alcohols in general, but its maim concern 
1s with the inositols and derived substances These are, 
of course, the most mportant of the natural cychtols 
and constitute a large group of compounds which, how- 
ever, are chemically relatively sumple These range from 
the unsubstituted hexahydroxycyclohexanes through 
methylated derivatives to the complex lipids, the phospho. 
inositides Meso(myo)-inositol ıs a growth factor for 
many organisms mnciuding mammals, although its status 
as & vitamin, ın man, 1s disputed 

Prof. Posternak has devoted much of his research 
career to the chemistry and biochemistry of these com- 
pounds, and has now, fittingly, produced this scholarly 
work in which every aspect of the subject ıs discussed 
m a detailed but readable fashion The book ıs timely, 
because much of the chemistry 1s now well understood 
as a result of work in the intervening years since the 
previous major work in this field was published some 
fifteen years ago On the contrary, however, the bio- 
logical involvement of these substances ıs not at all 
clear and one may expect that the book will give added 
stimulus to further work 

This soft-covered, but sturdy, volume 1s beautifully 
produced References melude those to work published 
in 1960 but a number of pages of addenda at the end 
of the book discuss more recent work It should find 
its way on to the shelves of all chemical and biochemical 
libraries D M Brown 


Par Prof Théodore Foster- 
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Biological Receptor Mechanisms 
Edited by J W L Beament (Symposia of the Society 
for Experimental Biologv, No 16) Pp vi+372 (Cam- 
bridge At the University Press, 1962 Published for the 
Company of Buologists on behalf of the Society for 
Expermental Biology ) 50s net 


HIS volume can bo recommended to all mterested m 

the physiology of sense organs 1t1s well produced and 
represents excellent value The editor defines biological 
receptor mechanisms as ‘‘mechanisms whereby living 
organisms transform or transduce the mformation in 
their environment” About one-quarter of the book 18 
devoted to botanical problems. 

Five articles concern aspects of the physiology of vision, 
with emphasis on the primary process of hght-energy 
capture ın vertebrates and on tho optical characteristics 
of the arthropod compound eye An account of the dislo- 
cation theory of smell is followed by a survey of recent 
work on the chemoreceptive hair of insects The evidence 
for an electric sense m fish is reviewed Further contri- 
butions deal with animal temperature receptors, the ear, 
the labyrinth, and the electrophysiology of single mam- 
malian mechano-receptors The problem of coding m 
primary receptor neurones 18 then discussed 

The four botanical contributions are restricted to photo- 
synthesis, non-photosynthetie effects of hght on higher 
plants and on fungi, and ‘gravi-perception’ 

This symposium is a valuable summary of progress 
made in the past decade The contributions are well 
Ulustrated and well documented, and achieve a umformly 
high standard Unfortunately, since the zoological 
material 1s confined to vertebrates and arthropods, 1b 18 
left to the :magmation of the reader to establish a con- 
nexion between the botanical articles and the rest of the 
book Some animal physiologists may feel that the word 
‘perception’ 1s abused by the botanists, and that photo- 
synthesis ıs scarcely a 1eceptor mechanism 

D H SPrROVEL 


Infectious Diseases of the Honey-Bee 
By Dr Leshe Baley Pp 176 (London Land Books 
Tamited, 1963) 25s 


HIS 1s the first book mn English to be devoted entirely 
to diseases of the honey-bee, and 16 18 both very com- 

prehensive and interesting The first part deals with the 
biology of pathogens found ın honey-bee colonies followed 
by the pathology, epidemiology and world distribution 
of the diseases thoy cause, m the second part, techniques 
of diagnosis and control are covered in detail There 1s 
also a chapter on non-infectious diseases and diseases of 
unknown origin 

The author’s style 1s for the most part clear and concise, 
and the photographs and diagrams illustrate the text very 
satisfactorily The seven graphs and histograms (all 
recording experiments by the author) are, however, not 
all presented m a form which can be immediately under- 
stood, and this 1s unfortunate in a book which 1s mtended 
not only for scientists but also for beekeepers with some 
biological knowledge Certain other minor criticisms can 
be made of this otherwise very successful book For 
example, there are two contradictory statements about 
the harmfulness to bees of Frow’s mixture for acarme 
disease (p 117), and the control of Braula coeca receives 
only one short sentence despite its relatively widespread 
occurrence On a few occasions, general statements are 
made about normal colony development without support- 
ing evidence being provided, but these omissions are out- 
weighed by the 390 references to original work on diseases 
quoted unobtrusively m the text and listed at the end 

Dr Bailey has undoubtedly taken the mght course m 
using hie speciahst knowledge to produce a book primarily 
for biologists, and ıb is to his credit that ıt will also be 
welcomed by beekeepers with an active terest m science 

M DELA ALLEN 
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The Compound Eye of Lepidoptera 

Approach from Organic Evolution By Prof. N. Yagi 
and Prof N Koyama Pp 319. (Tokyo, Japan Maruzen 
and Co, Ltd, 1963) np. 


HIS ıs a very complete and fully Wustrated account 
of the morphology of the compound eyes of the 
Lepidoptera, considered especially from the pomt of 
view of the evolution of the group 
All features of the eye, both external and internal, are 
described ın considerable detail and are illustrated by 
many diagrams and photographs The structures are 
then described in each of thirty-seven families representing 
most types of the order but rather heavily weighted on the 
side of butterflies and the larger moths For each group 
a phylogenetic diagram 1s constructed which shows relation- 
ships so far as these can be deduced from eye-structure 
alone It ıs perhaps misleading to refer to phylogenetic 
relationship when such a narrow range of structure 1s 
considered, but ıt ıs easy to extract the facts from the 
speculation The present account 1s much the fullest 
one available of the structure of the eyes of Lepidoptera. 
Final sections deal with rhythmic migrations of retmular 
pigment and with the theory of umage-formation m the 
compound eye The authors reach the same conclusion 
as Burtt and Catton did ın 1962, that a number of separate 
images in numerous ommatidia are mtegrated and that 
image-formation does not depend on a pattern formed of 
hghter and darker dots, each dot corresponding to an 
ommatidium The volume constitutes an important 
contribution to our knowledge of the compound eye and 
of the morphology of the Lepidoptera 
O W RICHARDS 


California Desert Wildflowers 

By Philp A Munz Pp 122 (96 plates) (Berkeley and 
Los Angeles - University of California Press, London : 
Cambridge University Press, 1962) 295 dollars, 248 


California Mountain Wildflowers 

By Phlp A Munz Pp 122 (96 plates) (Berkeley and 
Los Angeles University of California Press, London 
Cambridge University Press, 1963 ) -2 95 dollars, 24s 


Early Uses of California Plants 

By Edward K Balls (Cahforma Natural History Guides 
10) Pp 103+8 plates (Berkeley and Los Angeles 
University of California Press, London Cambridge 
University Press, 1962 ) 1 75 dollars, 14s 


ALIFORNIA Desert Wildflowers and Califorma 
Mountain Wildflowers complete the author’s attrac- 
tively produced, non-technical, three-volume series which 
can be “placed in the glove box of the car or easily carried 
on @ hiko” The two slim volumes are identical ın format 
and melude an introductory section concerning the 
habitat and identification The majority of the species 
then dealt with are Ilustrated by clear lne drawings and 
divided into groups according to flower colour Here, and 
in the comprehensive colour section also, the pages are 
divided into two columns, illustrations in the outer, and 
text, giving the common and botanical names, diagnostic 
foatures, habitat and distribution of each species, in the 
inner ‘The selection of species has been well planned to 
avoid overlap between the volumes, to figure the mterest- 
ing though not necessarily showy or common, and, in the 
caso of complex groups of species, to illustrate one as an 
example and mention others closely simular Indexes are 
provided Together with ther companion volume 
Califorma Spring Wildflowers these guides are admn able 
for their purpose and should be of especial interest to the 
intending visitor to California who has a love of wid- 
flowers 
Early Uses of Califorma Plants 1s the tenth in a series of 
pocket-sized guides “‘for the student, traveler or sportsman 
who wants to know more about outdoor Californie” 
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About a hundred species are dealt with according to their 
chief use and grouped as ‘food plants’, ‘drink plants’, ete 

Many are illustrated by line drawings (without scale) and 
by eight pages of coloured and half-tone photographs of 
varying qualty The booklet ends with an article on 
present-day uses, a bibliography, and an ndex of vernacu- 
lər names A handy little volume for the tourist with an 
interest ın ethnobotany D R Hont 


Selected Botanıcal Papers 

Edited by Prof Irving Wilham Knobloch Pp xiv+311 
(Englewood Cliffs, N J., and London Prentice-Hall Inc , 
1963) 32s 


Poo mostly of a rather general and philosophical 
kind, selected to illustrate the purpose and methods 
of a number of different branches of botanical science, 
make up this botamical digest for first-year university 
students Emphasis ıs American and modern, but not 
exclusively so; Humboldt, Nehemiah Grew, Fabricius and 
Aristotle accompanymg Merrill, Blakeslee, Erdtman and 
Went. As they appear in their ‘digested’ state, the papers 
ale incomplete and I wish that more had been given of 
some of them instead of the writatimgly naive little cate- 
chisms at the end of each 

The 1dea behind this book—that the first-year university 
course 18 too often no more than a background for subse- 
quent more advanced courses, irrespective of whether the 
students will proceed to the latter, and that the first course 
should, therefore, be more broadly and more philosophi- 
cally based—is a good one ‘The editor’s confidence m the 
assertion n his preface, that large proportions of first-year 
students (82 per cent ıs quoted for botanists) ın certain 
universities in the United States “never go further” m 
their subjects, seems questionable if it 1s based purely on 
academic records It 1s possible to keep a worth-while 
interest in @ subject without proceeding to advanced 
university courses in ıt J P M Brenan 


Symposium on the Impact of Man on Humid Tropics 
Vegetation 
Goroka, Territory of Papua and New Guinea, September 
1960 Sponsored by the Administration of the Territory 
of Papua and New Gumea end the Unesco Science 
Co-operation Office for South East Asia Pp 402 
(Canberra A J Arthur, Commonwealth Government 
Punter, 1963 ) 


HIS publication of the proceedings of the Goroka 
symposium (see Nature, 189, 24, 1961) should interest 
biologists, educationists and administrators throughout the 
tropics It deals with the effect of untutored man on his 
environment About forty papers are grouped under the 
seven headings of the physical and human background 
of the Far Eastern humid tropics, wild food, the effects of 
fire, of grazing, and of shifting cultivation, the secondary 
vegetation thus produced, and the consequences of these 
activities on land-management, human plight, and scenery 
Many of the papers are illustrated with maps and 
half-tone plates, and each chapter ends with the verbatim 
discussion which took place at Goroka The scope 1s vast, 
the issues are various, and nowhere 1s there a clear picture 
of causation, because the few mvestigators m this enor- 
mous region from Thailand to New Caledonia are still 
oblged to study by observation and mference 
The sponsors are to be congratulated for this permanent 
record of pioneer conclusions, which J S Womersley has 
ably edited I hope thet the publication, which ıs the 
third on the humid tropies from the Unesco Science 
Co-operation Office m Indonesia, will mfluence Unesco 
not to overlook the clear-cut issue of the humid tropics 
in the re-arrangement of its overseas programme The 
humid tropi¢es stand for a biological richness which man, 
as yet, can only deplete E J H Corner 
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Pathogenic Organisms in Relation to Pasteurized Cured 
Meats 

By J I Anderton (Scientific and Technical Surveys, 

No 40) Pp 158 (Leatherhead The British Food 

Manufacturmg Industries Research Association, 1963 ) 40s 


AM 1s a product which has been produced for contur- 
1es past Relatively large-scale production, differ- 
ent methods of marketing and retailing and the apparent 
demand by (or gradual conditioning of?) the ‘average 
consumer’ for less heavily cured products have all played 
their part m bringmg about various changes over tho 
years In turn, the use of weaker brines, lower processing 
temperatures and the retailer’s keenness to display the 
sliced product (with no guarantee that refrigerated storage 
conditions will be maimtaimed until time of consumption) 
have been matters of concern to merobiologists m partieu- 
lar in recent years In Pathogenic Organisms in Relation 
to Pasteurizzed Cured Meats, Anderton has critically 
reviewed the published hterature relating to this potential 
hazard 
The first maim section 1s entitled “Possible Sources of 
Contamination” and each of the maim types of spoilage 
organism 18 discussed Anderton then proceeds to survey 
each of the main processes involved, such as the effects 
produced during curmg, smoking, boning, trimming, heat 
processing and storage Other sections relate to the 
detection of food-poisoning organisms, bacteriological 
standards for canned hams and the effect of antibiotics 
Most microbiologists will be aware that contamination 18 
hable to occur at virtually any stage m the manufacturing 
process This booklet will nevertheless be of considerable 
interest to them and should assist those of ther number 
employed in industry, who may find ıt necessary to advise 
or warn processing staff who wish to make further changes 
in the manufacturmg procedure In fact this survey 
amounts to a warnmg for the future rather than a post- 
mortem after the damage has been done Further, the 
attention directed to the gaps in the hterature should be 
most useful to research workers m this field 
Two pounds may seem to some a high price for a booklet 
with a thin cover When one considers, however, that 
the lst of references at the end covers some seven pages 
it will be readily realized that 1ts production represents a 
comprehensive survey of the hterature of a ‘delicate’ 
subject D PEARSON 


Brompton Hospital Reports 

Vol 31,1962 (A Collection of Papers by Members of the 
Staffs of the Hospitals for Diseases of the Chest (Brompton 
Hospital and London Chest Hospital) and of the Institute 
of Diseases of the Chest) Pp xu+292 (London Lloyd- 
Luke (Medical Books), Ltd , 1963) 158 net 


OLUME 31 of the Brompton Hospital Reports 18 again. 

noteworthy for the collection of articles dealmg with 
various aspects of the diagnosis and treatment of diseases 
of the chest as well as a number of studies concerned with 
the embryology, histology and anatomy of the respiratory 
tract The volume also contains an article by Dr H R 
Barrett which was delivered as an address to the American 
Association for Thoracic Surgery at St Lows, Missourn, in 
April 1962 It ıs concerned with the publication of 
scientific journals and shows that responsibility for the 
production of responsible publications rests as much with 
the readers as with the editors and publishers Much wise 
advice ıs given to would-be authors, while all editors will 
respect the propriety of the rejection slip sent to a young 
graduate by a Chinese mandarm It read “Wo have 
read your manuscript with boundless dehght If we were 
to pubbsh your paper ıt would be mmpossible for us to 
publish any work of lower standard and, as 1t 1s unthink- 
able that, withm the next thousand years, we shall see 1ts 
equal, we are, to our great regret, compelled to return your 
divine composition, and to beg you a thousand times to 
overlook our short sight and timidity” T H HAWKINS 
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The Solar Corona 

Proceedings of International Astronomical Union Sym- 
posium No 16, held at Clouderoft, New Mexico, USA, 
28-30 August, 1961 Edited by John W Evans Pp 
x1+344 (New York Academic Press, Inc , London 
Academic Press, Ine (London), Ltd , 1963) 100s 


6 Ree thirty papers presented at the Cloudcroft sym- 
posum, and contamed im this volume, provide a 
comprehensive review of the considerable amount of 
research on the solar corona which 1s at present bemg 
undertaken Contributions have been grouped in three 
sections-—“‘Local Physics of the Corona’, “Coronal 
Phenomena”, and “Larger Aspects of the Corona -each 
of which is introduced by one or two review aiticles 

The first section, with the mtroductory paper by C W 
Allen, discusses such topics as the discrepancy in the 
coronal temperatures obtamed by different methods, the 
ionization and excitation equilibria and coronal hne 
emission, and possible heating mechanisms Mention 
should be made of a paper on “Solar X-Ray Emission” 
by H Friedman which gives a survey of some impressive 
results in this wave-length region, obtamed from rocket 
and satellite work The second section has two 1eviews, 
the fast and the slow phenomena being discussed by 
J P Wild and by M Waldmeier respectively The flare- 
associated phenomena and the relationship of tho corona 
to prominences recerve much attention There are also 
two or three mteresting papers on obseivational tech- 
niques which might have been better grouped under a 
separate headmg 

The section on the ‘“‘Larger Aspects of the Corona’ 
deals with questions of general structure, and with the 
origin and nature of corpuscular streams This is probably 
the aspect of the subject which is most speculative at 
present, but which is most hkely to benefit in the next 
few years from rocket observations in imterplanetary 
space The review for this section was written by § 
Chapman, while E R Mustel made a substantial con- 
tribution on the corpuscular streams and their relationship 
to regions of solar activity The volume also contaz:as 
short reports of nme mformal discussions, which are 
useful ın pin-pomtmg those problems most ın need of 
attention A further section contams five communicated 
papers which could not be presented at the symposium 
for want of time 

During recent years, the study of the solar corona 
appears to have entered a new phase, with new observa- 
tional techniques providing a wealth of information from 
the X-ray region to the radio wave-lengths These 
Proceedings provide ample evidence of the rapid increase 
which 1s occurring in our understanding of the corona 
as & consequence D J FAULKNER 


An Economic Geography of Oil 
By Dr Peter R Odell (Bell’s Advanced Economic 
Geographies) Pp xu+219 (London Q Bell and 
Sons, Ltd , 1963 ) 22s 6d net 


VAILABLE literature of the petroleum mdustry 
contains more than average references to essential 
economics They are chiefly statistical, as they would 
necessarily be, and as such find a relatively Inmmuted appeal 
m the broader sense of the technology The trouble with 
these books and essays ıs that they tend to date in a 
matter of a few years after publication because, in the onl 
world particularly, economic circumstances change so 
rapidly that the mathematics of supply, demand, refining, 
transport and distribution throughout the world can never 
be reduced to static formule This book, however, 1s ma 
rather different category ın that the stress is on basic 
geographical analysis of the activities of the world oil 
industry, not so much on purely present-day statistical 
data and hypothetical trends m the future Coming from 
the pen of a lecturer ın geography at the London School of 
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Economics and Political Science, 1b would be anticipated 
that the discipline of geographical science apphed to the 
primary commercial factors ın the mdustry would break 
new and profitable ground Although the book 1s desig- 
nated as an mtroductory investigation, partly owmg to 
hmitetions on space, also because of what the author 
modestly describes as“ my own mabilty to grasp and 
to bring out all the relevant factors which contribute to 
the geographical distribution of the production, refining 
and consumption of oil’, there 1s little doubt that a more 
ambitious treatise on the subject would, at this juncture, 
probably have defeated 1ts object 

The book is divided mto four parts—(1) the pattern of 
world o1l supply, (2) the pattern of world oil demand, 
(3) 1efining, transport and. distribution, (4) conclusion-— 
concerned with the oil industry and economic develop- 
ment Part 1 embraces consideration of the mdustry’s 
resources, the world pattern of production and the determ- 
ining factors thereof Part 2 discusses the pattern of oil 
consumption and the factors influencmg this demand 
Part 3 describes the pattern of refinng and the determ- 
inants of refinery location, also transport and distribution 
Part 4 1s in itself quite a masterly exposition of the rela- 
tionship of the industry to the countries within which ibs 
activities are at present located Here the author quotes 
R C EstallandR O Buchanan ‘O11 does not in general 
attract major mdustries to 1ts source of origin major 
industnial concentrations are not a normal feature of 
oilfields as they have been of coalfields’” The author 
accepts this point as valid both m the past and to-day, and 
he advances good reasons why this should be so 

The book is well written, and not overwhelmed with 
masses of statistics although well supported with outlme 
maps, tables and diagrams As an attempt to bring an 
extremely complex and ramufied subject mto assimilable 
proportions, it deserves praise H B MINER 


Spirit and Man 

An Essay on Bemg and Value By Prof. Nathan Roten- 
strech. Pp 257 (The Hague Martmus Nijhoff, 1963 ) 
20 75 guilders 


Qt RIT and Man 1s essentially a study ın ethics The 
outicok 1s contemporary, but with a well-balanced 
historica. background Novelty is scarcely to be expected, 
but the author makes several interesting observations 
Examples are the hmutations of calculating machines, the 
risk of obbterating creativeness and responsibility if 
systems of Government are too ‘paternal’, and the dilemma 
of true freedom m terms of detachment from man’s 
immediate environment. Evidently, some of these 
questions are of importance to scientists, especially prob- 
lems relating to team-work in research, and the deheste 


` balance between pohecies dictated from outside, and the 


desire of the individual (sometimes) to follow his own 
inclinations 

The book ıs divided into three main parts (1) dimen- 
sions, (2) features and (8) significance In addition, 
there 1s an adequate mdex 

Naturally, the reader will expect a decidedly axiological 
slant, and in this he will not be disappomted In fact, 
the writer sums up by declarmg his purpose to be to 
establish man’s worthmess as anchored in the fact that 
he ıs @ subject, and that the value of his bemg so 1s not 
arbitrary, erther anthropocentrically or otherwise 

The text, however, 1s marred by an excessive number of 
printer’s errors (smgulars for plurals, misplaced punctua- 
tion, careless spelling, and so forth) The proof-reading 
must have been much below the standard usually achieved 
by the publishers In addition, the writer has the tiresome 
habit of using the phrase “‘to be sure” far too often, some- 
times even twice on the same page Nevertheless, 16 1s a 
useful book m itself, and worth careful study 

F I Q RAWLINS 
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pH finally produced an acidic concentrate U (~ 0-5 mg) 
showing intense PGF-type activity corresponding to an 
equivalent content of 2 mg of PGF iq. A similar process 
applied to concentrate # Jed to concentrate V (~ 0-5 mg) 
swith pronounced PGE-type activity, corresponding to an 
equivalent content of 0-2 mg of PGE,. 
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T hes next step involved the precise identification of the 

actual active principles in concentrates U and Y So. far 
the tentative correlation with the two prostaglandin types 
had rested on the close parallel between the chromato- 
graphic behaviour and the type of biological activity. 
A routine chemical identification by preparation | of 
derivatives was obviously pmpossible in view of the minute 
amounts of the concentrates U and V avail- 
able, Accordingly, thin-layer chromato- 
graphy comparisons were made between the 
concentrates U and VY and authentic samples . 
of PGE, PGF a and PGF, kindly supplied | 
by Prot. Bergstrom. 

Concentrate U showed. a single” major 
spot by thin-layer. chromatography which 
was readily detectable by the characteristic 
red-brown flucrescence in ultra-violet light 
which developed after its exposure to acid 
ceric sulphate, followed by moderate heat: 
this spot contained the- physiologically 
active substance. Both PGE ja and PGF,» 
gave this colenr reaction and the former 
gave a thin-layer chromatography spot 
close to that given by this menstrual. 
stimulant of concentrate U (Fig. 5a). 

Treatment of concentrate U with diazo- 
methane gave a relatively inactive product 
which most significantly showed the charac- 
teristic spot (thin-layer chromatography) at a- 
slightly greater Hy value than that of authen- 
tic PGF, methyl ester (Fig. 5b). Loca- 
tion of this spot by an iodine spray?! 
facilitated extraction of the active substance without 
damage. This product was then. exhaustively methyl- l 
ated with diazomethane~-boron trifluoride and examined — 
by thin-layer chromatography. The major discrete spot. 
behaved chromatographically: im a. manner exactly . 
analogous to that shown by PGF, trimethyl ether. methyl 
ester using the hexane-ether system. — i 

At this stage, both the sample and comparison spots of 
the completely methylated products were extracted, 
aftor location by the iodine technique, and the minute 
amounts of product {~ 50 ug) examined separately by gas 
liquid chromatography. As may be seen (Fig. 6), the pro- 
duct derived from concentrate U and that derived from 
PGF a behaved very similarly, although not identically. 
By comparison of the relative retention volumes with 
those for standard fatty acids on this non-polar column the 
observed difference strongly suggested that the menstrual 
stimulant present in concentrate U was in fact PGF yc 
which contains one more double bond than PGYF',, in the 
carboxylated side-chain. 
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prostaglandins and allied compounds, 


_. desaturated atmosphere, 
<Ci prewashed, Note tailing of phloionolic acid (ii *): 
On prmosphere development. 
-> Shances: 
nolie acid); (iD PGP,,; (iv) PGF Bs (v) PGE,: (y H concentrate C: 


borohydride reduction product from concentrate V 


This was substantiated by the thin-layer chromato- 
graphy behaviour of the trimethyl ether methyl ester 


= derivatives of PGF ,, and of the menstrual stimulant using 


silver nitrate complex formation on the plates”. The 
relative change in Rr value on formation of the complex 
indicated that tho menstrual stimulant contained an 
additional double bond as compared with PGF,, and that 
this. double bond was probably of the cis configuration. 

Final confirmation of this identity with PGF,, was 
obtained by mass spectrometric comparison of the tri- 
methyl ether methyl ester derivatives of PGF ,, and of the 
menstrual stimulant. 

-As only small quantities of each compound were avail- 


oe abie. (~:10 ug), a special technique was utilized by 


- which the compounds wero introduced directly into the ion 
-souree. The spectra were obtained by an A.E.[. 47.8.9 
3 double-focusing mass spectrometer and were run and 
analysed by Dr. M. Barber and Dr. M. Elliott of A.E.TI., 
S tid. Manchester, and Dr. R. I. Reed of this Department, 


Ei 2 who report as follows. 


- “The spectrum of PGF ,, trimethyl ether methyl ester 


oe “has already been reported’® and our spectrum agreed 

-~ elosely (Fig. 7B). 

ss. as was the parent molecular ion M/e = 
Oe previously reported. 


One interesting difference observed by 
412 which was not 


“The spectrum of the concentrate U derivative was very 
similar (Fig. 74). Up to M/e = 179 the two spectra are 
the same whereas above M/e. = 249 the corresponding ions 
have a mass two units smaller in the menstrual dorivative. 
The two compounds are therefore of similar structure, but 
the concentrate U derivative contains one more double 
bend. The cracking pattern is entirely consistent with 
the assignment of the structure PGF,, trimethyl ether 
methyl ester to this concentrate U derivative.” 

Concentrate V was similarly examined by thin layer 
chromatography (Fig. 5a) and showed, after destructive 
spraying and heating, a pale-blue spot under ultra-violet 
light (a characteristic of the PGE family) at a position 
closely similar to that simultaneously obtained for an 
authentic sample of PGE,; the activity of this spot was 
also shown to be of the PGE type. 

Sodium borohydride reduction of an aliquot of V 
(equivalent to 6 ug PGE,) and examination of the prod- 
ucts by thin-layer chromatography revealed that the 
pale blue spot moving in the PGE region had been con- 
verted into two spots closely pee eas in Rp value and 
colour to PGF,, and PGF is This. chromatographic 
change was paralleled by ths corresponding change in 


Giseh thin layer chromatograms on 0-2 mm layers of ‘Kieselgel G’ of 
ae a, Chloroform /methanol/water, 60:10: 
-Layers made ap with 0-2 N oxalic acid pre-washed with developing solvent and developed 
b, As in (a) except that lay mi were made up normally and not 
Hexanejether, 1:1; 
d, AnalaR chloroform in nak aad atmosphere. 
{i} 15-hydroxypentadecanoie acid; (ii) $,10.15-trihydroxyoctadecanoic (phicio- 
(vii) concentrate V; 
(vill) least polar borohydride reduction product from concentrate V; (ix) most polar 
D, Dye marker mixture of (1) azo- 
benzene, (2) sudan red, (3) p- -hydroxyazobenzene, (4) p-aminoazobenzene 
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ducts purified using Bergstr6 jms- second. 
system. After conversion to the trimeth: 
ether methyl ester derivatives tho tw 
isomers were resélved by thin-layer chroma 
tography on ‘Kieselgel @ plates by me: 
of chloroform (Fig. 5). In this. syste 
the PGF, derivative migrates fast 
the corresponding PGF, compouw 
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F was confirmed as PGE,. 


The known occurrence of prostaglandins in human ee 
semen’ made it highly desirable to exclude the possibility > 
that this might be the source of the prostaglandins in č 
Accordingly, a number of 
specimens were examined which were known to be free < 
from this possible adulteration, and which had been = __ 
collected in menstrual cups in order to avoid any eons = < — 


our menstrual fluid samples. . 


tamination from the usual absorbent materials. They 
showed physiological, 


collection. 


The identification procedures deseribed in this article a : ce 
were carried out on amounts of material ranging from ee 
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Fig. 6. Gas-liquid chromatograms of the trimethyl ether methy! nite 
derived from ta) PGFeq isolated from menstrual fluid (——-} an 
(6) PGB a (H e a m }. Column; 6 ft.x in. of 10 percent: ‘Apiezon 
on siliconized | “Emibat 80-100: mesh: column temperatur 
preheater 240° Gxi Te 15 Th Ane: > Bas. flow 30 mi 
per min: detector voltag 50; attenuation x 1; Joad: 
cent solution in chloro form ~ Retention time: for hexacoss 
and eicosane dran ae 




























an Rp value in accordance with that _ : : : 
predicted for PGF, Thus the identity 
of the menstrual stimulant in concentrate oe 


chromatographic and chemical : 
behaviour identical with those exhibited by the main oe 
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a to 50 yg and demonstrate convincingly the power of 
modern separation and spectroscopic techniques when 
allied to physiological potency of such a high order. 
The isolation of these two prostaglandins from human 
_. menstrual fluid adds this source to the several already 
 deseribed® for this class of compound. From our present 

-results we. cannot estimate their concentration in the 
oe secretory endometrium ; but the yield of PGF a from 
_ menstrual fluid is comparable with that obtained by 
-Bergström et al. from pig lung. The quantity of PGE, 
_ is, however, much less than that of the PGE substances in 
human semen’. The ‘menstrual stimulant’ prostaglandins 
in the female may be thought of as homologous to the 

aaia prostaglandins in the male; however, the wide 
‘distribution of smaller amounts of these highly potent 
substances suggests that they may have some general 
‘type of action. For example, Vogt™ has suggested that 
the smooth-muscle contracting long-chain hydroxy-acids 
may interact with calcium ions, and Clegg, Hopkinson 
and Pickles'* have independently suggested a somewhat 
imilar interaction with magnesium ions. 

























SEARCH in enzymology has been more extensive 
in experimental cancer than in human cancer, quan- 
itative investigations not always being valid in post- 
‘mortem cases and biopsies not always being possible. 

~ The discovery of multiple molecular forms of the 
‘enzymes named by Markert and Moller “isozymes”! 
-onabled us to re-orient this research on a new basis. In 
- animal, Angeletti and Moore** have shown three 
eaks for glucose-6-phosphate dehydrogenase of mouse 
abdomyosarcoma, by chromatography on substituted 
celluloses, instead of one peak in the normal muscle; 
ihe have. obtained analogous results on the acid phos- 
phatase © al rat yk fete in which the chromato- 
. i -from that of normal liver. 






erso mA fow | T after dea | 
hi : mes- of lactic 


NATURE 


Le a i 
ast ier I AIIAN E IMRT a a Dallas tlh 
s henna 





Jikenbo 





995 








300 300 400 


m/e 


Mass spectra of the trimethyl ether methyl esters of A, PGF ,, from concentrate U; B, PGF i, 
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ANOMALY OF ALDOLASE IN PRIMARY LIVER CANCER 
By FANNY SCHAPIRA, JEAN-CLAUDE DREYFUS and GEORGES SCHAPIRA 


Laboratoire de Recherches de Biochimie Médicale, Hôpital des Enfants-Malades, Paris 


very varied in normal tissue, tended to become uniform 
and to predominate in one peak in cancer tissue. E 

The mode of action on the two substrates, fructose-1, 6. 
diphosphate and fructose-1-phosphate, of aldolase from 
different tissues, and more particularly of hepatic aldolase, 
has given us a new approach for the enzymological 
examination of hepatomas. 

One of us, with Payet’, had, in 1960, pointed out that 
hyperaldolasemia in the course of a primary liver cancer 
was not of the hepatic type, in the sense that the ratio 
of the two aldolase activities, fructose- 1, .6-diphoasho- 
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aldolase and fructose-1 -phosphoaldolaso ~ 















in the range of 3, instead of 1 or. nearly ] a 
hepatic type; this ratio of 1. being. that. for 
normal. liver. 


We had at. that time sug 
lowing interpretation: hyperalac teanna 





= Biopsy 
Prematures * 
Fretal age (months) 


tre 
TODD mgp 
rS bp ee Ge rS toto 
S58 hie ST et OS S 


Soe OR a 


7 * Some of these prematures had lived several days. 


Table 2, ALDOLASE ACTIVITIES OF Rat LIVER 


F-1,6-P ¥-1-P Ratio 

. Adult normal l 41-7 ii: 
- Feetal (eighteenth day) 375 15 2°5 
Intoxicated by CCl, 566 56 





Table 3. ALDOLASE ACTIVITIES OF PATHOLOGICAL HUMAN LIVER 
F-1,6-P F-1-P Ratio 


Fructose intolerance (biopsies | BAS 0-516 
of infants) 


jou 


PLoS peas 


1-2, 
Benign fructosuria (biopsy of adult) 11:8 
‘Cardiac’ liver 1-66 
Acute hepatitis 3-28 


Cirrhosis 
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M: 1-63 


ALDOLASE ACTIVITIES OF CANCEROUS LIVER 
¥-1,6-P F-1-P 


+ 0-21 
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(2) Bat hepatomas * 

1 0-007 24 
15 6-003 50 
0-14 0-035 40) 


.* In terms of units per rag of protein of the tumour extract. 


0-17 


tumour itself and it possesses, therefore, a type of aldolase 
- which is different from that found in normal liver. In a 
preliminary investigation, we have found the ratio of 
these aldolase activities to be higher in the cancerous 
gion than in the non-cancerous cirrhotic region. 
Continuing this work on a new case of human hepa- 
~~ toma, we found a ratio of aldolase activities of 4-1 (ref. 6). 
We have compared this result with the work on fæœtal 
liver of Hers and Eggermont? which we have confirmed. 
The present work extends these results to eight cases of 
human hepatomas and to three experimental hepatomas 
and seeks to, explain their significance. 
The experimental tumour is that isolated by Zajdolas: 
an ascites hepatoma, transplanted to adult Wistar rats; 
<- the cells are collected seven days after transplant, washed, 















generally removed a few hours after death; some come 
iopsy. Animal or human liver is homogenized in 
[0-20 volumes of water. B l 
_ The assay for aldolase activity is carried out according 
to the technique of Sibley and Lehninger? which we have 
adapted (as a micro-method) to the assay for fructose-1- 
phosphoaldolase. activity’. These results are expressed 
in pmole of substrate metabolized per min per g of wet 
tissue. E pO” a See 

Table I summarizes aldolase ac 
human adult liver and the prema 
summarizes that of rat liver; Table 3 






ities. of the normal 
ature liver; Table 2 


- states; Ti 


embryonic) type in the course of hepatoma: one may 


iomogenized. The samples of human liver are 






The following facts emerge: 00 e egoon i 
(1) The ratio of aldolase activities is 1, or near 1, in ~ 
normal adult human or rat liver. Ne, ee 

(2) This ratio does not vary post portem. It remains. 
equal to, or very near, 1 during benign fructosuria and _ 
















during the course of viral or toxic hepatitis. on 

(3) In foetal liver (human or animal) the ratio of aldo 
lase activities rises to 2 or 3. It rises also, although mor 
slightly, in cirrhosis (M, 1-63 + 0-21); and much mo 
as shown by Hers™!, in fructose intolerance: we found | 
to be between 4-6 and 6:7 in four cases. Oe, Gia 

(4) In human hepatoma, Table 4 shows an anomaly ¢ 
aldolase, comparable with fructose intolerance because the 
ratio of the activities is 5-48 + 1-17 (with the extreme 
values of 2-2 and 13-0). In the experimental hepatoma 
of Zajdela, this ratio is between 20 and 50. a 


The elevation of the ratio of aldolase activities. 


F-1,6-Po0 
is constant in hepatoma. However, one finds too ‘an 
increase of this ratio in cirrhosis, in fructose intolerance 
and in foetal liver. 
The concomitant fibrosis does not explain the rise of 
this ratio in the course of hepatoma; not only is cirrhosis ` 
inconstant, and often moderate in hepatomas, but also 
in pure cirrhotic liver the ratio rises to an average of 
1-6; it is significantly different from the ratio of aldolase 
activities in hepatoma (P < 0-02). , 
What is the significance of this modification of aldolase 
activities ? i 
(1) According to Kaletta-Gmunder, Wolf and Leut- 
hard! there exist, in liver, two aldolases, F-1,6-P aldolase 
and F-1-P aldolase. According to this hypothesis, one 
would simply find a more rapid disappearance of the — 
second enzyme in cancer. However, one may put forward 
several arguments against the hypothesis of two enzymes. 
differentiated by their action on two substrates distinct =- 
and present in the normal adult liver: a constant ratio of | 
the two activities in several animal species!* and also a _ 
constant ratio during purification and after crystalliza- 
tion’; the impossibility, at least at present, of really 
separating these two activities, either by chromato- ~ 
graphy™ or electrophoresis". | Ee 
(2) The comparison with foetal liver or liver of fruc = 
tose intolerance brings to mind the ideas of Greenstein", 
for whom the tissular dedifferentiation of- & cancer. 




























Aldolase would become of the foetal (or perhaps even. 


notice that in the experimental hepatoma of Zajdela the 
F-1-P aldolase activity has almost disappeared, and the 
ratio rises a great deal, meaning, perhaps, a greater 
dedifforentiation. $ Aoi 

Our observations may be compared with those of 
Starkweather and Schocht, who noticed a tendenc 
towards uniformity of the isozymes of the lactic dehydro 





genase in cancer of diverse origins, ~ — 
(3) Hepatic aldolase and muscular aldolase are. 
tainly different; the immunological investigation: 
Blostein'® have confirmed this. We. cant a 
whether during cancer there appears a new 
specificity, making a molecular disease 
hepatoma Sco d 
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te that in the normal adult this aldolase 
nh trace amounts because its synthesis is 


sed by the gene which has become predominant over 
aldolase (in the same way the synthesis of foetal 
globin is repressed by the gene of the B-chain of 
ult hemoglobin). 

In cancer the biosynthesis of adult aldolase would be 
ed and also that of the other enzymes very dif- 
ated. The embryonic form of the enzyme would 
© be repressed and could be synthesized in abundant 
































of the biosynthesis of fetal hemoglobin in 
issemia. It could be generalized in cancer: all 


cialized enzymes of a tissue would disappear, 








ferentiated, of the same enzymes. 

urther: investigations are obviously necessary to 
preciate the significance of these facts. In any event, 
ey give arguments for generalizing the concept of the 
oss of specificity of the enzymatic (or more generally 
wroteie) constituents of tissue in cancer, this loss of 
_ specificity being a true molecular lesion. _ 
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ig the repression on the embryonic forms, less” 
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RECENT STONE INDUSTRY 


By PRATAP CHANDRA DUTTA 
Anthropological Survey of India, Indian Museum, Calcutta, 13 


: T HAVE Yecently given detailed accounts of the tech- 
_ A nology and typology of the stone artefacts recovered 


from a kitchen-midden site at the Beehive Island in | 


_ Middle Andaman'?. I have also reported?‘ the results of 
my excavation of the kitchen-midden at the village of 
_Chouldari, near Port Blair, in South Andaman. The 
_ scope for instituting a study on the affinity of the Anda- 
. Manese recent stone industry is a rather restricted one, the 
_ yield of the artefacts being from a single site. The collec- 
tion nevertheless provides no less than an important 
indicator permitting such an attempt. It is now time 
_ that an investigation in this line be taken up in view of 
_ the present ethnographic interest of the Andamans. 
The Andaman Archipelago, comprising some 204 
slands and islets, between 10° and 14° N. and 92° and 94° 
E., is situated in the south-eastern part of the Bay of 
Bengal. The geographical situation of the Andamans in 
he mid-waters is highly significant because of its some- 
b intermediary position between the mainland of 
that of the Far East Islands including the 
ula, both claiming to belong to two main 
cultural zones. It would be really interest- 
probable affinities in the past, if any, of 
io artefacts with either of those two main 
cultures, S 
lready been shown? that the Andamanese stone 
which have been regarded as belonging to the 
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Table 1. TYPOLOGICAL ANALYSIS OF THE ANDAMANESE ARTRFACTS 
Types Per cent. 
Tools 


Cores 
Flakes 


Blades 
Points 
Serapers 
Choppers 
Lunates 2.47 
Trapeze and trapezoids 
Perforators 


possibly a factory site. It is certain that the site was.con- 
tinuously inhabited in the past by the originators of this- 
industry resulting in the formation of the kitchen-midden 
mound of considerable dimensions. | 
On the basis of the evidence put forward in course of an. 
exhaustive investigation of the industry?, one cannot, 


Finished 
By-product 


Analysis of 
finished tools 





represented a flake and blade industry so charact 
of the mesolithic culture; and the circumstances re 
to the assumption that the economy of the people was 
based primarily on hunting and collecting. ‘Other con- 
comitants of this industry were mainly the coiled pottery, i 
fractured and split-up animal bones belonging to Sus 
andamanensis and mollusc shells of Gastropoda snd 
Lamellibranchia, the details of which have already been. 
given! elsewhere. 

From an examination of the artefacts it is apparent that 
no such affinity of the present series could be drawn with 
the types represented in the Indian sub-continent Bais. 
no doubt, to the diversity of material techniques: Tt has 
been claimed by some investigators’-!* that the 
ment of the Indian microlithic industries is broadly sim: 
in some regions, to the types represented. in the Nor 
African Capsian, Oranian and Soebilian, Eas 
Wilton and, in others, to Natufian of Palestine. 

_ The features of the Andamanese recent ston 
though lacking in confirmatory details, indicate 
try shows a considerable resemblance 


escape the conclusion that the Andamanese stone industry j ~ 
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Fig. 1. Nos. 1-5, 10, 13, 20 blades; 6~9, points: 11, 12, 14, 15, 17, 18, 
serapers; 21, trapeze; 186, 28, flakes: 19, 23, cores 
[Photo: S. K. Chattopadhyay} 


with the Toalean and allied flake and blade industries of 
the Far East Islands and South East Asia, claiming, of 
course, nothing as to their coevality in time. 

The flake and blade industry was classically developed 
in south-western Celebes'*, which included artefacts, such 
as flakes, blades, knives, arrow-heads and some true micro- 
liths. This particular industry is more commonly known 
as Toalean after the existing Toal Aborigines of Celebes. 
The flake and blade industry has also been found in the 
Djambi District4, on the east coast of Sumatrals, and on 
the Bandung Plateau in western Java!*7; and van 
Heokern'* also traced a related industry of secondary 
importance, associated with the Sampung Bone culture, in 
western Java. Evans™ reported on the occurrence of 
mesolithic flakes in Borneo, whereas Sarasin®® recorded 

the flake industries of the Lesser Sunda Islands, and later, 
_ Verhoeven® discovered implements belonging to the flake 
and blade industry in West Flores. 

The site at Tanjong Bunga, which is situated at the tip 
of the Malayan Peninsula, yielded so far the only Malayan 
artefacts** which could possibly be recognized as represen- 
tative of the flake and blade culture. The obsidian imple- 
ments from Luzon? and the artefacts, such as scrapers, 
small knives, awls and crude points from Rizal Province? 
of the Philippines, belonging to the mesolithic culture, are 
comparable with the present series. | 

Clark”, like others, also observed “that these industries 
came to be identified with hunting pooples of Negrito 
stock .. .”. The Aborigines**-** of the Andaman Islands 
are a very dark, very short, brachycephalic people having 
_ pepper-corn pattern of hair and infantile characteristics. 


a Nigpold, ` 





worked in tensively on the a 
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is still a 
matter of controversy. Kaudern’s** observations, how- 
ever, based primarily on Molengraaft’s** researches on the 
rise and fall in sea-level during the prehistoric period, 
suggested that the migrations of the pygmies oceurred 
directly from Asia to both the Andamans and the Philip- 
pines in the Quaternary Age during glacial periods. 

It may, therefore, be admitted that the recent stone 
industry of the Andamans, which represented a flake and 
blade industry of the mesolithic stage of culture, was 
broadly similar in character to the Toalean and allied” 
flake and blade industries of the Far East Islands. It 
seems, however, in all probability, when more material 
becomes available, that the Andamanese industry may 
bring to light some genetie relationship with those of the 
Far East Islands including South East Asia. The goog- 
raphy and the environment of the Andaman Islands are 
such that they caused the survival of the mesolithie stage 
of culture and the hunting and collecting economy from 
the early period down to comparatively recent times. 
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LETTERS TO THE EDITOR 


ASTROPHYSICS 


Active Dark Filaments and Type III Bursts 


At the Ondrejov Observatory, sumultaneous observa- 
tions of a spectrohehioscope by L Kmnvsky and radio- 
meters at 231 and 260 Mc/s by A Tlamicha were made, 
showing a clear time comcidence between a type of group of 
bursts, even when the duration 1s short, and active dark 
filaments without flare in more than 15 cases during 1960- 
62 This type of group of bursts referred to as type 
Na (and Nz) (ref 1) 1s a group of short duration bursts 
without remarkable enhancement of base-level 

In order to identify the spectral type of these bursts, 
the same type of groups of bursts recorded at the Tokyo 
Astronomical Observatory with a polarimeter at 200 Me/s 
has been compared with the spectral data (15-210 Mc/s) 
obtained at the Dapto Station, Sydney The foregomg 
type of bursts seems to be the group of type III bursts 
Almost all the identifications were made by using a hst of 
the spectral observations Spectral Classification of Sola 
Actunty, Dapto, Sydney, but some of them were already 
identified with type IIT bursts by a direct comparison with 
the spectral records by the courtesy of the Sydney group, 
and also these bursts are almost unpolarized as the type 
II bursts at 200 Me/s usually are 

In order to certify the correlation between the active 
dark filaments and type ITI bursts, active promimences and 
active filaments (without flare) observed in 1960 with a 
specti ohelioscope has been compared, with radio activities 
observed with an interferometer and a polarmeter at 200 
Me/s at the Tokyo Astronomical Observatory Even 
though the number of the optical observations is quite 
small, a good coincidence in position is found in 5 of 6 
cases between the active prominences (and actrve filament) 
without flare and groups of type III bursts at 200 Me/s 
occurring in the periods of the optical activities The 
number of association of the type III bursts with the 
optical activities 1s 8 out of 21 despite the fact that the 
high-frequency cut-off for type III bursts may sometimes 
occur below 200 Me/s and that the radio waves from the 
extreme limb may not be observed (Table 1) 


Table 1 


Active prommences Type IH group at an Me/s 
o 


No of No of Comerdence observation comeidence 

events association im position m position m position 
Prommence 20 7 4 2 1 
Filament 1 1 1 0 0 
21 8 5 2 1 


During the periods of the active prommences and active 
filaments already mentioned, 27 out of 33 cases have 
type ITI groups given ın the list of Spectral Classification of 
Solar Activity, Dapto, Sydney, in some frequency ranges 
between 210 Mc/s and 15 Mo/s, although chance come- 
dences may be included and also the sensitivity of the 
spectrometer is not enough to record weaker type III 
bursts 

These results may support a statistically significant, but 
small, correlation, which has been shown by G Swarup, 
P H Stoneand A Maxwell’, between surges without flares 
and fast-drift bursts observed with spectrometers The 
correlation is probably better if more weaker type HMI 
bursts were able to be recorded © 8 Warwick’ has 
shown a good correlation between large ascending promin- 
ences and radio activities at 200 Mejs J P Wild and 
H Zırmt have reported that, in some cases, limb surges 
were associated with groups of type I bursts These 
groups of bursts shown 1n their paper, however, seem to us 
to be groups of type ITT bursts 


In order to derive a mote definite conclusion, we should 
hke to point out the importance of observations of active 
dark filaments and active promimences with spectro- 
helioscope using line shifter, taking a direct contact with 
radio observations with interferometer, more sensitive 
spectrometer and polarimeter Both the starting and the 
location to be observed by the hehoscope can be determ- 
med by radio observations 

We thank Mr Ka fou help in the determination of radio 
positions i 
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PHYSICS 


Sodium-24 produced by Cosmic Radiation 


Cosmic radiation produces several radioactive nuclides 
by spallation of atmospheric argon Some of them have 
been detected, first phosphorus-32 ın ram-water!, then 
sulphur-35 (ref 2) and afterwards phosphorus-33 (ref 3) 
Sodium-22 was also found! in spite of ıts very low yield 
caused by the large mass difference compared with 
argon-40 Furthermore, Wmsberg® succeeded ın finding 
the short-lived nuclide chlorme-39 (55 min half-lfe) 

The success m detecting sodium-22 and chlorine-39 
suggested that 1t might also be possible to find sodium-24 
(15 h half-life) which had not so far been detected It was 
to be expected that the production rate would be of the 
same order as that of sodium-22 and that the yield ın rain 
would be sufficient-for measurement 

Indeed sodium-24 has been detected in several rains 
for the first time durmg the work recorded here 

A. detector had to be designed with an appreciable 
efficiency and a very low background Nearly 100 per 
cent of sodium-24 decay by B--emussion (E max 1 4MeV) toa 
4 12-MeV level of magnesium-24 The de-excitation from 
this level to the ground-state 1s associated with a y-cascade 
of 275 MeV and 137 MeV ‘The 2'75-MeV ray was 
measured by a 4m x 21m sodium iodide (TI)-crystal 
with a bore-hole of 2in diameter and 05in depth The 
1 37-MeV peak cannot be used because 1t 18 obscured by 
the 1 28-MeV peak and the Compton distribution of the 
1 79-MeV sum peak of sodium-22 always present at the 
same time To reduce the background the 6-radiation 18 
measured ın comeidence by a flow counter which extends 
into the bore-hole of the crystal Except for the bottom 
the detector ıs surrounded by a guard counter ın anti- 
coincidence to eluminate the effects caused by cosmic ray 
mesons ‘The whole detector unit 1s screened by 5 5 in 
lead The counting efficiency of the arrangement 1s 
14-17 per cent (depending on the 8-absorption m the 
sodium chloride layer of the sample), the background 
bemg 022cph or 0003 cpm The crystal itself has a 
counting efficiency of 4 per cent and a background of 72 
eph or12cpm 

Rain-water was collected over an area of 8 6 m? and put 
through an 10on-exchange column of 6 cm diameter and 52 
em length filled with ‘Dower’ cation exchange resin, 


1000 


50 x 8, 50-100 mesh The sodium was eluated selectively 
by 067 N hydrochloric acid A fist fraction of effluent 
amounting to 401 was discarded, the subsequent fraction 
of 291 contamed about 98 per cent of the sodium The 
eluate was evaporated to dryness, dissolved again, and 
aluminium chloride added Aluminnim was precipitated 
with diluted ammonium hydroxide Nat remamed in 
solution whereas other ions, 1f present, were precipitated 
almost entirely with the alummium hydroxide The 
solution. containing the sodium was evaporated to dryness 
Finally, the ammonium salts were removed by heating 
The sample was transferred to the counting device as 
crystallized sodium chloride 

The sodium-24 was identified not only by 1ts y-radiation 
but also by its life-trme The decay was measured for 
three half-lives The results exclude an essential error m 
measurement (exceeding the statistical error) caused by 
possible spurious contributions of thorium B and its 
daughters (2 62-MeV peak) 

Three samples were measured on June 7, 1963, from 
2481 of rain-water an activity of 018 + 002 dpm /l or 
235 + 25 atoms/l , on July 4, 1963, from 203 1 of ram- 
water an activity of 035 + 003 dpm/! or 455 + 40 
atoms/l , on October 7, 1963, fiom 3301 of rain water an 
activity of 019 + 003d pm /i or 245 + 40 atoms/] 

The fact that the concentration does not vary con- 
siderably with season confirms that the stratospheric 
contribution if any is small 

According to Lal and Peters! a tropospheric production 
rate of about 6 x 10° atoms/m? year can be estimated for 
sodium-22 in the geomagnetic latitude of Heidelberg and 
therefore for sodium-24 also When the concentration 
values given here are converted to mean annual rainfall 
at Heidelberg, a deposition of about 2 x 10° atoms;m# 
year ıs obtained for sodium-24 Because of the short half- 
life it was to be expected that only a small fraction of the 
produced activity could be detected at ground-level 

I thank Prof O Haxel and Dr G Schumann for 
fachwes for this work and for advice 


W Rove. 


Zweites Physikahsches Institut der Universitat, 
Heidelberg, Germany 

i Marquez, L , and Costa, N L , Nuovo Cimento, 2, 1038 (1955) 

* Goel, P S , Nature, 178, 1458 (1956) 

? Lal, D , Narsappaya, K , and Zutshi, P K , Nuclear Phys , 3, 69 (1957) 

: Marguez, L Costa, N L , and Almeda, J G , Nuovo Cimento 8, 1292 


“Winsberg, L , Geochim et Cosmochim Acta, 9, 183 (1956) 
‘Lal, D , and Peters, B , Prog Cosmic Ray Phys , 8, 1 (1962) 


Measurement of Surface Tension by 
interferometric Means 


For a sessile drop of liquid of surface tension, density 
and radius of curvature R, at the vertex, the differential 
oquation# 


y'= (2+) [E+ UPP — LU + B= 9eRetfy 


for drop shape (Fig 1) ın terms of the co-ordinates 
measured from the vertex and scaled with respect to Ry 
has recently been solved numerically on a digital com- 
puter by Staicopolus® and the Fortran II programme 1s 
available ‘The method used ıs more accurate than the 
elaborate approximation piocedure of Bashforth and 
Adams? and, although not mentioned by Staicopolus, the 
results are also more accurate than Porter’s? values of 
y/egr as a function of hjr The results allow y and r/R, to 
be related to h and r through a polynomial expression in 
z=(r/h — AC 

A and C bemg constants, 15922 and 0 5922 respec- 
tively 

The accurate expressions plus further use of the com- 
puted data enable y to be determmed for small drops and. 
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bubbles usmg an mterference microscope to obtain r/h 
from r/R, thus avoiding the usual requirement of os 
direct accurate measurement of h with its attendant 
difficulty? 

From a measurement of r and R, and the digital 
computor results, h/r can be determined accurately to four 
decimal places after fitting an expression z = f,(1 — r/R,) 
im the same way as the inverse form? r/R,=f,(z) A fourth- 
order polynomial (Table 1) gives this accuracy for small 
drops where r~0Q(R,) This method improves on Aj 
determined from r/R, assuming the elliptical approxima- 
tion® for the surface above the plane of greatest section, 
since that approximation does not always hold to the 
accuracy required 


Table 1 
Polynomial coefficients 


z = (rih — AJC = Lan(1 ~ r/R) 
n=0 


fta — 1 0000 
fly 2 2755 
aa — 0 3056 
as 0 2620 
a, 0 0571 


Having obtamed Ajr hom z = f,(1—r/R,) the value of Y 
is found by substitution mto the polynomial expression. 
y=gel,*/B(z) given by Staicopolus? 

An interference microscope (Fig 1), embodying the 
Michelson principle’, was used at times 26 m measure- 
ments on small samples of glycerol and related liquids 
The formule for the radius of curvature by Newton’s 
rings were used since it 1s relatively simple to show that for 
small drops or bubbles (7 ~ 05 mm) the curved surface 
over the small region (radius 0 07 mm) at the vertex which 
1s observed ın the interference microscope may be taken 
as spherical to the required degree of approximation, that 
is, the actual surface and the assumed spherical surface 
oF eee by more than a small fraction of a wave-length 
of hg 

The method of least squares was used to determine E, 
fiom the experimental observations made using the green 
5461 A line from a mercury 198 lamp The accurate 
magnification for the reduction of measurements made on 
photographic plates was obtamed by repeated measure- 
ments on a 1-mm scale photographed alongside the drop 
and which was precision iuled into 10 divisions on a 
metrological rulmg engme at the National Standards 
Laboratory, Sydney 

For typical cases of small sessile drops, 1 mm radius, of 
glycerol, r was measured to + 00001 em and R, to- 
+ 000005 cm, allowing y to be determmed as 615 + 1 
dynes/em at 25° C ~ 
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" Weasurements of Equatorial Currents in 
the Gilbert Islands Area, July - August 1963 
x a recent article, Montgomery! reviewed the observa- 
aa of the equatorial undercurrent, a current which has 
beon recorded at least seasonally in each ocean. This 
easterly flow is found near the equator, usually below a 
wort erly surface current; the easterly velocity maximum 


1000 m 


A Marakei 







Abaiang 


| Tarawa 


.pproximate outlines of the shoal areas are shown; the small islets, ' 
; file of the islan G 


NATURE 


equator at 174° E., as the nature 














is located within the E E M a 
central Pacific Ocean have shown the widere: 
monly to be separate from the easterly surface 
the equatorial countercurrent to the north, to be syn 
metrical about the equator, to be relatively steady, a 
to havo a maximum velocity of two to three knots. Ine 0 |. 
the western Pacific Ocean, on the other hand, the. data TE 
indicate that the undercurrent is by comparison less = 0 | 
strong and less steady, is commonly not symmetrical one 
about the equator, and is often joined to the equatorial 
countercurrent by a continuous layer of easterly flow 
Montgomery chose the Gilbert. Islands,. which eros 


















the central and w estern E of 


sizeable poems to the: flow: of ‘the: “und Ay 
between New Guinea and the- Galapagos: Aslan ds 
distance of some 8,600 miles. ore cane 

The previous measurements of the current happen 6 
have been made mostly well to. the east or west of this 
dividing lino, with few data from the vicinity. of the — 
Gilbert Islands and no measurements within the ibo 066 
island channels themselves. To provide a first look at oo 
this interesting area, a programme of water sampling and č  ž 
current measurements was added to the hydrographic _ 
survey carried out in the Gilbert Islands during July- 
August 1963 by H.M.S. Cook, the Royal Navy surveying 
ship, in the south-west Pacific Ocean. 
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d chain, from the sea surface to a depth of 
exaggeration. 200, Jsotherms for 15° Cand 25°: 
} chart No. 0119 and fror unpublished | recent 








r feet above sea-level and for the most pa 
ply (and often with spectacular suddenness) to 


oceanic depths. A chart of tho contral Gilbert Islands 
is Shown in Fig. 1. This figure also includes the profile 
of this portion of the island chain, between the sea surface 
and a depth of 1,000 m, as projected on a meridional 
“plane. The positions of the 15°C and 25° C isotherms 
-included on the profile were observed on a meridional 
-section at the longitude of Ocean Island, some 250 miles 





west of the Gilbert Islands (see following). These iso- 


= therms define the extent of the main part of the thermo- 


-cline in this region; it is seen that there are no extensive 

obstructions in the inter-island channels at depths which 

—. would interfere with zonal flow at the level of the thermo- 
~~ eline. 


While the Gilbert Islands lie within the limits of the 
easterly trade winds, light airs and calms are much more 
common than in the region along the equator in the 
central Pacific Ocean. (During the cruise reported here, 
calms or light airs were reported on 31 of the 46 days 
spent in the general vicinity of the island group.) The 
surface currents, while generally setting toward the west, 
are notorious among island navigators for the occasional 
occurrence of strong sets in unpredictable directions, 
causing difficult landfails on these low islands (personal 
communications and experience). It should also be noted 
that the spring tide range in these islands is of the order 
of 2 m, so that one might expect occasionally to find 
tidal currents influencing the flow in the vicinity of 
land. 

In the expectation of complex flow in the neighbour- 
hood of the islands, it was decided that H.M.S. Cook 
should first look for the undercurrent by occupying a 
meridional section well upstream (westward) from the 
island chain. This section was made along 169° 34’ E., the 
longitude of Ocean Island (a small, isolated, raised coral 
island at 0° 53’ S., which H.M.S. Cook had, in any event, 
to visit for bunkers). Stations were occupied every 30 
miles from 2° 8. to 3° N., with serial measurements of 
water properties and currents to 800 m. Following com- 
pletion of the meridional section, three 24-h stations were 
occupied along the same longitude, approximately at 
1° 00’ N., 0° 15’ N., and 0° 30° S. During each of these 
three stations the drift of the vessel relative to an 
-anchored beacon was measured by radar. Serial current 


- Measurements to 400 m were repeated every 3 h, with 
serial measurements of water properties to 800 m at the 


beginning and end of each 24-h station. 


ee : <> The bathythermograph data from the meridional 
“section demonstrate the equatorial spreading of the 


thermocline associated with a geostrophic undercurrent}. 
-The vertical separation between the temperatures of 
15° C and 25° C was 60 m at 2° S. and 45 m at 2° N., but 

at the equator it reached a maximum of 88 m. Prelim- 
inary examination of the data from each of the three 
24-h stations reveals that easterly flow was present in the 
thermocline, the mean eastward component not exceeding 
1 knot at any depth. While the details of the surface 
_ eurrent will have to await a thorough analysis of the 

_ effect of the wind on the ship, it can be said that the sur- 
face current, regardless of direction, was uniformly 
slower than the current in the thermocline, and also that 
during the station at 1° N., which had a preponderance 
of calms and light airs, the mean surface current had 
an eastward component. 

After completion of the work at 169° 34’ E., H.M.S. 
Cook returned to the Gilbert Islands, where two further 
24-h stations were occupied, one in the centre of the 
Maiana—Kuria channel and the other in the centre of the 
Aranuka—Nonouti channel. The mean flow in the thermo- 
cline was easterly at both stations, with the eastward 
component not exceeding 1 knot. The surface currents 
were weaker than the sub-surface flow, and under calm 







the undercurrent in particular. EE 
The participation of one of us (E. D. S.) in this pros 
gramme was supported by the U.S. National Science — 
Foundation and Office of Naval Research. — be | 
Chesapeake Bay Institute, ae 
Johns Hopkins University, 
Baltimore, Maryland. 


Commanding Officer, Retire 
H.M.S. Cook. 
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METALLURGY 


X-ray Emission Spectroscopic Investigation of — 
Sealing of Anodic Oxide Films on Aluminium oe 


‘SEALING’ of oxide coatings produced on aluminium and | 
its alloys by anodic treatment in sulphuric acid solutions. 
is the reaction between the amorphous alumina (contain- | 
ing about 15 per cent sulphate) and boiling water or 
aqueous metal salt solutions, X-ray emission spectroscopy — 
provides a new and useful technique to study the sealing | 
reaction through its quantitative and quick determination 
of the content of various elements such as aluminium and 
sulphur in the film and their changes on sealing. Sealing - 
action in metal salt solutions of nickel acetate, cobalt 
acetate or potassium dichromate can be assessed by the - 
increasing metal ion content of the sealed film. Typical 
results are discussed here. . oc 

The emissivity radiation strength under standard exam- 
ination conditions is affected by: (a) element volume con- 
centration in the oxide film; (b) film thickness: {e} 
absorptivity of the film (including action of the water or 
metal salts taken up in the sealing operation). The volume — 
concentration of the element examined is not changed 
significantly by sealing since chemical dissolution of the - 
film is very slight, and no volume change can be detected 
(by normal metallographic techniques). The influence of | 
film thickness remains essentially constant once a mini- 
mum film thickness is attained. (Rough. calculations 
indicate that with aluminium and sulphur, 90 per cent of — 
maximum intensity is attained with film thickness of 
about 4u.) This leaves absorptivity as the major variable _ 
during an examination of sealing. Thus, with anodic - 
coatings produced under standard conditions to an. - 
adequate film thickness and sealed in various ways, the — 
aluminium and sulphur counts will decrease on sealing in. 
water, compared with values for the non-sealed film, and ~ 
will vary with the degree of sealing, that is, with differences 
in the take-up of water. th aoe 

The X-ray emission spectroscopy technique has. 
applied successfully in a study of sealing. A Gene 
Electric X-ray spectrograph (X RD-5) was employed usi 
the following spectral lines, aluminium K-a (8°34 
sulphur K-a (5-37 A), nickel K~« (1-66 A), with opera 
conditions standardized to yield 4,000 ep.s. for 
purity (99-993 per cent) aluminium  spectrograp! 
standard. | ha 

Aluminium (99-998 per cent) foil samples in grou 
10 panels each were anodized in 15 per cent sulph 
acid solution at 25° C and 15 amp/ft.? for 45 mi 
oxide films with coating weights of 4-5. 













thicknesses of about 20u). Individual. weig . 
from a group were sealed in de-mineralized water (pH 6-0, — 
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100° C) or nickel acetate solution (mekel acetate 5 g/l, 
boric acid 5 g/l , pH 5 0, 100° C) for varying periods up to 
3,000 min The weight gain on sealing was determined, 
followed by X-ray emission spectroscopy determmation of 
aluminium, sulphur and nickel intensities Panels were 
stripped of all oxide by treatment in the conventional 
phosphoric acid—chromic acid solution (A S TM B 137-45) 
at 100° C for 10-15 min, the aluminium panel weight 
determmed and the unsealed coating weight and the 
per cent weight gaim on sealing calculated 

The change m aluminium and sulphur radiation inten- 
sities as the oxide film was thinned by progressive chemical 
dissolution m the phosphoric-chromic acid solution was 
also investigated A group of panels was anodized and 
sealed together, and then individual panels were immersed 
in the hot acid solution for varying periods of 15 sec- 
15 mm followed by exammation by X-ray emission 
spectroscopy The loss ın weight during dissolution 
treatment was determined by weighing, after which the 
samples were treated further to remove the oxide com- 
pletely The peicentage weight of film dissolved wos 
calculated for individual panels 

The gain m weight durmg water sealing (Fig 1) rose 
with time, bat at a steadily decreasing rate, up to 3,000 
min, a period more than 50 times longer thev the sealing 
period in commercial use for films of this thickness The 
alumimium intensity decreased, rapidly at first, and then 
at a slowly decreasing rate The intensity was linear with 
the percentage gam m weight on sealmg The sulphur 
emission intensity also decreased, but to a lesser degree 
and was not linea: with the gain on sealing 
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Effect of water sealing time on X-ray emission spectroscopy 
intensities for aluminium and sulphur (100°C, pH 60) 


The results obtained with nickel acetate solution sealing 
(Fig 2) were very different from those from water sealing 
The gain m weight on sealing for the maximum period 
used (250 min) was much higher than ın water sealing 
(24 per cent versus 11 per cent) due to precipitation of 
nickel salts durmg sealing m addition to water take-up 
The alummium intensities decreased Imearly with per- 
centage gain in weight on sealing during sealing for up to 
about 30 min and then decreased more slowly Nickel 
mtensities mereased linearly during the entire” sealing 
period but with a change in rate after about 30 min of 
treatment The addition of, specific surfactants to the 
nickel acetate solution has been found to modify greatly 
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the effect of sealing on the X-ray emission spectroscopy 
values Further work ıs required to confirm and explain 
these results 

The effect of progressive dissolution of the film on the 
aluminium and sulphur intensities 1s lustrated by Fig 3 
The values for unsealed films were aluminium, 920, 
sulphur, 230 cps These were much higher than the 
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Fig 2 Effect of sealing time in nickel acetate solution on X-ray emission 
spectroscopy intensities for alummium and nickel (nickel acetate 5 g/l, 
boric acid 5 g/l , pH 5 0, 100° C) 
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Fig 8 Effect of progressive chemical dissolution of water-sealed anodic 
oxide film on X-ray emission spectroscopy mtensiiies for alummmum 
and sulphur (sealed 250 mim, 100° O, pH 6 0) 
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counts determuned on the samples which had been water- 
sealed for 250 min, namely, aluminium, 750, sulphur, 
180 cps As mdividual samples were ‘stripped’ for 
mereasingly longer periods the aluminium intensity rose to 
855 with accompanying loss in weight of about 50 per cent 
of the oxide film With further stirppmg the intensity 
climbed very sharply due to increasing contribution not of 
the oxide film but of the aluminium substrate which was 
not screened out by the greatly thinned oxide film 

The change in sulphur intensities with mcreasing disso- 
lution of the film showed an iitial rise to a value which 
was maintained until the increasing thinness of the oxide 
coating caused a decrease (as compared with the rise with 
aluminium intensities) 

The imtial rise of both aluminium and sulphur nten- 
sitios appears to be due to the presence of a ‘skin’ of oxide 
which was sealed to a greater degree than the underlying 
bulk film The depth and degree of this effect increased 
with sealmg time Suimular effects have been noted ın work 
with oxide films sealed ın nickel acetate solution Duissolu- 
tion in the chiomic—phosphorie solution probably causes 
non-uniform thmning due to differential action associated 
with the pore structure of the anodic oxide coating Non- 
uniform attack of barrier layer films by the same solution 
has been discussed by Altenpohl’, Frankln?, and Stirland 
and Bieknell® Examination of the location of the dissolv- 
tion action and of the ‘skin’ effect 1s continuing 


Roy C SPOONER 
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MINERALOGY 
A Mercury Mineral from the British Isles 


We have recently discovered small quantities of 
emneabar (HgS) m the galena—calcite—fluonte ore- 
bodies of Rutland Cavern, Matlock Bath, Derbyshire 
The mmeral occurs ın cavities, most often in, fluorite, as a 
brick-red deposit associated, with smithsonite (ZnCO,) and 
110n-staiing, and under the microscope appears as minute 
1ed specks dusting the surface of smithsonite and fluorite 
This is the first recorded occurrence of a mercury mineral 
fiom the British Isles Since our discovery cimnabar has 
also been identified on a specimen from Peat Pasture, 
Greenhow Hull, Pateley Bridge, Yorkshire, ım the collec- 
tion of Sir Arthur Russell, Bart 

We thank the staff of the British Museum (Natural 
History) for carrying out the identifications 

R S W Brarrywarre 
T B GREENLAND 
Department of Chemustry, 
College of Science and Technology, 
Manchester 
G Rysack 
36 Hainthorpe Road, 
London, S E 27 


CHEMISTRY 


‘Ageing’ of Silica Suspensions in Water and 
its Influence on Flocculation by Polyacrylamide 


It has been found that silea and certain silicates 
undergo a slow chango of surface properties when kept in 
water, their suspensions becoming resistant to flocculation 
by polyacrylamide For example, fresh 1 per cent sus- 
pensions of the high-purity, amorphous silica ‘Aeros!’ 
(Degussa, Germany) are rapidly flocculated by a 0 004 per 
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Fig 1 Times of ageing of silica, m aqueous suspensions, required to 


develop complete resistance to flocculation by polyacrylamide 


cent solution of polyacrylamide of high molecular weight, 
such as ‘Cyanamer P 250’ (American Cyanamid Co, 
New York), but, after standirg for a certain time, 
‘Aerosil’ suspensions can no longe: bo flocculated, even by 
larger amounts of polyacrylamide (for example, 0 08 
per cent) Fig 1 shows the times required to develop 
resistance to flocculation m various solutions 

The ‘ageing’ effect has been proved not to be due to 
dissolution of silicic acid or to changes of surface area 
The silica can be restored to its o1igimal (flocculable) 
condition by heating ıt to 300°C, this treatment removes 
chemisorbed water present as silanol groups, whereas 
removal of physically adsorbed water at lower tempera- 
tures does not reverse the ageing Infra-red spectroscopy 
on samples heated to various temperatures showed that a 
band at 2 74, which has been ascribed to single hydroxy! 
groups!, 1s present in the orginal and m the ‘rejuven- 
ated’ silicas but not m the aged forms dried at tempera- 
tures below 300° C This band also disappears m fiesh 
silicas that have been flocculated by polyacrylamide 

Polyacrylamide is strongly adsorbed by fresh silicas 
but not by aged ones Adsorption evidently occurs by 
hydrogen-bonding on to silanol groups, because floccula- 
tion was imbubited when competirg hydiogen-bonding 
agents such as alcohols, armades, ketones and ureas were 
added, furthermore, the relative mola: effectrveness of 
these agents was found to be independent of the concen- 
tration of polyacrylamide, and their order of effectiveness 
agreed closely with thew mteraction values with silicic 
acid? 

Powdered, quartz and tale showed a similar ageing, 
whereas alumma, bentonite and kaolinite showed no 
ageing, remammg sensitive to flocculation Ageing 
therefore appears to be associated with surfaces that are 
predominantly siliceous ın composition 

In the pH range 2-6, the rate of the agemg process 1s 
proportional to the concentration of hydroxyl ions 
(Fig 1) Fluorides also accelerate agemg, though less 
strongly than OH-, while chloride ıs quite ineffective 
The rate with fluoride ıs roughly proportional to [F-} 
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and depends somewhat on pH, presumably because 
hydrogen fluoride 1s not fully dissociated 
From this evidence two conclusions may be drawn 
(1) Flocculation of silica by polyacrylamide occurs by 
hydrogen-bonding adsorption on silanol groups of a 
particular type—probably isolated OH-groups 
(2) Ageing of silica in water ıs a chemical reaction in 
which these active gioups disappear 
A, co-ordmation number of silicon above four can occur 
in the presence of hydroxyl or fluoride ions’, also, an 
merease of number of OH-groups carried by each silicon 
atom in the surface layer has been found? Although 118 
not yet clear why adsorption of polyacrylamide 1s thereby 
prevented, the hydrogen-bondmg ability of surface 
silanol groups must be involved The presence of a 
co-ordinately bonded hydroxylic layer seems a plausible 
hypothesis® 
The ageirrg phenomenon may also have important 
umpheatiors for the biological action of silica, fresh silica 
18 flocculated by a very small amount of human saliva, 
while aged silica 1s not 
One of us {O G ) thanks the University of Buenos Aires 
for a fellowship held during the course of this investigation 
O GRIOT 
/ J A KITCHENER 
Department of Mınıng and Mineral Technology, 
Imperial College of Science and Technology, 
London, SW 7 
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Structure and Mechanism of Hydrolysis 
of the Product of Reaction of Phosphorus 
Pentoxide and Ethyl! Ether 


THE product of reaction of phosphorus pentoxide 
and ethyl ether which has the composition of a metaphos- 
phate ester [PO,(C.H;)], has been the subject of recent 
discussion Ratz and Thilot have shown that the product 
of hydrolysis of this ester could result from the splitting 
of a mixture of the two following compounds 


O=P—OEt Oo oO 
fm | ll 
dto EtO—P—O—P—OEt 
a 3 
O b t and O 
tO SN Pea di Et—OP_0—b_Ont 
t t—OP—O—P— 
O ; é l li 
I O Ò 
JI 


However, the nuclear magnetic resonance spectrum. 
obtamed by Van Wazer? on the crude compound shows 
the presence of three peaks, the chemical shifts of which 
ale characteristics of terminal (t), middle (m) and branched 
(b) phosphorus atoms, but in the proportions P; = 25 per 
cent, Pm = 72 per cent, P, = 3 pe: cent The mequality 
of P, and P; seemed to rule out the proposed structure 
The use of this compound as an activating agent in a 
number of condensation 1eactions? has mduicated its 
extraordinarily high reactivity towards OH groups and 
raised, the question of the mechanism of the condensation 
reaction The titration of a solution of the polyphosphate 
ester ın water immediately after dissolving shows two 
pimay acid groups for each initial P,O,, molecule (Fig 1, 
curve 1) Pollmann‘ has examined the changes in infra- 
red spectra of a solution in chloroform on addition of 
small quantities of water and suggested an opening of a 
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Acid groups/4 P 


Fig 1 Titration of the polymetaphosphate ester in water as a function 
of time (1) mmediately after dissolving, (2) after6h, (8) after 24 h, 
(4) after 52h, (5) after boiling for 1 h 


ring based on the disappearance of a bioad peak attributed 
to cycle metaphosphate 

The nuclear magnetic 1esonance technique seemed 
suitable for a fine analysis of the structure and mechanism 
of hydrolysis of this compound We have used a Varian 
spectromete: operating at 245 megacycles/sec Phos- 
phoric acid (85 per cent) was used as an external standard 
and no attempt was made to measure the chemical shift 
with an accuracy of better than + 2ppm 

A first attempt to reproduce Van Wazeu’s experiment 
on an undiluted sample prepared a few days before the 
observation has given the result shown in Fig 2 The 
chemical shnfts are identical to those published by Van 
Wazer èP; = 16, Pn = 29, èP, = 42, and the propor- 
tion only shghtly different from ns with an unequal 
proportion of P, (6 per cent) and P; (32 per cent) 


32% 62% 6% 


0 10 20 30 40 
Ppm 


Fig 2 Nuclear magnetic resonance spectrum of a crude sample of 
polymetaphosphate ester and integration curve (no solvent) 


To prevent a partial hydrolysis during tho storage or the 
transfer of the viscous material into the narrow tube, we 
have introduced directly mto the tube a freshly prepared 
chloroform solution of the compound in the absence of 
humidity, and evaporated part of the solvent under 
vacuum The spectrum so obtamed (Fig 3a) and rts 
integral (Fig 3f) show approximately equal proportion of 
P, and P; and therefore permits structure I The relative 
amounts of phosphorus ın structures I and IT can then be 
calculated 

Cy ~ 2 x (15 + 13 per cent) = 56 per cent 

Cry ~ 44 per cent 
The changes of the spect: um on addition of small quanti- 
ties of water (Fig 3b, c, d, e) reveal the following 
features 
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0 10 20 30 40 50 
Ppm 
Fig 3 Nuclear magnetic resonance spectrum of a concentrated solution 


of freshly prepared polymetaphosphate ester ın chloroform aand 
Í, Sample in absence of water and its imtegral, respectively, (b) with 
less than one equivalent of water per 4 P, c, with a large excess of water 
after 5h, (d) with an excess of water after 20 h, e, with an excess of 
water after boiling (each trace may be at a different amplification) 


(a) In a first step (b) the P, peak disappears and the Pe 
peak increases while Pm remains practically constant No 
resonance corresponding to orthophosphate derivatives 
appears 

(b) In a second step (c) the concentration of Pm decreases 
and the concentration of P; mereases until both are 
roughly equal ` 

(c) The concentration of P; becomes higher than Pm 
and a small quantity of orthophosphoric derivative (Ps) 
18 found (c) followed by a disappearance of Pm with 
increasing amounts of P,(d) 

The same experiment pérformed with ethyl alcohol 
gives the same pattern of results From the relative 
amounts of the different species of phosphorus during 
these three steps, the following conclusions are drawn 

(a) The structure I 1s more sensitive to hydrolysis than 
structure II The first bond to be split is the bond con- 
necting the ‘branched’ phosphorus to another phosphorus 
of the ring 

(0) The ring opening of structure IT follows until trans- 
formation of the two compounds into two linear tetra- 
polyphosphates (P;/P„ = 1) 1s complete 

(c) The hydrolysis of the tetrapolyphosphate proceeds 
preferentially through formation of two pyrophosphate 
structures This obsei vation fits with the rate of appear- 
ance of secondary acidities evident n Fig 1 

It 18 probable that the relative amounts of structure I 
and II depend on the preparation and could account for 
some variation in the behaviour of this material in poly- 
condensation reactions However, a ratio of the order of 


NATURE 


December 7, 1963 


1 1 can be expected from the original structure of P010 
and the observed higher stability of structure IT towards 
hydrolysis 
Ths work was supported by the US Atomic Energy 
Commission GILBERT WEILL * 
MELVIN KLEIN 
MELVIN CALVIN 


Department of Chemistry and Lawrence Radiation 
Laboratory, 
University of Califorma, Berkeley. 
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Proton Magnetic Relaxation and Protein 
Hydration 


We have found that ovalbumm dissolved in water 
decreases the proton spin—lattice relaxation time T, and 
proton spin-spin relaxation time T, and we show that this 
effect ıs due to an merease of correlation time of part of 
the water molecules The correlation tıme 7 can be defined 
as the mean time of persistence of the angular position of 
a waer molecule and ıs simply related! to the Debye 
dielectric relaxation time Ta, T= Ta/3 According to the 
theary of nuclear magnetic relaxation by Solomon’, T, 
and T, are functions of t In some cases t can be expressed 
as a function of the macroscopic viscosity of the hquid?, 
but ın the case of protem solutions such an explanation 1s 
not possible as was shown by Hennel et al ? 

The measurements of 7', and T, of ovalbumm reported 
here were made at 20°C m magnetic field of 3,288 1 
gauss using the Carr—Purcell* and Meiboom® spm echo 
techniques Recrystallized ovalbumin from hen’s egg-white 
was used and also some measurements were done on a 
solution of fresh egg-white Care was taken to ensure that 
the investigated material was sufficiently free from any 
paramagnetic 10ns, which could exert a spurious effect on 
relaxation To remove such ions, versene (ethylenediamine 
tetraacetate sodium salt) was added to the protein solution 
in a dialysis bag and dialysis was performed against 
distillad water The efficacy of this method was controlled 

The results obtamed show that the reciprocal of relaxa- 
tion tzme increases lnearly with the concentration 

V/7,=1/Tintkye (1) 
1/Ta= L/T 3w + kc (2) 
where Tw and Taw are respectively the spm-lattıce and 
spin-spin relaxation times of dialysate, practically equal 
to va_ues for distilled water exposed to the ar Tiw= 
T w=27 sec The concentration c 1s expressed in g of dry 


protein contamed in 1 g of solution The constancy of 
k, and k, at different concentration 1s evident from Table 1 


Table 1 VALUES OF A, AND oe FOR OVALBUMIN AT 20° C AND 
D 


cjs 
Concentration Fresh Denatured 
(e > 10°) Ay Ks ky he 

2 32 293 715 121 89 2 
4 69 2 77 5 91 12 0 105 5 
5 36 3 06 5 92 127 109 5 
03 273 7 30 103 876 
7-30 3 08 744 13 6 109 0 
8-85 3 33 7 25 12 0 978 
9 46 3 59 6 66 143 104 5 

mean 307 6 80 12 4 100 4 


In order to give an explanation of the obtamed behavı- 
our of T, and T, we assume that the protons present in a 
sample consist of 3 groups (A) Protons situated in water 
molecules which erther do not belong to the solvation 
layer of any protein molecule or,if they do belong, are 
bound such a way as to enable them to change thew 
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position im relation to the protein molecule The correla- 
tion time of water molecules of this type 1s not affected by 
the presence of protein and 1s equal to that ın pure water 
(B) Protons situated in water molecules bound to the 
protem molecules in a rigid, rotational? way and having, 
therefore, the same correlation trme as the protein molecule 
itself (C) Protons of the protem molecules having very 
short T, and a 1ather slow exchange rate? with tho 
surrounding water escaped our observation 

We have, therefore, to consider only groups A and B 
If there were no proton exchange between these groups 
one would observe two separate relaxation times Ta m 
gioup A and 7’, im group BE We assume that such an 
exchange exists and is so fast that the tme of life of a 
proton ın any of the two groups is shorter than Ta or 
Tə In such a case we shall observe single resultant relaxa- 
tion time T, given by the followmg equation? 


1/T i= PaT ia + po/T rw (3) 
where Pa and pẹ are the fractions of time spent by a 
proton im groups A and B respectively They are propor- 


tional to the amount of water in each group Let w be tho 
mass of water of group B per 1 g of dry protein Then, at 


low concentration (c<1), we have pa=(1—we-—c)/(1—c) 
l 

ae ee i 

= Tg)” P iw ( ) 


and pp=wc](1-—c) and remembering that Tia=T;w we 
/ Dw | Tib Pw 
in a sumilar way we obtain 
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obtain from (3) 
1 
~ Pa 
This 1s the hnear equation (1) where 


l 1 1 

ka (5 Tag)” Ta e 
Eapiessing Ta and Tay as functions of t by means of 
equations (33) of Solomon’s paper? and substituting this 
into equations (4) and (5), we obtain a set of two equations 
which can easily be solved for w and t by means of a 
graphical method (The use of equations (33) which are 
obtained for isotropic random motion is an approximation 
only, bocause the shape of the ovalbumin molecule 1s 
ellipsoidal with an axial ratio of about 5 and therefore the 
motion of the irrotationally bound water molecules cannot 
be regarded as isotropic ) Assuming for k, and k, the mean 
values given in Table 1 and the value? b=1 515 A for 

interproton distance in water we obtain for ovalbumm 


w= 1 60x 10-, <=] 03 x 10 sec 
For egg-white we find k,=3 62 and k, =9 13, which yield 
w=197 x 10-2, +=] 20x 10-8 sec 


These values of + should be comparable with 1/3 of the 
Debye diclectric relaxation trme of the protem According 
to data given by Edsall!®, +g/3=16x10-§ sec for the 
shorter axis and rta/3=6 x 10-8 sec for the longer axis of 
the ovalbumin molecule In view of the obvious short- 
comings of the model this agreement 1s satisfactory 

The amount of water rotationally bound to the protem 
is im agreement with the results of Buchanan et al ®, who 
found 0<w<007 from the dielectric constant of oval- 
bumuin solution at very high frequency 

We have found that denaturation of protem by keepmg 
a sealed samplo at 100° C for 10 mm causes an increase 
of k, and ky, leading to values k, = 12 4and k, = 100 4 for 
ovalbumin, and k, = 10 36 and k, = 61 43 for egg-white 
These values yield w = 123 x 10-* and + = 325 x 10-8 
sec for ovalbumin and w = 87 x 10-* and + = 263 x 
10-8 sec for egg-white, showing that the anount of rota- 
tionally bound water mcreases as a result of denaturation 
This may be caused by unfolding of the polypeptide chams 
and exposmg a greater number of polar groups to the 
surrounding water The increase of rotationally bound 
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water does not preclude that the whole amount of solvation 
water decreases 
We thank Miss K Caputa for her help m preparmg the 
samples and making measurements 
O K -Daszxrmwicz 
J W HENNEL 
B LUBAS 
Institute of Nuclear Physics, 
Polish Academy of Sciences 
T W §ZCZEPKOWSKI 
Department of Physiological Chemistry, 
Medical Academy, 
Cracow, Poland. 
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Preparation of a Low Molecular Weight 

Component with Lactogenic Activity from 

a Limited Chymotryptic Digest of Ovine 
Prolactin 


Tue limited digestion of ovine pituitary lactogenio 
hormone by chymotrypsm has recently been investigated 
in. this laboratory)? It was found that preparations of 
piolactin showed lactogenic activity even after 50 per cent 
digestion with the enzyme Ultracentrifugation imvesti- 
gations revealed that the prolactin core contained a 
component’ which had a sedimentation coefficient close 
to that of the non-treated hormone The digest also 
contained another protem fraction which sedim nted 
more slowly than the bulk of the material? This commun.- 
cation 1s concerned with the purification and properties 
of this latter low-molecular-weight component 

Prolactin was digested and flactionated by a method 
essentially the same as that previously described? The 
hormone (3 5 g) was digested to an extent of 50 per cent 
by imeubation with bovine chymotrypsin (Armour Co, 
Lot No 381092) at 27° Cin a pH 8 4 buffer containing 0 1 
M sodium bicarbonate and 001 M tıs (tres(hydroxy- 
moethyljaminomethane) buffer The protem. concentration 
was 1 per cent and the enzyme to substiate ratio was 
1 300 The reaction was stopped by carefully adding 
dilute acetic acid in the cold with continuous sturing until 
the pH of the mixture was 3 The mixture was then 
dialysed against 0 1 M acetic and After dialysis the 
protein was submitted to counter-curient distribution in 
2-butanol-0 35 per cent dichloroacetic acid* The main 
peak (which had a distribution coefficient of 1 67) was 
then submitted to chromatography on DEAE (diethyl- 
aminoethyl)-cellulose (Schleicher and Schuell Co , Lot No 
1196) 1n tras buffer of pH 8 2 and 10m1c strength 0 01 After 
a prior washing of the column with 0 055 M sodium chlor- 
ide, two fractions were obtained by elution with 01 M 
sodium chloride (Fraction I) and 0 25 M sodium chloride 
(Fraction II) Both fractions were agam submitted to 
chromatography on DEAE-cellulose unde: identical 
conditions, dialysed and lyophilized 

Fig 1 illustrates the results of expermments m which 
these and other fractions were studied by gel-filtration on 
‘Sephadex G~-100’ Untreated monomer prolactin (mole- 
cular weight 23,000)=5 emerged from the column after an 
elution volume of 50 ml (Fig la), whereas aggregated 
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02 Monomer prolactin 





O3- {b) 

02F Aggregated 
prolactin 

01 


Fraction I 


Optical density at 278 my 


Fraction I 





05 (f) 


Lysozyme 


1 10 20 30 40 50 60 70 80 
Effluent volume (ml ) 


Fig 1 Gel-filtration on ‘Sephadex G-100’ in 0 2 M ammonium acctate 
buffer of pH 8 2 at 20°C Column size, 107x 16cm Fractions of 2 ml 
were collected Flow-rate, 12 ml/h a, 51 mg prolactin monomer 
(see ref 3, Fraction A), b, 86 mg aggregated prolactin (see ref 3, 
Fraction C), c, 70 mg Fraction I, d, 60 4 mg of Fraction IT, e, 10 0 mg 
of Fraction Il’, f, 33 mg of foe me lysozyme (Armour Co Lot 


piolactin gave 11se to multiple components (Fig 1b) 

Fraction I, which emerged after the same elution volume 
as monomer prolactin (Fig Ic), appeared mamly as a 
single peak In contrast, Fraction II appeared to contain 
three components (Fig 1d), including one which emerged 





Fig 2 Sedimentation of Fraction IT’ in the ultracentrifuge at 52,640 rpm and 22°O, 

13 5 mg proteimjml solvent, O 1 M sodium bicarbonate buffer of pH 84, sedimentation 

from left to right, pictures taken at the followimg intervals after attamment of full 
speed 4, 20 and 56 min, artificial boundary -forming cell used 
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from the Sephadex column after an elution volume of 
60 ml The latte: component (which was designated 
Fraction II’) was puiified by repeatedly submitting it to 
gel-filtration on ‘Sephadex G~100’ under the same con- 
ditions Finally, it gave the elution pattern shown in 
Fig le In orde: to obtam a rough estimate of the 
moleculai size of Fraction II’, a sample of egg white 
lysozyme (molecular weight approximately 14,000) was’ 
studied by gel-filtration on ‘Sephadex G-100° Fig If 
shows that lysozyme was eluted from the column after 
about the same elution volume as Fraction IT’ ‘ 

Bioassay of Fiaction. IT’ by means of local crop sac- 
stimulation in the pigeon® showed that ıt had approxim- 
ately one half the lactogenmic potency of the undegraded 
prolactin Tho result of sedimentation velocity analysis 
of Fraction II’ in the ultracentrifuge 1s shown in Fig 2 
In 0 1 M soduyn bicarbonate buffer of pH 8 4 the protem 
sedimented as a single boundary and the sedimentation 
coefficient (Saw) was found to be 088 S, whereas the 
untreated prolactin monomer has a sedimentation 
coefficient of 2 18 S undo: the same conditions’ Further 
investigations on this low molecular weight component 
possessing lactogenic activity are in progress 

This work was supported in part by a grant (A—6097) 
fiomthe U § Public Health Service, National Institutes of 
Health One of us (M SS) was a NATO Science Fellow 
under the auspices of the Netherlands Organization for the 
Advancement of Pure Research durmg the comse of this 
work 
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Identities of the Fatty Acids derived from the 
Polymyxins and Colistin 


Hausmann and Craig! first demonstrated that the 
peptide antibiotic polymyxin B was not homogeneous but 
could be separated by counter-current distribution into 
two components, polymyxim B1 and polymyxin B2 On 
hydrolysis, ın addition to the amino-acids wy-diammo- 
butyric acid, leucme, phenylalanine and threonine, poly- 
myxin Bl gave (+) 6-methyloctanoic acid, which had 
previously been isolated and charactorized by Wilkinson? 
Polymyxin B2, although contammg the same amino-acids 
gave an optically mactive acid, CHO not identical 
with n-octanoie acid but which was not otherwise char- 
acterized 

We have now demonstrated by gas chiomatogiaphy 
that the foregoing C, and C, acids are present, although 
im different proportions, i the crude fatty acids derrved 
from polymyxin B, polymyxm # and colistm In each 
chiomatogram the presence of a trace,(less 
than 1 per cent of the total acid) of a third 
acid was observed, which has been identified 
tentatively as 7-octanoic acid By counter- 
current distribution polymyxms Bi and 
B2 and polymyxins 1/1] and #2 were obtamed 
From the acid hydrolyses of polymyxins B1 
and H1, (+) 6-methyloctanoic acid was 
isolated and characterized §Polymyxins 
B2 and H2 gave optically inactive acids, 
C,H,,0., each of which was converted to an 
optically mactive amide, shown by the 
melting pomt, mixed meltmg pomt and 
infra-red spectrum to be identical with the 
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amide of synthetic isooctanoic acid Further proof of 
identity was obtained by comparison of the gas chromato- 
grams of the methyl esters and paper chromatograms of 
the hydroxamates of the natural and synthetic acids 
S. WILKINSON 
L A Lows 
The Wellcome Research Laboratories, 
Langley Court, 
Beckenham, Kent 


1 Hausmann, N, and Crag, L C, J Amer Chem Soc , 76, 4892 (1954) 
* Wilkinson, S, Nature, 164, 622 (1949) 


~ 


Uncoupling Action of Chloramphenicol as a 
Basis for the Inhibition of lon Accumulation 


SUTCLIFFE! has reported that the bacteriostat chloram- 
phenicol at concentrations of 2 g/l effectively stops ion 
accumulation by tissue slices of red beet root and carrot 
root Respiration and protoplasmic streaming were 
unaffected The concentration of chloramphenicol 1e- 
quired was much higher than that needed for inhibition of 
protem synthesis ın most bacteria (2,000 versus about 10 
ug/ml.), but the necessity for high concentrations m plant 
and animal systems 1s commonly observed?. Sutcliffe 
assumed that chloramphenicol was acting as a specific 
inhibitor of protem synthesis, as in bacteria, and inter- 
preted the results as evidence for a close relationship 
between the process of protein synthesis and salt accumu- 
lation as suggested by Steward? Jacoby and Sutcliffe 
later showed chloramphenicol to inhibit uptake of carbon- 
14-labelled glutamic acid, glycme and proline by carrot 
tissue The incorporation of the amino-acids mto protein 
was inhibited in short-term experiments, but glycine and 
proline incorporation was not affected m long-term (24 h) 
experiments Net protem synthesis was inhibited 

This work of Sutchffe’s could have great theoretical 
importance, and we have accordingly included chloram- 
phenicol ın studies of calcrum uptake by isolated muto- 
chondria from etiolated maize shoots The experiments 
were patterned somewhat after those of Brierley et al 5 and 
Vasmgton and Murphy® About 100 g of 34-day shoots 
(Zea mays, WF9 x M14) were ground in a cold mortar 
with about 250 ml of 0 25 M sucrose + 0 05 M potassium 
dihydrogen phosphate + 0 005 M ethylenediamme tetra- 
acetic acid (EDTA) adjusted to pH 7 5 with tris(hydroxy- 
methyl) aminomethane (tres) Mitochondria were isolated 
by centrifugation ın the cold between 2,000g for 6 mim and 
12,000g for 15 mm, and were washed once in the grinding 
medium and once in 025 M sucrose J inal suspension 
was in 0 25 M sucrose The mitochondria were incubated 
for 10 min at 30° C with the additives listed in Table 1 
Ice-cold 05 M sucrose was layered below the reaction 
mixture, and the mitochondria centrifuged through the 
sucrose ‘The pellet was suspended in water and assayed 
for radioactivity A complete report on the properties of 
these mitochondria ın absorbing calerum 1s bemg prepared 
For now it can be noted that except for some non-specific 
adsorption the calcium uptake 1s dependent on respiratory 
energy or ATP and ıs accompanied by phosphate, much 
as with animal mitochondria®:¢ 

Chloramphenicol proves to be an mnhibitor of calum 
binding by mitochondria, at concentrations in excess of 
04 mg/ml At 16 mg/ml, which is in the range of con- 
centration used by Sutchffe, the extia calerum-binding 
mediated by substrate 18 virtually elzmmated (Table 1) 

However, ıt was difficult to ımagıne any appreciable 
protein synthesis occurring 1n these isolated mitochondria 
in the absence of added amino-acids In attempting to 
find an explanation we noted that the inhibitions of cal- 
cum bindmg were very much like those we had obtained 
with the uncoupling agent, 2,4-dinitrophenol Although 
chloramphenicol 1s not considered to be an uncoupling 
agent, 1t was conceivable that at these high concentrations 
some uncoupling ofoxidative phosphorylation might occur 
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Table 1 INHIBITION OF CALCIUM-BINDING IN MAIZE MITOCHONDRIA BY 
CHLORAMPHENICOL 

Substrate Chloramphenicol Total “Ca Substrate mediated 
(epmijmegN) binding (c p m /mg N} 

— — 26,400 — 

+ — 65,900 39,500 

+ 08 mg/ml 45,100 18,700 

+ 16 mg/ml 29,000 2,600 


Media contamed 625 moles sucrose, 626 umoles MgCl, 025 smoles 
CaCl, + *°Ca, 17 umoles phosphoric acid neutralized with frs, 01 ml 
ethanol, 06 moles NAD, 04 umoles thiamine pyrophosphate, 01 «moles 
coenzyme d, 20 umoles succinate + 46 zmoles pyruvate (as substrate where 
indicated), 0335 mg mitochondrial N, and water to a volume of 25 mi 
The pH was adjusted to 75 with ês Chloramphenicol from Parke, Davis 
and Co (listed as 1,000 ug/mg) was dissolved m ethanol, and equivalent 
ethanol was added to controls The ethanol 1s slightly inhibitory to calemm- 
binding Specific activity of calci1um was 172 cpm /mz mole z 


Table 2 UNCOUPLING OF OXIDATIVE PHOSPHORYLATION BY CHLOR- 


AMPHENICOL 
Uptake 
Chioramphenicol z i P/O 
(u atoms} (moles) 
None 18 8 29 2 174 
08 mg/ml 148 88 059 
1 6 mg/ml 91 13 014 


Warburg vessels contained 425 moles sucrose, 5 zmoles MgCl, 40 zmoles 
succinate, 40 umoles pyruvate, 42 uwmoles phosphate, 100 wmoles KCl, 
65 moles ATP, 06 umoles NAD, 04 wmoles thiamine pyrophosphate, 
01 „moles coenzyme A, 25 umoles EDTA, 100 moles glucose, 25 KM 
units hexokinase, 01 ml ethanol, 0320 mg mitochondrial N, and water 
to25 ml The pH was adjusted to 75 with tres Reaction was at 30°C 
for 15 min Chloramphenicol was added in ethanol as ın Table 1, with 
equivalent ethanol in all vessels The ethanol 1s shghtly inhibitory to 
Phosphorylation 


Table 2 shows that uncouphng does occur with con- 
centrations of chloramphenicol which mbhuibit calerum 
binding. Oxygen uptake is definitely depressed at 16 
mg/ml In some experiments 0 8 mg/ml chlo1amphenicol 
did not affect oxygen consumption, but phosphorylation 
was always lowered 

Uneouphng agents such as diitrophenol are known to 
inhibit salt accumulation by plant tissues’, although the 
mechanism of inhibition 18 subject to various mnterpreta- 
tions? Uncoupling could also reduce an endergonic 
process such as protem synthesis. Hence the effects of 
high concentrations of chloramphenicol ascribed to 
inhibition, of protem synthesis might be due to mhibition 
of ATP synthesis The fact that respiration rates of 
tissue are not altered by chloramphenicol (or are even 
accelerated!) would be expected over a certain concen- 
tration range if the compound were uncoupling oxidative 
phosphorylation The depression of mitochondrial respira- 
tion by 1 6 mg/ml chloramphenicol (Table 2) 1s the result 
to be expected from high concentrations of uncoupler, 
dinitrophenol in excess of 10-4 M also depresses oxygen 
consumption of these mitochondna Calo et al? have 
reported variable effects of chloramphenicol on potato 
tuber tissue respiration, including an mhuibition of 25 pe: 
cent 

These expermrments led us to the opimon that the 
inhibition of salt accumulation in plant tissue by Ingh 
concentrations of chloramphenicol could be due to uncoup- 
lng of oxidative phosphorylation rather than to the 
action of the compound as a specific inhibitor of protéin 
synthesis 

This work was supported by grants fiom the Atomic 
Energy Commission (A7(11-1)-790) and the National 
Science Foundation (G-16082) 
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Third Component Participating in the 
Superprecipitation of ‘Natural Actomyosin’ 


Ir has been shown that the superprecipitation of 
‘natural actomyosin’ 18 subtly controlled by a minute 
amount of calerum ions'-*, the superprecipitation 18 
promoted or depressed by the increase or the decrease of 
calcıum ions in the reaction medium respectively This 
unique action. of calcium ions not only affords the basis 
for the relaxing mechanism of chelating agents? as well as 
physiological relaxing factor’, but also appears to be 
closely associated with the lnk between excitation and 
contraction‘ 


0 400 


Control 
0 300 






GEDTA 


6 200 25x10-°M . 


GEDTA 


Absorbancy (660 my) 


Time (min) 


Fig 1 Effect of tropomyosin-like protein on the response of trypsin-treated ‘natural 
actomyosin’ to a chelating agent The suspension of ‘natural actomyosin’, 2 mg/ml , was 
mcubated with trypsin, 10 #gjmi , for 20 min at 20°C After stopping the reaction by 
trypsin-inhibitor the actomyosm was centrifuged and resuspended for use A, The effect 
of glycoletherdiammetetraacetic acid (GEDTA) on the trypsin-treated ‘natural acto- 
myosin’,0 78 mg/ml , B, the effect of GEDTA on the trypsin-treated ‘natural actomyosin’ 
The method for measurmg the 
guperprecipitation followed those described m a previous paper (ref 3) For response 


plus purified tropomyosin-like protem, 008 mg /mi 


of untreated ‘natural actomyosin’ to GEDTA sce ref 8 


In view of these findings and considerations 1t 18 
interesting to enquire mto a well-known fact®-8, first 
noticed by Perry and Gray, that the reconstituted acto- 
myosin 1s insensitive to the relaxing action of the chelating 
reagents, m other words, the reconstituted actomyosin 
lacks an important property of ‘natural actomyosin’ 
responsive to calcium 10ns 

Muscle mince was first extracted with Guba-Straub 
solution according to the routme procedures of actin 
preparation, then the residue of filtration was exhaus- 
tively washed several times at 0° C and finally extracted by 
water contaming 1 mM sodium bicarbonate at about 20° C 
forth By filtration we obtained a very viscous solution, 
which was free of myosin and native actin, though ıt might 
contain some denatured actm If a fraction of the solu- 
tion 18 added to the reaction mixture, the reconstituted 
actomyosin now behaves like ‘natural actomyosin’ in its 
response to calcium ions and chelating agents 

Further purification of the actrve principle was made as 
follows solid ammonium sulphate was added to the 
original solution up to 40 per cent saturation Then the 
supernatant was dialysed against 0 2 mM sodium bicar- 
bonate to elimmate the ammonium sulphate, and the 
volume.of the solution was reduced by evaporating water 
under vacuum Then the concentrated solution was 
dialysed against 0 2 mM sodium bicarbonate to reduce its 
1onie strength below 002 Further dialysis against water 
acidified shghtly by carbon dioxide precipitated the 
essential component After centrifugation the residue 
was dissolved again by adding a small amount of water by 
the aid of sodium bicarbonate The protein solution thus 
obtained has all the properties of tropomyosin found by 
Baloy? m every respect: (a) the ammo-acid composi- 
tion®:11, (b) the relationship between viscosity and 10m6 
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strength*, (c) the sensitivity to trypsin digestion’; (d) 
the bindmg to F-actin measured by flow birefringence’s, 
(e) the pattern of ultracentrifuge’; the preparation 1s not 
yet completely homogeneous but only one peak 18 appre- 
ciable which undoubtedly corresponds to that of tropo- 
myosin In spite of these evidences, usual tropomyosin 
preparation according to the original method of Bailey? 
18 not effective So far, ıt 1s not yet decided whether the 
active principle is the ‘native’ tropomyosin itself or not 

The foregoing facts suggest that the calc1um-sensitive 
nature of ‘natural actomyosin’ is due to the presence of 
the active prmeipleinit As noted here, the factor 1s very 
sensitive to trypsin digestion Therefore, it 1s mteresting 
~ to know whether the nature of trypsin- 
treated ‘natural actomyosin’ would become 
similar to that of reconstituted actomyosn 
and the addition of the active principle 
would recover the previous properties of 
‘natural actomyosm’ Fig 1 shows one 
of the results along this lne They aro in 
good accordance with the expectation, 
indicating that ‘natural actomyosin’ fune- 
tionally consists of three protem com- 
ponents—-actin, myosm and the factor 
described here Essentially the same 
results were obtamed with myofibrils 

The interaction between actin and myo- 
sm in the presence of adenosme triphos- 
phate undoubtedly represents the basic 
mechamsm of muscular contraction How- 
ever, if we are interested in the physiologi- 
cal contraction of hvmg muscle, where 
calcrum-sensitive property of contractile 
elements would be of primary importance, 
the role of the protem factor mentioned 
here, which resembles tropomyosin in 
many respects, would be highly evaluated 

Details of this communication will be 
published elsewhere, 

I thank Dr K Maruyama for his invalu- 
able advice This work was supported in 
part by grants from the Rockefeller Foundation, 
RF-—60141, the US Puble Health Service, A-04810, and 
the Pharmacological Research Foundation 
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Cellulase in Tomato Fruits 


A CELLULOLYTIC enzyme that reduces the viscosity of 
sodium carboxymethylcellulose (CMC) solution was found 
in sodium chloride extracts of rme tomato fruits usmeg the 
method of Bell eż al t for determining actrvity. This 1s a 
viscometric method devised for detecting low enzyme-levels 
by measuring the change in dram time of solutions ın 
Ostwald-Fenske pipettes during a 20-h period 

Further extractions were made to compare the activity 
in the pericarp (wall tissue) and m the locular material 
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(placenta, seeds, jelly and juce) Both salt and non-salt 
extracts were made The salt extracts were prepared by 
dissolving 5 g of sodium chloride ın 100 g of the blended 
tissue, holding for an hour at room temperature, and 
centrifuging out the sohds. Non-salt extracts were pre- 
pared similarly 

In a separate set of salt extractions of the pericarp the 
activity of an aliquot held ın boiling water for 5 min 
was compared with a non-bouled portion 

The salt extracts of the pericarp reduced the drain time 
during a 20-h period an average of 370 per cent, while 
the non-salt extracts produced essentially no change 
(Table 1) However, salt had little effect on the extraction 
from the locular material, which was higher m activity 
than the pericarp The small difference due to salt with 
the locular material is probably due to the high juice 
content of this portion, which would probably contemn the 
enzyme in solution from the breakdown of the cells around 
the seeds The extracts held in boiling water were found 
to be inactive 
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Table 1 PERCENTAGE DEOREASE IN DRAIN TIE of SODIUM CARBOXY” 
METHYLOELLULOSE DURING A 20-H K EACTION PERIOD With TOMATO Froir 


EXTRACTS 
Extract Loss aoi time 
o 
Pericarp 05 
Pericarp plus NaCl 37 0 
Locular 540 
Locular plus NaCl 56 7 
Pericarp plus NaCl 38 7 
Pericarp plus NaCl, boiled 00 


These results explain why Tracy? was unable to detect 
cellulase in tomato fruits although he did find the enzyme 
in many portions of the tobacco plant and m several other 
plants He used expressed sap, which if taken from the 
pericarp only ıs shown here to be extremely low in 
activity In addition, he used a short reaction time of 
15 min, which was much too short a period to determine 
the very low activity 

The fact that a cellulolytic enzyme is present m tomato 
fruits 1s extremely umportant in studies on fruit softenmg 
since the effect of the cellulolytic enzyme must be assessed 
as well as the effect of the pectolytic enzymes 

This work was supported in part by a grant (EF--169) 
from the US Public Health Service, National Institutes 
of Health 
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Detection of Phosphorothioate Pesticides 


THE use of Gibbs’s reagent? {2 6-diıchlor-or2 6-drbrom- 
p-benzoquimone-4-chlorimine (DBQC)) for locating certain 
organic thiophosphate pesticides on paper chromatograms 
was reported by Menn, Erwm and Gordon? The reagent 
forms coloured derivatives with a variety of compounds 
m aqueous alkaline solution, but the development of a 
red colour in neutral or slightly acid conditions appears 
to be quite specific for the P—S group, certainly when 
linked with solubility of the test substance ın petroleum 
solvents The application of thm-layer chromatography 
with such a positive identification system offers the possi- 
bility of a rapid screening test for these pesticides im 
toxicological samples 

Using a commercially available silica gel/plaster of Paris 
mixture having a pH 65 (determmed as a 10 per cent 
suspension m distilled water) only a weak colour reaction 
was given with quite large quantities of various thiophos- 
phate pesticides on spraying the developed place with 0 5 
per cent DBQC in cyclohexane and heating at tempera- 
tures up to 120°C However, if hydrochloric acid is added 
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to the mrxture used to prepare the plate, to give about 
pH 4, very mtense red spots are obtamed after spraymg 
and heatmg to 100°C for 5-10 mm, the background 
remains virtually colourless at this temperature The 
colour of the spots slowly changes to orange but 1s then 
stable for several days , the red colour may be restored 
by lightly spraying the plate with water 

So far as can be ascertamed, the reaction 1s given by 
all organic phosphorothioates and phosphorodithioates 
I g produces a very distinct spot with the Immit of 
detection about 01-02 g Typical Rr values in benzene- 
1 2-dichlorethane (1+1) are methyl parathion 0 78, 
‘Delnav’ (2 spots) 060 and 053, ‘Asuntol’ 037, and 
‘Diazinon’ 0 25 

Some variation in the quantity of hydrochlone acid 
required (which can be determined by titration to pH 4) 
may probably be needed with different silica gels, although 
a two-fold excess does not seem to cause any adverse 
effect Normally 10-g silica gel G (containmg 13 per cent 
plaster of Paris) 1s stirred with 10 ml water and 10 ml 
01 N hydrochloric acid, and the plate (0 75 mm layer) 
dried at 90°-95° C for 30 mm 

A concentrated benzene or petroleum ether extract of 
crops or foodstuffs can usually be applied directly to the 
plate smce mterfermg substances (which grve dark brown 
or black stains on colour development) remam at or near 
the origin spot With petroleum ether extracts of stomach 
contents there 1s sometimes more interference, but ade- 
quate purification can be achieved by partitioning with 
acetonitrile and spotting the acetonitrile extract. 
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Oxygen Depletion of a Limited Reservoir 
by Human Conjunctiva 


AurHoucH the passage of oxygen across the tear- 
cornea interface is perhaps the best-known example of a 
direct pathway! from atmosphere to tissue, other super- 
ficial areas can also be demonstrated to receive oxygen in 
simular manner 

An ocular tissue particularly interesting in this respoct 
isthe conjunctiva A significant flux across 1ts air-exposed 
surface might not be unexpected since the maximum 
oxygen tension of 1ts endogenous‘ vessels can be no more 
than that of arterial blood, 100 mm mercury, which 1s 
corsiderably less than that of aw (155mm mercury) Also 
bulbai conjunctiva, especially ın close proxumty to the 
cornea, might serve as an oxygen pathway between the 
atmosphere ard the cornea 

To measure oxygen flux across the air-conyunctiva 
interface, a flat surfaced polarographic oxygen electrode 
(Clark type*5, membrane covered) unit, 6 mm im diameter, 
was placed in direct contact with unanesthetized human 
bulbar conjunctiva) The polyethylene membrane, fitted 
over the entire erd of the housmg served both as an 
oxygen reservoir and the limiting boundary for a thin 
layer of pH 9 borate buffer solution (0 1 M m potassum 
chloride) bathirg the platinum-reducmg electrode This 
membrane ensures good electrical stability and ıs the 
oxygen reservoir of known volume for quantitative 
analysis By usirg a 12u-thick membrane as the oxygen 
reservoir d'rectly below a 25y.-d:ameter oxygen cathode, 
the observed drop ın current ıs almost entirely controlled 
by the decrease in oxygen ters'on of the membrane and 
tissue immed ately below the cathode 

Currert from the electrode was measured with a Beck- 
man model 160 physiological gas analyser and was 
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recorded on a Sanborn model 297 recorder umt The 
time for 90 per cent response for the entire system was 
2 sec 

The electrode assembly was allowed to stabilize in wr- 
saturated isotonic saline, mamtained at 35° C, for several 
minutes before each measurement Temperature artefact 
due to coolrg of the electrode while on the conjunctiva 
was fourd to be mimumal since the polyethylene membrane 
over the platmum cathode, beirg small in volume, came 
quickly to local tissue temperatwe (35° C} as noted from 
a thermistor attached to the electrode assembly 

Fig 1 shows partial pressure of oxygen ın the poly- 
ethylene membrare plotted agaist tıme while the elec- 
trode assembly remained in contact with the conjunctiva, 
3 mm distant and 15 mm distant from the edge of the 
cornea (limbus) This figure provides data from which the 
rate of oxygen tension decrease in the polyethylene can be 
calculated These oxygen tension decrease rates can then 
be converted to ml /sec of oxygen flow from the poly- 
ethylene membrane using the Henry’s Law constant for 
oxygen ın polyethylene’, namely, 0053 ce (sre) 
cc polyethylene atmosphere Because of the relative 
thinness of the membrane compared with the diameter of 
the platinum cathode, ths flow rate is also the rate at 
which the conjunctiva, withdraws oxygen from its ep1- 
thelial cells when these cells are m contact with a limited 
oxygen reservoir, provided by the air-saturated poly- 
ethylene membrane 


Oxygen tension in reservoir (mm Hg) 
Pe ne) 





0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 


Time (sec) 


Fig 1 Reservoir mean oxygen tensions plotted against time for bulbar 

conjunctiva 3 mm (open circles) and 15 mm (closed circles) from cornea 

For comparison, similar tensions from the forearm (squares) and a 
synthetic leather surface (triangles) are given 


The best estimate of the mitial uptake of oxygen by the 
conjunctiva from this air-saturated membrane at a 
distance 3 mm from the cornea 1s 1 9 ul /em*/h’taken from 
the slope of the appropriate curve at the ongm m Fig 1 
The range due to scatter of data was 1 6-37 ul /em2/h 
Rates of uptake at a pomt 15 mm from the cornea were 
not found statistically d fferent. For comparison, similar 
measurements were taken on another air-exposed surface, 
the forearm—this curve ıs also given ın Fig 1 The 
initial rate of uptake (at onset of local clamping) for this 
surface (pO. = 155 mm mercury) was 0 55 ul Jem?;h The 
previously reported Value? for an vwo human cornea was 
4 8 ul /em2/h 

Also given m Fig 1 ıs the control response for the 
electrode when placed agamst a moist surface impermeable 
to oxygen, m this case a soft synthetic leather surface 
Oxygen consumption of the electrode was ın this way found 
to be neghgible 

Oxygen diffusion from air into the conjunctiva 18 too 
, complicated, because of the contmuous supply of oxygen 
by arterial blood and the simultaneous withdrawal by 
venous blood and tissue consumption, to be described 
by known solutions of the diffusion equations However, 
two highly over-simphified models of the air-conjunctive 
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system permit a very approximate calculation of oxygen 
flux at the air interface so that some measure of the 
vahdity of our experimental data can be obtained 

In the first model wə assume that for a few seconds after 
touching the air-saturated polyethylene membrane to the 
conjunctiva, the surface of the conjunctiva remains at 
100 mm mercury, oxygen tension (arterial blood) Drffu- 
sion theory then predicts’ a fall of oxygen tension at the 
electrode side of the membrane to one-tenth of the mitial 
tension in time equal to 0 9472/Dy, where 11s the membrane 
thickness and Dy 1s the diffusion coefficient of oxygen im 
the membiane Fig. 1 gives Dy = 3-8 x 10-8 cm?/sec 
Using this Dy we can calculate the oxygen flux across the 
membrane-conjunctiva interface for the model we have 
chosen Unfortunately, this model predicts an imfimte 
flux at zero time, but after 5 sec the predicted flux, from a 
curve given by Crank’, 1s 9 ul /em?/h, ‘after 20 sec the 
rateis 3 lul /em*/h and after 30 sec the rate 1s 1'8 ul /em?/b 
These calculated fluxes for the model are ın rough agree- 
ment with the measured initial flux of 1 9 ul /em?2/h 

A second possible model treats the conjunctiva as the 
surface of a semi-infinite medium with an mhal oxygen 
tension of 100 mm mercury then suddenly exposed at its 
surfacetoa constant oxygen tension,of l55mmmercury The 
oxygen flux per umt area is APk; \/Dz/nt, where AP 18 
the d.fference mm oxygen tension (55 mm mercury), k 1s the 
solubihty of oxygen im the tissue, Dyp 18 the diffusion 
coefficient of oxygen m the tissue, and ¢ 18 time? For 
this calculation the diffusion coefficient and solubility 
of oxygen ın tissue was assumed to be the same as ın 25 per 
cent protom solution, namely, Dp = 1 x 10-5 em?2/sec 
and k; = 21 x 10-' ml O,/ml t'ssue mm mercury The 
oxygen flux pred:cted by this calculation is 73 ul Jem?/h 
at 1 sec, 23 ul /em?/h at 10 sec, and 07 ul jom*/h at 100 
sec These values are ın reasonable agreement with our 
expolimertal value of 1 9 ul /em?/h for the muitial rate of 
oxygen. withdrawal from a limited reservoir 

It appears then that we have indeed observed the move- 
mert of oxygen into the body across two air-exposed 
surfaces, the conjunctiva and the skin of the forearm Tn 
retrospect our results are not surprismg because even mn 
the absence of oxygen utilization the oxygen tension in the 
body cannot be greater than that of arterial blood 100 mm 
mercury, ard ıs probably less The gradient between air 
with an oxygen tension of 155 mm mercury and the body 
at 100 mm mercury causes a movement of oxygen into all 
air-exposed surfaces This oxygen is probably not an 
important source for the body, except im the case of the 
correa, because 1b 18 a mmute fraction of the total supply 
needed At 2 square metres body area and our observed 
rate of 0 5-2 ul /em?2/h, there ıs only about 0 01-0 04 1./h 
moving across the aw-skm irteiface This rate may 
change at specific locations under pathological conditions 
oftheskin The flux-measurmg method we have deseribed 
may have diagnostic value in these circumstances 

This work was supported in part by US Public Health 
Service grant HE 06796 to one of us (I F ) 
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 HÆMATOLOGY 
7 Úimiting Fator i in the Assay of Aldolase 


RECENTLY, investigations were carried out on the 
Of aldolase in blood serum and plasma following 
-body irradiation’. Before starting further experi- 
o seemed necessary to deterr mine perpen the 


























: AR purpose the following investizations were carried 
ty pin Blood was withdrawn from the heart of guinea pigs 


‘One a of this. oxalated blood was hemolysed by 
ding saponin ; in another part. plasma was separated 
ntrifugation. From these two samples and from the 
xalated whole blood 1: 2, 1: 4, 1: 8 serial dilutions were 
made. In each of these dilutions and in the undiluted 
(1:1) sample, aldolase activity was determined using a 
nicam S.P.500 spectrophotometer, by the method of 
varnicky and Voluyskaya*, as modified by Ananyev 
nd Obuchova’, being based on similar principles to those 
sed by Y. A. Sibley and A. L. Lehninger‘. 

Thus, the blood samples were hemolysed before the 
de termination of activity of aldolase either by addition 
. of a ponin or simply by dilution with distilled water. 














ES Table 1 
oc oN, EE e 
Se eee ki 1:2 1:4 1:8 1 
tak Meee en — — m 38:0 
Tanai 2: m — = — | 265 
TE 3 425 25-6 11-3 6-4 | 56-8 
oe Scene | 31-9 22.0 15°2 73 | 46-0 
SR. 5 25-0 117 7i S2 | 394 
En Og 29-1 147 4-8 31 53-0 
a 7 29-5 12:5 85 27 50-5 
E 8 827 16-6 10-7 4-0 50-0 
Bes 9 27-5 16-0 9-2 3-0 40-5 
d 10 25-8 16:2 8:8 53 59-5 
2 11 29-0 15-4 77 4-9 74:5 
Bee me 22-7 97 5-0 i5 | 605 
ee eee 34-9 183 10-8 60 | 680 
p e esia 44-8 27-9 19-9 87 615 
Peres 87:4 19-0 10-0 60 | ` 
T 34-8 20-0 83 t3 | OB 
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- ALDOLASE ACTIVITY OF SAPONINIZED OXALATED BLOOD IN A DILUTION SERIES FROM 1:2 T0 1:64: 
K2 AFTER Ee ENTRIFUGATION AT 4,000 BPM, FOR 10 MIN 


a | ae 
14 ES 1:16 1:32 1:64 | Ll 3:2 14 AB 
56-0 41-8 — —~ | — 63:3 ETZ -80°9- 
49-0 80-1 20-0 a 558 542 BEO D98 
528. 32-0 156 n ! 59-2 OL0 SAF 
53-4 BGR BT a = 597. 653- — 555 
4904. B62 186 E | i WT M2 Ar 
-529 820 18-2 129 | 560 OTB OLE 
4AL2 O BBR O Bd 70 | 567 56l B ål 
ATE o 2ST 13-9 Te | 55-0 53-5 $ 
ABB ZPrG 13:9 bh f 458 44-7 4ER 
534 B27 it tl | mene 62-1 BLO 
: 


Anporase Activity. OF OXALATED BLOOD IN A DILUTION SERIES FROM L: 1 TO 1: 64: 
CENTRIFUGATION AT 4,000 R.P.M. 
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The results of these determinations show (tile n his 
degna of dilution. 
aldolase of the er ood remains anlaii, 
being independent of the degree of dilution. 

In oxalated whole blood, the aldolase activity never 
reached the activity found in diluted samples ; even the 
activity of the 1: 2 dilution was in some cases lower than 
the activity of the 1:4 and 1:8 dilutions, = =o 

This latter phenomenon. found in non-sapc niniz 
oxalated whole blood might. have its. origin 











l: 2 diluted blood samples were not entin 
before the aldolase assay. In some cases 
activity of the 1:8 dilutions—-saponiniz 
ua setae tae a moderate decrease. ae 
his  dibcreponcy $ he 











series were made from l: I to. Be 32 an 
in one part of these dilution samples aldol 


=. ee ee en 










after centrifugation at 4,000 r.p.m. for 10 min. 
From Tables 2 and 3 it can be seen that activ 
aldolase has the same value before and after cen’ 


of the diluted samples and that, beginning with the 1 : “16 ae 


dilution, the activity of aldolase of all blood samples 
decreases with the degree of dilution. Consequently, the 


ALDOLASE ACTIVITY OF (4) PLASMA, (b) SAPONINIZED OXALATED BLOOD, (c) OXALATED BLOOD IN DILUTION OF 1:1. 222, ti n Préo 








| 

h i e i 
1:2 1:4 1:8 1:1 1:2 14 Ls 
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at the isolation of Ac-globulin from bovine 
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Ta l ftor édusing the dis 


“is in the supernatant of the hæmolysed blood, and that 


n from the 1:16 dilution this factor causes no discrepancy 


between activity of aldolase and dilution. 

_ Whether the factor, limiting aldolase activity in whole 
blood, is the manifestation of enzyme. equilibria, or a 
distinct substance, is to be a subject of further investi- 
gation. 

These investigations show clearly that: (1) a factor 
liberated from blood cells by hemolysis limiting activity 
of aldolase causes discrepancy between aldolase activity 
‘and grade of dilution ; (2) the aldolase assay of Tovarnicky 


= and. Voluyskaya as modified by Ananyev and Obuchova 
_. giving reliable results with blood serum and plasma 


| cannot be applied to whole blood. 
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Fundamental Function of Ac-globulin and 
Lipid in Blood Clotting 


Ever since the last century when Alexander Schmidt 
introduced the idea that the clotting of blood 
can. be due to a fibrin ferment whi¢h he 
< named thrombin, efforts have been made to 
understand how this enzyme arises from 
prothrombin. He already had the view that 
lipids are concerned, but never knew about . 
Ac-globulin, which is a plasma constituent 
important for the generation of thrombin 
activity in association with lipids. 

_ For the purpose of finding out more about 
the way Ac-globulin and lipids function, 
work in this laboratory has been directed 


plasma. Even though this endeavour has 

- received constant attention since 1947, we 
still eannot describe a procedure for obtain- 
.. ing the Ac-globulin as pure as desired for a 
plasma protein. It is a labile substance. We 
however, achieve 1,000-fold  purifi- 


Fig. 1. 






by. the criteria of- immuno-chemistry and the ultra- 
centrifuge (Fig. 1) the product is mainly Ac-globulin 


and hence very useful for kinetic investigations. Mean- 


while thrombin has been purified'. A second enzyme was 
found in prothrombin®? and obtained in pure form‘ 
(Fig. 1). The substrate, prothrombin, has been available 
in this laboratory as a purified protein for many years® 
(Fig. 1). With methods of analysis and the strategic 
proteins (Fig. 1). namely, prothrombin, thrombin, 
wutoprothrombin C and Ac-globulin, it was possible to 
perform some instructive experiments. 

We have come to the conclusion that the conversion of 
prothrombin to thrombin is fundamentally an auto- 
catalytie process in which either enzyme from prothrombin 
may be the catalyst. The Ac-globulin alters the substrate 
specificity of the enzyme so that there are different 
degradation products of prothrombin when Ac-globulin is 
present from where it is absent. The lipids are non- 
specific in their function and aceelerate the complex 
interactions of the enzyme with substrate. 

Considering the experimental facts, the simplest mix- 


ture of two proteins was autoprothrombin. O and pro- The same: 
thrombin. The prothrombin became changed to auto- | 


prothrombin I (ref. 6). With the same solvent, which 


crepancy hetwiean botivity o of aldolase "e | 
d degree of dilution is not bound to the stromata but thrombin 0 
IT (Fig. 2). “Each 













of th exe. end- produc! Si } Ka 
which we have isolated as a single component Now when 
crude cephalin, as commonly prepared’, was. also added. to 
the prothrombin + autoprothrombin | C+ Ae-globulin + ~ 
calcium ions, the products of the reaction remained the = 
same, but the rate at which they appeared depended on 
the concentration of lipid used (Fig. 2). Under suitable A 
conditions the yield also increased. E 
These ideas can be represented by the TORERE equa- an 
tions: o 








calcium ions  — 
: autoprothrombin € 


prothrombin =-=- -> autoprothrombin I 





calcium ions 
Ac-globulin 
autoprothrombin O 


prothrombin -=== 


thrombin. 








+ 
autoprothrombin III 


calcium ions 
Ac-giobulin 
autoprothrombin C 
, lipid 
prothrombin =- 


thrombin 
> ca 
autoprothrombin ITT 
(rapidly) 





The quantities of Ac-globulin, autoprothrombin G, ` 
and lipid in relation to the prothrombin were also varied . 
in all kinds of proportions, including those in which com- 





Ultracentrifuge patterns of purified bovine prothrombin deft), Ac-globulin 
locity, and autoprothrombin © (right) after 96 min in a ‘Spinco’ model Æ ultracentrifuge 
at 50,740 r.p.m. at 20° C., 


Concentration of protein was 10 mgjml. We thank Dr. Charles aE ie 
R. Harmison for help in obtaining the ultracentrifuge data — 5i. pe 
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a ctivation of the substrate occurred in only a few 
In a typically slow activation, such as the top 
i the ug proportions of prothrombin to auto- 
rombin C, to Aec-globulin and to lipid were respec- 
500 : 100 : 50: 125. 
ar to circulating blood, where prothrombin, 
ulin, and calcium ions are side-by-side in the 
medium, they can be together as concentrates in 
ubes without changing. The enzyme autoprothrom- 
‘does, however, use prothrombin as a substrate and 
des it to autoprothrombin I. The Ac-globulin changes 
the specificity of the enzyme and prothrombin becomes 
i thrombin + autoprothrombin IIL instead of autopro- 
thrombin I. The lipid does not change the basic events but 
alters the rate at. which the enzyme does its work. Lipid 
-< presumably presents surface interfaces in terms of hydro- 
philic and hydrophobic structures. Orientation of the 
protein molecules occurs. The power of the lipid in terms 
_ of the rapidity of the reaction is really very impressive. 
Each component, be it calcium ions, lipid, autopro- 
_ thrombin C, or Ac-globulin, has its purpose and function. 
What then can be a descriptive term for the function of 
Ac-globulin ? We think the best one introduced thus far 
< was by Ware, Murphy and Seogers®, who called it a ‘co- 
- autoeatalyst’. This is what it is in the sense of autopro- 
thrombin C coming from prothrombin and catalysing the 
conversion of prothrombin to thrombin provided Ac- 
< globulin is there. It cannot properly be called a coenzyme 
_ since these generally are small molecules and Aec-globulin 
: is & protein. 
i Landaburu and Seegers’ stressed their concept of the 
_ importance of thrombin in the conversion of prothrombin 
to thrombin. We have also performed many experiments 
_ with that enzyme. The general perspective is the same 
as with autoprothrombin C. First, the simplest combina- 
tion of thrombin and prothrombin yields autopro- 
_ thrombin II (with autoprothrombin C the product is auto- 
_ prothrombin I): Then by adding Ac-globulin the enzyme 
Specificity changes and the mixture of prothrombin + 
 ealcium ions + thrombin + Ac-globulin yields thrombin 
and autoprothrombin TII. The further addition of lipid 
does not alter the reaction products, but speeds up their 
_» vate of formation and under appropriate conditions may 
-increase the yield. Thus, either enzyme from prothrombin 
_ functions in autocatalytic events and Ac-globulin is the 
 eo-autoecatalyst.. 
_. This work was supported by a grant HH#~-05141-03 from 
the National Institutes of Health, U.S. Publie Health 
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PHARMACOLOGY 


Site of the Vascular Reponse to Thermal Injury 


THE increase of vascular permeability in response to 
a number of types of mild injury—inecluding thermal 
injury——is biphasic, consisting of a transient immediate 
phase, usually lasting 20-30 min, and a delayed phase 
which comes to a maximum several hours lator", The 
alteration of a vessel wall is demonstrable. in animals 
with carbon particles or a vital dye in the circulating. 
blood: in one case the carbon is deposited between the 
vascular endothelium and the basement membrane unde: 
it; im the other, dye-stained plasma exudes to 
surrounding tissues. Majno et al.*5, applying 
methods to the rat cremaster muscle, horel rein thal 
venules and fine capillary vessels were readily distinguis 
able by their characteristic distribution and size, and : 
that, according to the type of injury, venules alone or- 
both venules and capillaries might be affected. We used 












Majno’s technique to locate the site. of vascular ehange 


during the response to mild thermal injury. A heated — 
copper disk 9 mm in diameter, as used by. Wilhelm and 
Mason’ in their investigation of thermal injury to the | 
dorsal skin of the rat trunk, was applied to the scrotal skin. 
The permeability responses of the cremasteric vessels 
were similar to those of the dorsal skin. Since, however, 
the heat had to penetrate the full thickness of the scrotum, — 
they were less intense for æ given disk temperature, and — 


they varied more widely in repeated tests because of the — : 


varying thickness of the scrotum, not only from animal 
to animal, but also as a result of unavoidably differing 
degrees of stretching of the skin during heating, As in the- 
vessels of the trunk, short axposures of 5-10 sec at 54° C 

in animals under light anzsthesia induced only the imme- 


diate response, involving vessels over the whole of the = 


heated area; whereas longer exposures, 40-60 sec, induced _ | 
an immediate response, often confined to. the ei 








application the sooner was the onset of the delayed phase. 
Fig. 1 records the biphasic time-course of the response : 
to 54°C for 40 sec in the cremaster muscle. Either 
eee blue (65 mg/kg) or ‘Pelikan’ ink, 1-0 ml./ke, 
after partial clearance by centrifugation for 30 min at 
8,000g, was given intravenously when the thermal lesion 
had reached the desired age. Each point on the graphs 
represents the mean response in at least three animals. 
The exudation of dye was estimated by inspection as a 
percentage of the maximum blueing obtainable with the. 
disk at 54°. The deposition of carbon in the vessels 
was determined by examination at a magnification of 18 
times, and its amount estimated as the percentage of | 
vessels affected, in terms of the total number of vongole : 
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Proportional response 
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es of 
the heated area, followed by a delayed response involvirg 
vessels over the whole area. Moreover, the longer the oe 











-i of each class per unit area revealed by filling all the 


vessels with an ink-gelatine mixture. 


Gand V in Fig. 1 refer to the deposition of carbon 
in capillaries and venules respectively. The permeability 
(P) increase is biphasic, and the two phases are strikingly 
and unequivocally distinguished by the site of vascular 
damage; in the immediate phase it is venular, in the 


E l delayed phase it is capillary. The lag between the venular 


damage as revealed by carbon and by exudation of dye 
is noteworthy, and is under investigation by a more 
detailed analysis of this early phase. A similar but 


a smaller series of tests on the skin of the trunk of mice, 


‘in which Prof. L. Kreyberg’s strain of hairless (hrhr) mice 
were used to facilitate application of the disk and sub- 
sequent observations, gave analogous results—an imme- 
diate monophasic response to 54° for 5 sec, associated 
with venular deposition of carbon and a biphasic response 
to 54°C for 20 sec. As in the rat, the immediate phase 
was venular; and in the delayed phase, capillary damage 
predominated. This clear distinction between venular 
and capillary damage was first observed by Majno’, after 
local application of agents—such as heat, organic solvents 
and acids—capable of injuring the vascular wall directly. 
In the lesions induced by each of these agents there was a 
central area in which capillaries and all other vessels were 
damaged (direct injury), and around it a ring of venular 
damage, which he attributed to secondary liberation of 
endogenous permeability factors, such as histamine 
(indirect, or mediator-induced injury). 

The importance of these observations is two-fold. 
First, the cremaster technique, and that with hairless 
mice, offer a means of distinguishing the sites of vascular 
damage in many forms of injury. We have briefly tested 
a number of bacterial toxins and living bacteria. All 
induced a venular followed by a capillary phase, and with 
some there was in addition a persistent involvement of 
numerous small veins (not venules) during both phases. 
In Dr. Majno’s laboratory, Dr. Cotran (personal com- 
munication) has obtained essentially the same results. 
Secondly, the demonstration that the major, delayed 
phase of increased permeability may be associated with 
purely capillary damage raises doubts about the participa- 
tion in that phase of some of the endogenous permeability 
factors proposed as mediators of inflammation’ *. In Dr. 
Majno’s hands and ours, histamine, serotonin, brady- 
kinin, globulin PF (ref. 8) and lactic acid induce venular 
changes of short duration. None of these substances, in 
gome instances even when injected repeatedly, induced 
the capillary change that characterizes the delayed 
permeability phase of thermal injury. There is clearly 
at least a prima facie case against their participation m 
this phase of the vascular response to injury. 
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PATHOLOGY 


Thalidomide and Neoplasia 
Earty in 1962 Prof. Alexander Haddow suggested 
that we should test thalidomide for carcinogenicity. 
Accordingly, 20 male mice of the Chester Beatty stock 
strain were injected subcutaneously in the flank once 
weekly with 15-mg thalidomide suspended in 0-2 ml. 





Fig, 1. 


Sarcoma penetrating voluntary muscle in a mouse injected 
repeatedly with thalidomide suspended in arachis oil a 
arachis oil. A similar number of mice was injected wol 
with arachis oil only and a further group left untreated. 
Injections of thalidomide were stopped at- 57 weeks (total 
dose of thalidomide = 855 mg), but injections of arachis 
oil were continued for 90 weeks. 

At the time the injections were stopped in the 
thalidomide-treated mice rapidly growing masses were 
observed at the injection site in two of the five surviving 
mice. One of the tumours proved to be a moderately 
woll-differentiated spindle cell sarcoma and the other 
a more anaplastic sarcoma (Fig. 1). The latter was 
transplanted subcutaneously into five mice of the same 
stock strain: the transplants grew progressively in three. 
The mouse which bore the more anaplastic tumour also 
had an adenomatous tumour of the lung. No tumours 
were seen in the 15 mice which died prior to the fifty- 
seventh week, nor in the remaining three mice which 
survived beyond that time. One mouse in this group is 
still alive. No injection-site tumours have arisen in the 
arachis oil-treated controls, eight of which survived 
beyond the fifty-seventh week, and three of which are still 
alive. Two mice in this group were found to have both 
malignant lymphoma and parenchymal cell hepatomas 
at post-mortem; such neoplasms occur not infrequently 
in untreated mice of the same strain. Fifteen of the 
untreated controls died prior to the development of the 
first injection-site tumour ‘in the thalidomide-treated 
group; two with malignant lymphoma. No other neo- 
plasms were seen in these mice, four of which are still 
alive. 

As part of another experiment designed for a different 
purpose, one male and two female mice were injected 
subcutaneously daily for seven days each week with 7-5 mg 
thalidomide in 0-1 ml. arachis oil until they had received 
a total of 220 injections (total dose of thalidomide = 
1-65 g). During the eleventh month one of the females 
develcped a spindle cell sarcoma at the injection site. 
The remaining two animals developed no tumours and 
were killed at 12 months. ae 


While we are confident that the three injection-site— 





sarcomas seen, in these experiments may reasonably be | _ 
attributed to thalidomide treatment, we stress that the 
carcinogenic effect is very weak. Despite the injection — 
of very large doses the incidence of tumours was low 
and the induction-time long. Furthermore, we point out 
that the method of administration was not that. used 
when thalidomide was used pharmaceutically. This com- 
munication is presented solely because it is felt that our 
observations may have some basic importance an 
implications. There is no case for extrapolating tl 
ings to the human situation, and no reason to susp 
that thalidomide administered orally in much lower doses, 
or acquired via the placenta, has any influence on the _ 
likelihood ef developing neoplastic disease. Fa 
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There ıs another cogent reason for doubting the bio- 
logical significance of the experimental :esults presented 
here Certain types of biological activity, m addition 
to teratogenicity!, are commonly found m association with 
calcimogenicity, particularly antimitotic activity, tumour- 
inhibitory activity, and mutagemeity If thahdomide 
possesses such actrvities 1t does so only m small degree 
The suggestion that thalidomide may possess tumour- 
inhibitory actavity®? met with negative results m prac- 
tice Bach et al 4 saw no inhibition of two transplantable 
mouse tumours, and, at the Chester Beatty Institute, we 
saw no mbibition of growth of the transplantable Walker 
rat carcinosarcoma 256 m response to thalidomide ad- 
murustered orally or mtraperitoneally ın repeated large 
doses Roath eż al ®* observed “an mhibition of some 
aspects of cellular activity” m leucocyte cultures exposed 
to thahdomide, but the significance of their findings has 
been disputed’? Luers® found no evidence that thalidomide 
causes mutations in Drosophila 

This investigation was supported by grants to the 
Chester Beatty Research Institute (Institute of Cancer 
Research Royal Cancer Hospital) from the Medical 
Research Couneil, the British Empire Cancer Campaign, 
the Tobacco Research Counet, and the National Cancer 
Institute of the National Institutes of Health, U S Public 
Health Service 
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IMMUNOLOGY 


Template Requirement in the Primary 
Antibody Response 


In most considerations of the role of the antigen m 
antibody formation the assumption ts made that a tem- 
plate ıs either formed or activated A template, by 
definition, is asystem whereby many replicas are produced 
The need for a template is based largely on the secondary 
response in which large quantities of antibodies are pro- 
duced in response to small quantities of antigen over a 
long period of time This, indeed, does appear to require 
a template I wish to question whether the mformation 
available indicates that primary antibody formation 
requires a template 

In earlier papers'“, we have discussed quantitative 
aspects of the antibody response In one of these papers? 
a graph was constructed relating antigen dosage to anti- 
body response for diphtheria toxoid and pohovirus m 
man ‘The secondary responses showed much more anti- 
body formed than antigen admimistered 10-!? moles of 
diphtheria toxoid/kg produced about 10-* moles of antı- 
toxin/l while 10-1 moles of poliovirus/kg produced about 
10- moles of antibody/l The primary responses were 
in marked contrast to this 10-* moles/kg of toxoid pro- 
duced about 10-* moles of antitoxin/] and 10-4 moles/kg 
of pohovirus produced about 10- moles of antibody /l 

It is true that serum protem antigens do not appear 
to follow this pattern For example, rabbits given a 
primary imtravenous injection of 8x 10-8 moles/kg of 
bovime-y-globulin produced 6 x 10-8 moles/l. of antibody4 
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Similarly, chickens given 2x 10-7 moles/kg of bovme or 
human-y-globulin produced respectively 2x10-5 and 
1x 10-5 moles/l of antabody while 4x 10-7? moles/kg of 
bovine or human albumin produced 2x 10-5 and 1x 10-5 
moles/l of antibody’ In all these cases the amount of 
antibody formed 1s approximately two orders of magnitude 
greater than the amount of antigen grven It should be 
stressed, however, that serum protems given as single 
injections are always used im considerably larger doses 
than are antigens of microbial origm ‘This raises the 
question as to whether a primary response is being 
measured or a combination of primary and secondary 
responses The latter concept gains some support from 
the fact that a secondary response to bovine-y-globulin 
is only about twice the primary response‘ 

While such calculations cannot be precise, 16 1s difficult 
to beleve that two antigens used ın very different amounts, 
of different origins and of different antigenicity should 
both produce m the order of 1 molecule of antibody for 
1 molecule of antigen as a purely accidental phenomenon 
If on primary mmmunuization this 1s true, then a template 
need not be postulated Whule direct use of the antigen 
for a single moulding of antibody ıs attractive, this appears 
inconsistent with presont-day knowledge of protem syn- 
thesis mediated by RNA The clonal selection theory sees 
antigen as playing a purely stumulatory part m the replica- 
tion of lymphoid cells already producing the specific 
antibody It 1s difficult to see how this would be consistent 
with a1 1 ratio of antigen and antibody 
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Active Immunization of a Human Being 
against Cobra (Naja naja) Venom 


BECAUSE of the complexity of venom protems and their 
great local and systemic efects, active immunization has 
been confined to animmals utilized in the production of 
commercial antivenins In work recorded here, the 
feasibility of a safe and practical method of immunization 
of man against snakebite has been explored 

Parrish and Pollard! found that mmunity agaimst the 
effect of snakebite did not exist among 14 human sub- 
jects, each of whom had been bitten twice or more by 
crotald snakes However, the development of a persistent 
immunity might not be anticipated in this group because 
envenomation occurred from 2-year to 14-year intervals, 
and the members of the group were also treated with 
antrvenins following snakebite The first observation of 
active upnmunization against snakebite was reported by 
Haast and Winer? A subject (human) was given re- 
peated myections of crude cobra venom over a period 
of 25 years A maximal myection of 40 mg of venom 
was tolerated, this quantity of venom ıs lethal m the 
absence of immunity Immunological tests were not per- 
formed with the serum or globulm to determine the 
degree of protection afforded by these injections, but 
the 40 mg mmumzing dose of venom he tolerated 1s 
significant 

Wiener? described m one human subject the titre 
rise and persistence effecsed by repeated myections of 
Austrahan tiger snake venom This subject survived the 
bite of a snake of this species with httle difficulty sub- 
sequent to his mmmunization 

In this laboratory, ın an attempt to measure the 
development of neutralizing antibodies, a human subject 


1018 
Table 1 
Days 0 6 10 14 
Dose 0 050 mg 0 100 mg 0 150 mg 0 500 mg 
Days 54 61 72 86 
Dose 2 mg 4 mg 6 mg 8 mg 


was given 17 mjections contamimg increasing amounts 
of Indian cobra (Naja naja) venom. Venom solutions 
were passed through a ‘Millipore’ filter and then added 
to an equal volume of a 4 per cent sodium alginate 
adjuvant (Colab Laboratories, Box 66, Chicago Heights, 
Ilinois) The 17 injections were given over a period of 
five months (Table 1) 10 ml of blood was withdrawn 
from the subject after the fourth, seventh and tenth 
mjections 500 ml of blood was withdrawn after the 
eleventh imyjection and 1 litre after the seventeenth 
Globulns were separated from serum by ammonium 
sulphate precipitation, and the antivenin titre was 
determined by neutrahzation of Naja naja venom m 
18-20 g Swiss mice Identical neutralization tests were 
conducted by a commercial laboratory (Table 2) 


Table 2 DRIED GLOBULIN RESTORED TO FLUIDITY 1G PLUS 80 006 
DILUENT FOR ANTIVENIN No 349207 

Venom, LD., 168 mg (1 EDs, = 0 00595 mg) 

Neutrahbzation Globulin versus venon 


1 ce of human globulin solution as prepared here 
s neutralizes 36 LD. cobra venom (0 244 mg neut fce) 


The results of this work show a development of active 
mmunization agamst cobra venom 1 ml of the globulin 
solution neutialzed 30 mouse LD,,’s (0 244 mg venom) 
Since ıt required 100 ml of whole blood to produce 1 g 
of the crude globulin, ıb 18 estimated on a blood volume 
basis that 40 g are present in the subject’s circulation 
This circulating globulin alone, therefore, should neutralize 
a dose of 100 mg cobra venom Thuis calculation does 
not take into account the extravascular globulins present 
in the area of envenomation, which themselves are 
eapable of venom neutralization 

The subject receiving cobra venom was under observa- 
tion by a physician Periodic blood and blood chemistry 
examinations were conducted to determme possible 
pathological conditions arising from the injections Exam- 
ination of the subject durmg and after the injections 
indicated the absence of pathological response to the 
venom. except for local swelling and pain, which persisted 
from one to three days in the area of injection For a 
2-week period after the fifteenth mjection of venom the 
subject’s blood pressure was elevated slightly 

The potential advantages of active immunization of 
man against envenomation have been recognized for many 
years The presence of locally necrotizing enzymes m. 
some venoms still presents a formidable obstacle How- 
ever, in venoms with little or no local toxicity ıt appears 
that man may be safely immunized 

I thank Wyeth Laboratories, Marietta, Pennsylvania, 
for their assistance in neutralization tests described here 
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RADIOBIOLOGY 


Czsium-137 Content of Fresh-water Fish 
in Finland 


INVESTIGATIONS of the diets of the Finnish Lapps!? 
have revealed that fish 1s the second mmportant source 
of radiocesium for several Lapp groups Unexpectedly, 
high radiocesium values, especially ın pike, were obtained 
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IMMUNIZATION SCHEDULE OF HUMAN SUBJECT 


20 27 33 40 47 
0 250 mg 0 350 mg 0 500 mg 0 750 mg 1mg 
100 30-day rest 138 130 145 
10 mg 30 day rest 6 mg 8 mg 10 mg 


in the first analyses of Lapland fish? Therefore ıt seems 
important to carry out substantial research on the hydro- 
spheric chams of fall-out nuchdes both m Lapland and 
other parts of Fmland In the followmg the results of 
our fish analyses up to the present tıme are briefly re- 
ported These include analyses of cæsıum-137 and potas- 
sium in 23 samples of fish from the Fmnish Lapland and 
a number of samples from 2 lakes ın southern F'mland 

The fish were caught durmg the period 1961-63 The 
main part of the samples, 21 ın number, were taken from 
Lake Inarı (28° E, 69° N), one sample from the Kemi 
river (24° E, 66°N) and one from the Nakkala 11ver 
(24° E, 69°N) The samples taken for comparison are 
from southern Finland, from the Pyhajarvi (23° E , 61° N } 
and Nasiaivi (23° E , 62° N ) lakes, and were caught m 
the spring of 1963 In addition, we have analysed 3 fish 
samples from the Varanger fjord on the Arctic Ocean 
(30° E , 70° N ), caught m May 1962 At the fishing place 
the fish were weighed and thew lengths were measured 
After this the entrails and heads were removed and the 
fish were soaked ın formaln so as to preserve them 
Later a scale sample was taken for age determina- 
tion Also, the ‘teeth’ of the gill arches of the whitefish 
were counted in order to determine the subspecies The 
fresh weight of the samples was usually 1 5-2kg The fish 
were dred at 100°-110°C They were ground and their 
activity was measured in a cylindrical plastic contaier, 
the diameter of which was the same as that of the crystal 
on which it was placed The volume of the contamer 
was 051 

The 512-channel pulse-height analyser was made by 
the Finnish Cable Works, and Harshaw’s 3 ın x5 in 
sodium 1odice crystal was used The calibration of the 
system for the determmations of casium-137 was made 
with a Radiochemical Centre standard solution CDR 
4 2/11/60 For the potassium calibration Merck’s 
potassium chloride was used In the cesium-137 
range (0 60-0 72 MeV) the sensitivity was 13 9 c pm /ne. 
and in the potassium range (1 38-1:56 MeV) 7 38 cpm /g 
potassium The corresponding backgrounds were in the 
cesium-137 1ange 290 cpm and in the potassium range 
149 cpm The potassium correction in the cesium-137 
range was 026 cpm /g potassium The lead shield used 
for the reduction of the background count was 12 em thick 
The system was calibrated for the density 1 0 and the con- 
rection for the variation of the density was 3-4 5 per cent 
Each sample was measured for 1 h and ın the cesium-137 
determinations the value of 20 varied, as follows When the 
cesium-137 content was 0 1 ne /kg (fresh weight) 20 = + 
14 per cent and when the cesium-137 content was 5 0 
ne /kg (fresh weight) 205 = + lper cent In the potassium 
determination 2c was about +6 per cent The results of 
the measurements are presented ın Table 1 The samples 
taken in January 1962 were analysed at Lund? 

An examination of the Lapland samples reveals that 
the ces1um-137 content of various fish species vary rather 
much (0 6-6 ne /kg) If the samples are divided into two 
groups on the basis of thew activity usmg 2 ne fkg as 
the dividing line ıt will be noted that the fish contammg 
more than 2 ne /kg are fish of prey and that the low 
activity group includes only grayling and whitefish, which 
feed on insects, msect larvæ and plankton 

Several sub-species of whitefish are distinguished ın 
Lake Inan, three species of which were analysed separately 
(Table 2) Considerable inconsistency prevails regarding 
the Latin names of these sub-species Those used m 
Table 2 were given by Jarvi® For the C fera Jurf 
wnarensis Jarvi the name O pidschian Gmelin is also used 
The samples were taken in July 1962 
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Table 1 CÆSIUM-137 BURDEN OF LAKE FISH IN LAPLAND 


When caught 


(month-year) Where caught Fish species 


Sept °61 


3 a Kemijoki 
an ’62 


Inarı 
K zs i Whitefish (Coregonus lavaretus) 
May *62 ji Perch (Perca flumatihs) 

Be tee Whitefish 
July *62 Brock trout (Salmo salvelinus 
salvelinus) 


ere 
Lake trout (Salmo trutta lacustris) 


Pike (Esox lumus) 
Pike 


2 


ike 
a ar a ia vulgaris) 


‘ij Whuitefis 
Nakkalanjoki Brown trout (Salmo trutta fario) 
Inari Pike 
y , Lake trout 
`š Grayling 
jj Whitefish 
A Lake trout 
Arctic char (Salmo salvehnus 
alpinus) 
Brook trout 
Whitefish 


Table 2 CÆSIUM-137 (Nc /KG FRESH WEIGHT) IN THREE SUB-SPECIES OF 
WHITEFISH FROM LAKE INARI, JULY 1962 


Average no of 


gli arch teeth Average Cæsium- 


(a) acc to (6)m age 37 
J sample (yr) (ne fkg) 
Coregonus fera Jur f narensis Järvi 
(‘Jokisuka’) 21 6 22 0 5 0 57 
Coregonus wartmanns BIE borealis 
Järv: (‘huka’) 331 320 6 0 95 
Coregonus holsatus Thien f narensta 
Järv: (Lehtisiuka’) 24 0 243 7 134 





Cxsium-137 


Coesium-137 (ne /kg 
ne /g potassium 


Potassium (g/kg 
fresh weight) 


fresh weight) 
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their food intake even though a smaller part may come 
directly from the water through the mechanism in the 
gills which regulates the salt balance Also, 1t seems 
plausible that the high cæsıum-137 contents found m the 
fish of prey ın the two lakes of humus-type is due to a 
food cham humus—zooplankton-——small fish—big fish 
Age determinations were made of 22 fish samples dealt 
with here No clear correlation between the age and 
the cxesium-137 content of fish of the same species could 
be observed Fresh-water fish have been analysed smee 


Table 3 CSIUM-137 IN FISH CAUGHT IN THE ARCTIO OCEAN AND LAKES IN SOUTHERN FINLAND 
ha a aa oe I oe ae ett sh nt tie eS a ls 


When caught 


Cæsum-137 (ne /kg 


Potassium (g/k 
fresh weight) ht) 


Czestum-137 ne jg 
fresh weight) 


potassium 


er er ett | iS | aen ae e i HE | p oa raae gene 
ae aeee eea e ee Renee aA e I ere re eee Tne 


{month-y ear} Where caught Fish species 
May '62 Arctic Ocean Salmon (Salmo salar) 
Varanger Fjord 
ao i si Halibut (Hippoglossus vulgaris) 
E ‘5 Cod (Gadus callarvas) 
Nov 62 Nasyarvl Bream (Abramis brama) 
Feb 63 si Perch-pike (Lucwperca santia) 
a we i Burbot (Lota vulgaris) 
re n” ” Pike 
o> an i Whitefish 
a hip Pyhajarvi } oach (Leuciscus rutilus) 
3 oe >? Pike 


Ide (Leuerceus dus) 

Silver bream (Abrams farenus) 
Burbot 

Bream 
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The results show a tendency in the direction of dummuish- 
ing activity when the feed changes from plankton to 


bottom animals In general the activity of the whitefish 
unambiguously seems to have risen during the year 1962 
An analysis of the activity of pike and trout also supports 
this fact 

If the Lapland samples are compared with Arctic Ocean 
samples (Table 3) there 1s a clear difference between the 
cesium-137 values The activity of the Arctic Ocean 
samples is only about 1/20th of that of the Lapland 
samples It also seems that the cæsıum-137 values of the 
fish ın southern Finland are somewhat lower than ın Lap- 
land So far as the samples from southern Finland are 
concerned, however, comparison 1s difficult for the reason 
that the Nasyarvi and Pyhajarv1 samples represent quite 
different levels of activity For example, if the czesium-137 
activities of fish of the same species, burbot and pike, are 
compared in the two lakes, 8-10 times higher activities 
are observed in the Nasiarvi samples These two lakes 
are reported to represent two different lake types, Nası- 
jarvi bemg a humus type of lake, Pyhajarv: a low-humus 
‘rich’ lake Hume acids are weak cation exchangers and 
some limnologists consider them to represent an important 
dietary item for the zooplankton It thus seems that 
the fish get the main part of their radiocesium through 


1961 for radionuchdes m Sweden too. with results of a 
similar typet 
The results presented here will form a basis for the 
planning of more comprehensive studies of the cesrum-137 
content of fish m which attempts will be made to clarify 
the enrichment chains of cesium-137 from the water 
through plankton and bottom animals to the fish 
Limnological advice by Dr Remo Ryhanen and aid in 
acquiring some of the fish samples by Mr Jorma Torvonen 
are gratefully acknowledged The age determinations were 
made by Mr Laur: Peippo 
This investigation was suppoited by a grant from the 
Finnish Atomic Energy Commussion and by scholarships 
to one of us (E H ) from the Suomalamen Tiedeakatemia 
and the Nulo Helander Foundation 
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Liberation of Extracellular Nitrogen by Two 
Nitrogen-fixing Blue-green Algae 


IN a previous communication? it has been shown that 
certain nitrogen-fixing blue-green algae isolated from 
marine environments hberate appreciable quantities of 
fixed nitrogen mto the medium during healthy growth. 
This feature has been observed for many blue-green algae 
by other workers*-* and investigations on the production. 
of extracellular nitrogen have also been carried out®-? 
This communication provides information on the relation- 
ship between growth and lberation of extracellular 
nitrogen by the two nitrogen-fixing species Nostoc ento- 
phytum and Calothrix scopulorum, and on the nature of 
the extracellular products 

The strams utilized were those used in previous investi- 
gations'’® and were available in pure culture ‘The corre- 
lation between growth and hberation of extracellular 
material was investigated by growing the algae ın nitrogen- 
free medium under conditions which, apart from a more 
vigorous air supply (3 5c c /flask/sec) and higher tempera- 
ture (mean 27°C), were sumilar to those described else- 
where!, The rate of production of extracellular nitrogen. 
was studied over a 24-day period, the nitrogen liberated 
bemg determmed at 4-day mtervals by collecting the 
contents of triplicate flasks and obtamnmg nitrogen® and 
dry weight? data Alga and medium were separated 
through a bacteria-proof filter and the algal filaments 
gently washed twice with distilled water, the washings 
bemg added to the filtrate The results obtained are 
presented ın Fig 1 It 1s evident that vigorous fixation 
of nitrogen by both species occurred during the exper- 
mental periods and microscopic examination revealed no 
unhealthy filaments Thus, the extracellular nitrogen did 
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Fig 1 JLaberation of extracellular nitrogen by Nostoc and Calothrix 

A represents total nitrogen flxed , B represents nitrogen liberated during 

preceding 4-day periods as percentage of total nitrogen fixed during 
same period , C represents mean extracellular nitrogen 
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Fig 2 Iaght absorption by Nostoc filtrate (A), Calothriz filtrate (B), 
artificial sea-water (C) 
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not appear to be due to cell autolysis Both algae show 
a high initial exudation rate, which with Calothrix de- 
creases with age up to the 12~16-day stage and thereafter 
markedly creases The pattern of exudation by Calothrix 
is very simular to that recorded for Anabaena‘, and while 
Nostoc showed no latter mcrease m extracellular nitrogen 
it 1s possible that had the experiment been contmued 
further an increase would have occurred 

It has been recorded by other workers? that filtrates 
from several species of algae, none of which was blue- 
green alga, show high absorption of ultra-violet ight and 
thus for comparison data were obtaimed on light-absorption 
m the range 220-680 my by filtrates of the algae under 
investigation Readings were carried out on a Unicam 
S P 500 spectrophotometer (220-360 my) and Unicam 
S P 600 spectrophotometer (360-680 my). It was not 
possible with the particular mstrument used to record 
absorption below 220 mu The results obtamed on 
absorption in the range 220-360 mu by 24-day-old 
filtrates are presented ın Fig 2 These show that maximum 
absorption both by the artificial sea-water medium used 
and by the algal filtrates occurs m. the ultra-violet region 
and that absorption by the filtrates 1s much greater than 
by the sea-water medium alone The absorption spectra 
obtained are very simular to those of natural sea water 
and filtrates of various other algae’*, suggesting that the 
shape of the absorption curves of natural sea water may 
be due partly to the extracellular products of algae and 
other micro-organisms In the region 360-680 my absorp- 
tion by the filtrates decreased with mecrease m wave- 
length while an overall increase ın absorption occurred as 
the cultures aged 

Analyses of medium from 24-day-old cultures for the 
presence of amimo-acids were carried out, as 1t has been 
shown that these substances form an appreciable part of 
the total nitrogen liberated by blue-green algae, where 
they are present ın the free state’® and ın the form of 
peptides® After desalting the filtrates™ they were con- 
centrated wm vacuo and apphed before and after hydrolysis 
to two-dimensional paper chromatograms and the amino- 
acids estimated semiquantitatively!* The results showed 
that, for Calothrex, alanine, threonine and leucine were 
present in largest quantity together with traces of aspartic 
acid, glutamic acid, phenyl-alanine, serine, glycme and 
proline After hydrolysis the same amino-acids and also 
valine were present but m very much higher quantities, 
alanine, glutamic acid and leucine being most abundant 
In Nostoc filtrates the basic ammo-acids and threonine 
were most abundant while there were traces of aspartic 
acid, glutamic acid, serme, alanme and glycine In the 
combined form these ammo-acids increased substantially 
in quantity, glutamic acid, threonme and the basie ammo- 
acids bemg most abundant, while leucme and valine, which 
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were not present in the free state, were detected There 
appeared to be httle qualitative or quantitative corre- 
spondence between the amino-acids liberated by the two 
species, and there 1s evidence’ that the production of 
extracellular nitrogen may vary according to the conditions 
of growth 

These results suggest that the nitrogenous substances 
liberated by the foregoing algae may be of biological m- 
portance in Nature for ıt has been shown that many 
micro-organisms utilize ammo-acids as nitrogen sources 
while others require amino-nitrogen for growth Droop 
has shown, for example, that the cryptomonad Hemiselmzs 
verescens, from the same locality of seashore as the algae 
under consideration, 13 dependent on amuino-nitrogen for 
growth ‘There is also evidence’ that the extracellular 
nitrogenous compounds of Flue-green algae may be m- 
portant as chelating agents im fresh-water, and ıb 1s 
probable, therefore, that m marine environments the 
extracellular products of maiine blue-green algae exert a 
similar function 

I thank Prof G E Fogg for his advice 
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Seedling Inoculation with Ustilago nuda 
(Jens.) Rostr. 


THE vacuum method of seedlmg imoculation with 
chlamydospores of Ustilago nuda already described? was 
the first non-floral method to give high infection percen- 
tagesin barley This method has the disadvantage, where 
large numbers of seedlings are concerned, that the coleop- 
tiles must be cut mdividually by hand before bemg 
placed under vacuum in the chlamydospore suspension 
Tt has now been found possible to infect barley seedlings 
without the tedious and time-consuming necessity of 
cutting the coleoptiles. 

‘When barley seeds were germinated at about 20° C until 
the coleoptiles of the seedlings, which were then usually 
2-3 cm m length, were burst by the emerging first leaf 
and were then inoculated by the vacuum method but 
without cuttmg of the coleoptiles, a low percentage of 
smutted plants resulted (6 per cent) as compared with 
that of plants from seedlings the coleoptiles of which were 
cut when they reached a length of about 1 cm and were 
then vacuum moculated (57 per cent) An experiment to 
induce natural breaking of the coleoptiles at a shorter 
length by exposing the seeds to light during germination 
resulted in the coleoptiles being burst through at various 
lengths all shorter than the controls m total darkness 
which were still unburst at 5 cm 

A mercury vapour lamp suspended 15 in above the 
water agar plates on which barley seed was germinating at 
17° C, the seed having first been allowed to absorb water 
at 3° C for five days, resulted in the first leaf bursting the 
coleoptiles when the latter were only about l cm m 
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length When such seedlings were placed under a vacuum 
of 25 in of mercury in a chlamydospore suspension for 
three successive periods of 1 min, 79 per cent smutted 
plants resulted 

This hmited trial indicates that equally good results 
may be expected from the moculation of uncut seedlings 
germinated ın the foregoing manner as were previously 
obtamed by the origimal method 
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Immobilization of Elephant Seals using 
Succinyicholine Chloride 


Brotocists of the Australan National Antarctic 
Research Expeditions have been investigating the ecology 
and physiology of the southern elephant seal, Mirounga 
leonina Linn, at Macquarie Island for many years! 
Present work requires the ammals to be handled for a 
variety of procedures, but their large size (mature cows 
23 m long and 500 kg in weight, mature bulls 5 m long 
and 3,000 kg in weight) makes physical restramt of any 
but small pups impossible 

Muscular relaxants have long been used for restraiimng 
wud animals in captivity?? and extension of these tech- 
niques to the field has facilitated studies of a variety of 
land mammals? One pinniped, the California sea hon, 
Zalophus californianus Lesson, has been immobilized im 
captivity? Ths communication reports the extensive 
use of sucemyleholme chloride for mmmobihzmg elephant 
seals, Mirounga leonina Lınn, the establishment of 
reliable dose rates, and the elephant seal’s tolerance to 
high dosages 

Intramuscular injections of a concentrated (200 mg/ml ) 
solution of succinylcholine chloride were administered by 
means of an extension syringe This comprised a 20-ml 
veterinary syringe screwed to a ight metal tube, 3 ft long, 
down which a rod passed to actuate the plunger The 
injection was made on undisturbed animals just anterior 
and lateral to the base of the tail Tho straight-line 
length from nose to tail of each an:mal was estimated by 
eye and converted to a total body-weight by reference to 
a regression curve of Laws? Exact dose rates were then 
calculated Subsequent weighing and measurmg of 
immobilized seals generally confirmed Laws’s figures 

In 42 attempts, we have successfully ımmobılhzed 31 
seals up to 4 5 m long and weighing an estamated 2,500 kg. 
Nine of the eleven failures to rmmobilize occurred with 
large adult male seals, the blubber of which may not have 
been penetrated by the needle. Dose rates of 0 5 mg/kg 
(0 23 mg/Ib }) and 1 mg/kg (0 45 mg/ib ), while sometimes 
effective, were not as rehable as 2 mg/kg (0 91 mg/ib) 
This rate greatly exceeds doses used on domestic animals 
apart from pigs, which require a simular quantity for com- 
plete relaxation’, and is 4-8 times the effective dose rate 
for the California sea lion’ 

Paralysis often occurred ın less than 0 5 min and usually 
within I min of mjection Its duration varied from a few 
sec to 45 mm and no 1ll-effecta were observed after the 
animals recovered Muscle paralysis followed a definite 
sequence which was similar to that observed in other 
animals’ Facial muscles were affected first, followed by 
those of the neck and hind flippers; then the fore flippers 
and finally the body musculature relaxed Paralysis of 
the diaphragm may also have been induced, since 
apnoea, appeared to last for periods up to 10 mm, some- 
times to the extent of cyanosis of the tongue Hyper- 
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ventilation of sumilar duration preceded muscle recovery, 
the sequence of which occurred m the reverse order to 
that of paralysis 

Immobilized elephant seals have been subjected to a 
number of procedures to which, judging by the absence 
of distress or after-effects due to handling and other treat- 
ment, they seem ideally suited We have taken skin 
biopsies and blood samples, mnjected vital stains, and 
measured, weighed and transported seals to enclosures for 
observation The smmobilzation technique should greatly 
facilitate cortam surgical procedures on suitably anæs- 
thetized animals and the admumistration of hormones and 
drugs can also be tried š 

The ease with which elephant seals of almost any sıze 
can be restramed by myections of succmylcholine chloride 
has considerably extended their use as field and experi- 
mental animals for biological research There 1s good 
reason for supposing that other Antarctic phocids would 
react to this drug similarly, thereby allowing them to be 
more readily examined Improvement of the technique 
against the very largest elephant seals 1s proceeding 
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Evolution of the Giraffe 


Tux mode of evolution ın the giraffe has been a favourite 
subject for discussion Darwin! wiote “ it has been 
supposed that all the parts must have been simultaneously 
modified, and 1t has been argued that, on the principle of 
natural selection, this is scarcely possible but ıt cannot 
be demed that an animal might have its neck, or head, or 
tongue, or forelimbs elongated a very little without any 
corresponding modification m other parts of the body”. 
Graham Cannon*, very properly I consider, rejects this, 
concluding ‘‘It1s this idea of co-ordinated variation that 
18, to my mind, the central core of the whole problem of 
evolution”. 

Doubts on the extent of the survival value conferred by 
ability to reach high twigs arise when ıb 1s considered, as 
Graham Cannon (p 139) pomted out, that the male 
giraffe 1s some 2 ft taller than the female and thus by 
natural selection the females would tend, disastrously, to 
be ehminated im times of diought, Himmelfarb’ similarly 
objects that the ‘young would tend to be eliminated hke- 
wise 

Schreider* discusses the value, to certain human races 
living m hot climates, of dolichomorphism as an aid mm 
achieving heat loss So also to the giraffes, living as they 
do in hot elimates, thew dohchomorphiec structure will 
serve a similar purpose to young or old, male or female 
continuously and not merely in times of drought, while 
at the same time enabling them to achieve that size and 
tallness which confers greater ability to evade, or defend 
agaist. predators and to reach a source of food otherwise 
unavailable to them Which factor has been of greatest 
evolutionary value 1s uncertam Darwin’ wrote in this 
connexion “The preservation of each species can rarely 
be determined by any one advantage, but by the union 
of all, great and small”? 

To the best of my knowledge and belief, no one has 
ever suggested that dolichomorphic 1aces of man evolved 
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by elongation of first one part then anothe1, and evolution 
by pattern mutation 1s very much the more probable. 
A BROWNLEE 
Agricultural Research Council Field Station, 
Compton, Nr Newbury, Berks 
2Darwin, C, The Varration of Anumals and Plants under Domestication, 
second ed , 206 (John Murray, 1893) 
‘Cannon, H Graham, The Evolution of Ling Things, 112 (Manchester 
Univ Press, 1958) 
3 Himmelfarb, Gertrude, Darwin and the Darwinian Revolution, 278 (Chatto 
and Windus, 1959) 
+ Schreider, E , Nature, 165, 286 (1950) 
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Monolayer Tissue Culture on ‘Cellophane’ Squares 


‘CELLOPHANE’ has for some years been recognized as & 
material on which monolayers of many cell types can be 
grown! When a sheet of ‘Cellophane’ 1s so covered with 
cells ıt can be cut up into small pieces which are suitable 
for a number of uses 

For example, they can be distributed into tissue culture 
tubes and used as stationary or roller cultures for virus 
isolation and titration They can be frozen and stored, 
probably imdefinitely, in a liquid mitrogen refrigerator and 
reman ready for use on reconstitution 

The types of cell grown and stored satisfactorily so far 
include the followmg (a) primary cultures of human 
embryo kidney and bovine testis, (b) secondary cultures 
of monkey kidney and human amnion, (c) contmuous 
cell Imes, that 1s, HeLa (2 strams), MK2, HE p2 and L 
cells 

No unsatisfactory cells have so far been encountered, 
but ıt has been found that too dense a cell sheet may 
detach from the ‘Cellophane’ when ıb 18 cut 

Ordmary thm ‘Cellophane’ sheet sold ın rolls for wrap- 
ping purposes is used It is cut mto rectangles about 
7 emx3 em which will fit inside a 2-oz. ‘medical flat’ 
screw-cap bottle. Each piece 1s cleaned and sterilized by 
immersion m ether followed by ethanol and sterile distilled 
water after which ıt 18 introduced as a roll into a bottle 
with sterile precautions and kept moist with a little sterile 
buffered saline 

Each bottle 1s moculated with about 8 ml of cell sus- 
pension of a density suitable for culture on glass, and care 
is taken to ensure that the ‘Cellophane’ is completely 
wetted and submerged before mcubation To inspect the 
growth the bottle 1s gently tilted so that the ‘Cellophane’ 
sticks to the glass whereupon the bottle can be turned 
and examined microscopically 

When the monolayer is nearly confluent the medium 
ig poured off and the ‘Cellophane’ extracted with fine 
pomted forceps and placed, cells uppermost, on a little 
medium in a Petri dish 

It 1s then cut mto strips about 7 mm wide and these 
are cut mto squares and washed off the scissors into a 
bottle of medium One sheet yields about 40 squares 
If not required immediately they may be kept satisfac- 
torily m 10 ml of medium m a screw-cap bottle and 
remain usable about as long as ordmary tube cultures 

Squares can be stored, probably indefinitely, in a liquid 
nitrogen refrigerator such as the Linde LDNA-25-B = 20 or 
more can be put mto 1 ml of dimethyl sulphoxide freezing 
solution and frozen slowly m the manner described pre- 
viously?® Reconstitution 1s by rapid thawmg at 37°C, 
and the squares are then distributed as required without 
washing The medium should have a low bicarbonate 
content to prevent temporary excessive alkalinity 
Freezing and thawing do not seem to cause detachment 
of the cells. When detachment has occurred 1t has been 
the result of the manipulations If the damage 1s not too 
great the cells usually grow over the ‘Cellophane’ again 
withm a day or two 

Squares put into 1-2 ml medium in tubes which are 
incubated vertically behave lke comparable monolayers 
on glass Inspection of a monolayer 1s easily performed 
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by sloping the tube then giving it a twist so Cia the 
square sticks to the glass. A variety of virus strains have 
been grown in this way, for example, vaccinia, herpes 
simplex, poliovirus, influenza, and respiratory syncytial 
virus, and the cytopathic change (CPE) was in each case 
indistinguishable from that seen in monolayers on glass. 
Sub-culture can be made by transfer of the square or the 
medium or both. Infectivity titrations and neutralization 
‘tests are performed with economy in glassware by the 
addition of squares to the tubes containing the virus or 
virus—serum mixtures. 

In roller tubes the squares stick to the glass within the 
area traversed by the medium and seem to suffer no 
deterioration. Human embryo kidney cells gave CPE at 
the same times as parallel tube cultures when inoculated 
with several strains of common cold viruses, including 
wild type strains as well as FEB and HGP. 

The number of cells per square is approximately $ that 
of a normal monolayer. This has the disadvantage of 
presenting fewer cells for examination than in a monolayer 
on glass and it gives a lower virus yield. However, an 
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only once a week instead of daily. 
Preservation of monolayer fragments offers a mamber 
of possibilities which have so far been only partially 
explored. It is a means of preserving viable fragments 
of cell sheets in prolonged experiments. 
m  Reconėtitution is so quickly carried out that monolayers 
are available on demand and this might enable them to 
-þe used for the isolation of labile viruses from clinical 
material. It could be especially useful in rendering avail- 
- able monolayers of cells of unusual sorts or kinds required 
infrequently. 
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CYTOLOGY 


: _ Asynapsis of the Salivary Chromosomes of 
Hybrids between Anopheles punctipennis and 
Anopheles freeborni 


Bureess! showed by crossing Anopheles punctipennis 
with A. freeborni that these two species were more closely 
-yelated to each other than was generally thought. In 
: experiments between these two species when 
sod feces was the a romalo; 8 "3-15: 2 per ¢ cent of the 













n the aa cross with A. a ERAN 
ee per eent of the eggs hatched, but showed high 
ortality in the first and second instars and only one 
larva reached fourth instar. 

= While making salivary gland chromosome maps of 
> A. freeborni and A. punctipennis, we found that there 
were considerable similarities in the banding patterns of 
certain regions of the chromosomes. The ends of the 
-ehromosomal arms of the two species were very similar. 
-Of particular significance was the great similarity of the 
banding pattern in the left arm of chromosome HI of 
A. freeborn? to that of A. punctipennis ; the similarity 
was so close that the map of ITI—L for one species fit 
that of the other species. Therefore, the chromosemes of 
the hybrids would be of special interest. 

‘Reciprocal crosses using induced copulation? were made 
between the two species. ‘Nine chromosomal smears were 
made of the Serene i fourth instar larve for each of the 











advantage was that the medium needed to be changed | 
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Salivary chromosomes of hybrid of A. freeborni Q x A. 
Chromosome arms are designated Y, I-A, I-$, 
: A. punctipennis! F = A, freeborni. {Composite 


photo) 


Fig, 1. 
punctipennis 3. 
i-R, ULL P = 


two possible crosses. We were surprised to find little” or 
no chromosomal synapsis in either cross. Fig. 1 shows 
the typical configuration of the chromosomal complement 
of the hybrid between the A. freeborni females x A. puncti- 
pennis males. Even in the left arm of chromosome IIT 
little or no synapsis occurred although the similarity of 
the banding pattern can be followed in both the maternal 
and paternal chromosomes. Of interest was the close 
proximity of all five arms to each other in all squash 
preparations although they are not synapsed. 

Each of the hybrid chromosomes seemed almost as wide | 
as a normal synapsed pair of chromosomes in A. puneti- 
pennis or A. freeborni. We thought it possible that the 
hybrids might be allotetraploids. This could explain the 
width and the proximity of the chromosomes of the two 
species. Allotetraploidy would seem to be ruled out by 
the observation of the normal diploid number of six 
chromosomes in the brain of a hybrid fourth instar larva. 
Probably the close approximation of the unsynapsed 
chromosomes is a manifestation of the general phenomenon 
of somatic pairing. 


~~ 800 animals', 





| “species. ae 
< This work was AE in pee: A grant E--3486 of 
the a U.S B Publie Health Service. 
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ENTOMOLOGY 


~ Oviposition in Relation to the Accumulation 

of FEAR Black Flies (Simulium (Gnus) 
_arcticum Mall, (Diptera) ) prior to a 
Damaging Outbreak 


‘Tue black fly S. arcticum is notorious for its destructive 
“putbteaks along the downstream sections of the North 
and South branches of the Saskatchewan River in Canada. 
Outbreaks during 1944-46, inclusive, killed an estimated 
Since 1948, annual treatments of the rivers 
with DDT larvicide have generally prevented spring 
outbreaks. 

The adults of S. arcticum emerge daily from May until 
October in numbers affected by various conditions in 
the preceding adult and larval environments. Usually 
only the earliest adults in the season appear suddenly in 
overwhelming numbers; throughout the remainder of the 
summer the adults continue to emerge from the river and 
-to attack animals, but in relatively uniform small numbers 


- from day to day. On only two occasions were late summer 


- attacks heavy enough to kill cattle. The sudden appear- 


-ance of excessive numbers of flies during spring outbreaks 
was attributed to the simultaneous emergence of large 
2 - numbers of black fly adults’. 


However, observations 
during periods of emergence did not support the ‘mass 


-< -emergenee’ theory, and an additional possibility, the 
<e accumulation of newly emerged adults awaiting suitable 
attack weather, was considered. This theory, too, no 

_. longer scoms adequate because attacks have been observed 













ver a wide range of weather conditions including high 
ds. Evidence here presented indicates that, in an auto- 
generation, the accumulation of nulliparous 
ales: in: the gravid state, awaiting precise environ- 
conditions for O UR, is an important pre- 


pee eee oea experiences determined. Adults were 
cted at half-hourly intervals, as they came to bite 
es, throughout several diel cycles. Examination of 
flies for follicular relics showed that more than 99 
= per cent of the adults in the initial mass outbreaks in the 
springs of 1961 and 1962 had already oviposited prior to 
 geekiz ng their first blood meal. In August, 1960, only 65 
` per cent of the flies coming to take blood had previously 

- oviposited. Thus S. arcticum is apparently a ‘facultative 
_ blood sucker’, a category, according to Rubtzov®, which 
- ineludes. most blood-sucking species. In May and June 
when the larval environment of S. arcticum apparently 
favours the accumulation of large nutrient reserves, the 
emerging females can be autogenous and thus not require 
a blood meal until they have. deposited their first batch 
of eggs. When the larval environment. is less favourable 











(as in August) a large proportion. of the emerging females highe 
are anautogenous and require a blood meal before s thoy can i 


develop their first batch of eggs. 





etween these two relics of flie 

















eggs ante ae fow 


black flies penne while i in fight over tl 
river during calm mild evenings’. Only aft 
their first batch of eggs do they venture forth in se: 
blood meal. The range of meteorological condi 
able for oviposition appears to be much nar 
that for blood seeking and thus they are more 
accumulate in the gravid state than in the post-gr: 
state. In the laboratory, fully gravid females will r 
their eggs for many days i in the absence of an environm 
suitable for oviposition. 
The observations recorded here also show that. the fie 
often mate and feed on nectar before they. approach n 
animal for a blood meal. However, these two apparent 
essentials are often dispensed with, leaving oviposition as 
the only main adult event that must occur before aute 
genous flies are free to search for a blood meal. ia n nu 
This theory is potentially import antin behaviour investi- 
gations of all ‘mass-outbreak species’ the females of which —__ 
are autogenous in the first ovarian cycle, because it 
suggests that there is a greater urgency to investigate the 
meteorological requirements for oviposition than for —_ 
blood feeding if this basis for predicting outbreaks is __ 
sought. Until now, behaviour investigations of these —_ 
black flies have been concerned only with meteorological Bee 
requirements for blood feeding. ae 
I thank Michael Ivanochko for sorting and dissecting ae 
the large number of black flies used in this investigation. 
F. J. H. FREDEN 
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VIROLOGY 


Use of a Combined Complement-fixing . a 
Antigen to detect Pr aropo maare Viral 
Infection 


In an area whore several arthropod- hats’ Auno 
active, the examination by complement fixatio 
and convalescent human sera to detect possible infection 
with local agents may be tedious and time consuming. 
Sometimes the convalescent sera alone are screened and 
those that react with one or more antigens are then. pane 
with the acute specimen and rotested. 

To avoid screening large numbers of convalescent. ser 
against several antigens, preparatory to testing the pai 
sera, I have used im the initial test a combined g 
B arthropod-borne viral antigen, as follows. = > 

The five group B viruses identified in South Inc 
dengue types 1, 2 and 4, Japanese encephalitis an 
Nile, are combined after treatment of infected be 
mouse brains with sucrose and acetone according to: 
method cf Clarke and Casals!. Antigens are diluted: 
to give 2-4 tnits of each, based on box titrations. 
homologous hyperimmune mouse sera, in the final co 
bination. Antigen serum mixtures are held overnight 
4° C prior to the addition of the hemolytic pyete 
unit represents that « Sane of Pepi givin 
coropiete fixation lem 
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with each serum has resembled that using the homologous 
antigen. alone One such test, a box titration usmg 
individual antigens as well as the combmation, 1s presented 
in Table 1 In other tests marked serological crossing has 
been noted, particularly within the dengue and Japanese 
oncephalitis~West Nile groups The heterologous reaction 
has never, however, exceeded the homologous 
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Table 1. CONPLEMENT FIXATION USING INDIVIDUAL AND COMBINED 
ANTIGENS AGAINST KNOWN IMMUNE SERA 
Antigen Hyperimmune mouse serum 
Initial Japanese 
Type dilution in Dengue 1 Dengue 2 Dengue 4 encephal- West 
combination 1t18 Nile 

Group B 

combina- 

tion 128/256* 128/256 256/256 612/512 64/512 
Dengue 1 1 8 128/128 — — — earem 
Dengue 2 1 16 — 128/256 — — oe 
Dengue 4 1 8 — -- 256/128 — -~ 
Japanese 

encephal- 

1618 L 16 e= — —_ 512/512 ~~ 
West Nile 1 16 — —— — — 128/512 


* Reciprocal of serum titre/reeiprocal of antigen titre 


Using the combined preparation, with antigens diluted 
as indicated m Table 1, 36 convalescent sera were tested 
from patients with dengue-lke ıllnesses or pyrexias of 
unknown origin that did not yield viruses Twenty of 
these combined with the grouped antigen to fix comple- 
ment at a dilution of 1 8 or greater When these 20 
sera were paned with the acute samples and retested 
against the dividual group B antigens, a four-fold or 
greater rise to one or more viruses was demonstrated for 
11 patients With the other nine patients complement- 
fixing antibody-levels ın both specumens were equivalent 

The 16 convalescent sera not reacting with the com- 
bined antigen were next tested agamst the individual 
antigens In no case was complement fixed at a dilution 
greater than 1 4 

The combined antigen thus mdicated ın every mstance 
those sera which would react with the mdividual antı- 
gens Conversely, no false positive reactions were noted 
In work now under way, the prme:ple of a combined 
antigen is being applied to several additional, unrelated 
Vellore agents 

Donatp E Carry 


Virus Reseaich Centre, 
Poona 1, India 
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PSYCHOLOGY 


Saline Preference Curve for Mice: Lack of 
Relationship to Pigmentation 


Two lines of investigation have led to the experiment 
described here A, laige body of data has been gathered 
on the preferonce behaviour of anmals presented with a 
choice between saline solutions of various concentrations 
and distilled water Most species studied seemed to manı- 
fest a preference for saline solutions of low (hypotonic) 
concentration and an aversion to solutions of higher 
(hypertonic) concentration? A much less thoroughly 
investigated problem arises from the recurrent but 
apparently httle-known observation that daikly pigmented 
animals have greater taste sensitivity than thor hghtly 
pigmented conspecifics 

Hoshishima eż al ? have recently examined this pheno- 
menon in mice presented with various taste substances 
These workers report no saline preference and report 
unusually high discrrmmation (aversion) thresholds for all 
strains used In addition, their black straims appeared to 
have higher thresholds than their white strains, while the 
hypothesis that pigmented animals aie more sensitive to 
taste would predict a difference in the opposite direction, 
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Since the statistical techniques used required extremely 
large differences in order to reach significance, mbal 
preferences may have been overlooked and only the more 
pronounced aversions taken into account If a salme 
preference of dark mice did exist, and was maimtaimed at 
higher concentrations than that of white mice, and only 
aversion thresholds were observed, ıt might be erroneously 
concluded that the discrimination threshold of black mice 
was the higher 

Because melanocyte-stimulating hormone has adreno- 
corticotrophic properties‘, and because of possiblestructural 
relationships between melatonm and Farrell’s ‘adreno- 
glomerulotropic’ factor’, one purpose of this experiment 
was to ascertain more conclusively whether pigmentation 
may be specifically related to sodium chloride appetite 
Tt was also deemed important to determine whether or not 
mice manifest a saline preference and to re-evaluate the 
saline discrimination threshold since no adequate investi- 
gation of these phenomena in. mice has been 1eported to 
our knowledge 

Thirty-six male mice, 5-6 weeks of age and of approxim- 
ately equal body-weight, were used The mice were 
obtained from the Roscoe B Jackson Laboratory and com- 
prised sıx separate strains with six mice per strain There 
were three albmo strains (SJL/J, 129/J, CAF/J) and 
three black strains (B,D.F,, B.A’, Cd7BL/6J7) Pais of 
animals of cach strain were placed in wire mesh cages on to 
which were symmetiically attached two mverted 50-ml 
graduated test-tubes with standard curved metal drinking 
spouts Mice were mamtained in a temperature con- 
trolled room and fed Purma laboratory chow ad lab 

Following a 10-day period duiimg which distilled wate 
was presented in both tubes, a saline solution was substi- 
tuted for the water in one of the tubes Five concontia- 
tions (0 003, 0 010, 0033, 0100, and 0 333 molar) were 
presented ın an ascending order of concentration with the 
concentration mereased on each Friday of five successive 
weeks Twice weekly (Tuesdays and Fridays) ieadmgs 
were taken, tubes were emptied and refilled with fresh 
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10 
0 (H,0) 0 003 0 010 0 033 0 100 0 330 
Concentration (moles/I ) 
Fig 1 Sale preference-aversion functions for black and white mice 


Relative preferences computed in terms of saline ingestion as per- 
centage of total fwd mtake -~-~-, Black, ~-—, white 
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Solutions, drinking nozzles were exchanged randomly, 
and relative positions of saline and water were 1eversed 
It was hoped that this relatively long period between 
position alternations would allow more stable preference 
behaviour to develop 

Fig 1 shows the preference-aversion functions of the 
black and white strains Dufferences between black and 
white animals did not approach significance at any saline 
concentration There were no observable differences 
between individual strams However, because a few 
animals temporarily escaped and on recapture could be 
identified with certainty for pigment but not strain, 
statistical analyses of stiam differences were not pel- 
formed 

At each concentiation, ¢ tests were applied to the 
differences between amounts of water and saline ingested 
using the pooled data of all animals The disc1imination 
(preference) threshold falls between 0 01 and 0 033 molar, 
which 1s within the 1ange of that found for the rat} 
Significant saline pieferences were obtained at concentra- 
tions of 0 033 molar (P <0 01) and 0 10 molar (P <0 05) 
A sigmficant salme aversion occurred at 0 333 molar 
(P <0001) These ‘P’ values represent two-tailed tests 

These results indicate (a) that mice produce a typical 
saline preference-aversion function when, offered saline 
solutions of different concentration m addition to distilled 
water, (6) the suggested relationship between pigmenta- 
tion and taste sensitivity or appotite for sodium chloride 
was not confirmed 

This work was supported in part by grant MY 2949 to 
Prof Neal E Mille: from the National Institute of Mental 
Health, US Public Health Service, and done during the 
first author’s tenure as US Public Health Service pre- 
doctoral fellow, and second author’s tenure as U § Pubhe 
Health Service post-doctoral fellow 


GEORGE WOLF 
Department of Psychology, ` 


GEORGE H LAWRENCE 


Department of Psychatry, 
Yale University, 
New Haven, Conn 
1 Bare, J K, J Comp Physiol Psychol , 42, 242 (1949) 
* Carpenter, J A, J Comp Physiol Psychol , 49, 189 (1956) 


*Hoshishima, K , Yokoyama, S, and Seto, K, Amer J Physol , 202, 
1200 (1962) y 0 mer hysrol , 202 


* Steelman, S L, and Gmillemm, R , Pioc Soe Exp Bil and M 
600 (1959) 10€ Soc Exp Biol and Med ,101, 


~Larrell, G , and Taylor, A N, dnn Rev Physiol , 24, 471 (1962) 


Heart Rate during Auditory Vigilance 
Performance 


Tas work recorded here ıs the fist in a series of experi- 
ments designed to investigate the 1elationship between 
cardiac activity and the performance of monotonous 
tasks and tasks mvolvmg high 1ates of mformation 
processing 

Since drowsiness 1s commonly reported by subjects of 
vigilance experiments ıb 1s to be expected that this would 
be reflected in a decrease in heart rate during a vigil, and 
1t 18 possible that this decline will be related systematically 
to the decrease m the number of signals detected correctly 
during different periods of the vigil Furthermore, Lacey 
and Lacey! have suggested that variability ın resting heart 
1ete may be indicative of the quahty of perfomance shown 
by subjects engaged on perceptual-motor tasks They 
differentiate between those subjects who show high 
vauebility (labiles) and those who show low vanabuility 
(stabiles) and suggest that each group is lable to show 
consistent modes of responding and to commit specific 
types of errors Although they have not used vigilance 
tasks in their investigations the umplication seems to be 
that the more variable the heait rate at rest the more are 
commussive errors likely to occur m vigilance situations 
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In the present work, electro-cardiographe recordings 
were taken from eight subjects (mean age 21 5 years) in an 
auditory vigilance situation The task consisted of a tape- 
recording of a series of digits, 1-9 melusive, recorded in 
random order at the rate of ljsec The signal to be 
detected consisted of a series of three successive odd digits 
which were all different There were 24 such signals 
during the 60-min task, sıx occur:img at random intervals 
durmg each 15-mm period Subjects responded by press- 
ing a key which was attached to an event recorder when- 
ever they considered a signal to have occurred Heart 
rate measures (the number of R waves;min) were taken 
duimg the followmg periods (1) a 20-mm pre-task resting 
period, (2) the first 7 min of the task, (3) the ninth, 
twelfth, fifteenth. . fifty-first min of the task, (4) the 
last 8 min of the task, (5) duimg a 10-min post-task 
resting period 

The mean. heait 1ate for each subject for each 15-min 
period was divided by his mean heat rate during the pro- 
task resting period ‘These ‘working-resting’ ratios were 
then transformed mto Z-scores for the group Perfor- 
mance scores (the number of correct detections) for each 
15-min period were also transformed into Z-scores for the 
gioup ‘These data are given in Table 1, from which ıt will 
be seen that heart rate and performance both decline 
duung the course of the vigil 
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Table 1 RELATIONSHIP BETWEEN HEART RATE AND VIGILANOB PRR- 


YORMANCE DURING THE COURSE OF THE EXPERIMENT 
15-mm periods Z scores 
Performance Heart rate 


1 + 160 + 140 
2 0 00 + 0 20 
3 — 050 — 030 
4 — 100 — 130 


The iesults seem to indicate a systematic relationship 
between heart rate and vigilance performance It ıs not 
possible, however, to interpret this easily ın terms of 
decreasing activation during the course of the vigil, since 
for this to be the case the beginning of the task should be 
accompanied by a substantial mcrease in heart rate In 
the case of only one subject was this observed, and all 
mean working-resting ratios were less than unity 

Lacey? considers that a deceleration m hoart rate 15 
associated with the uptake of mformation It seems 
possible that the deceleration observed in this work may 
be due to increased attempts by subjects to take up mfor- 
mation from the task and the environment as the vigil 
proceeded 

Subjects were ranked in terms of vamability of resting 
heart rate, ın terms of total error score (that 18, errors of 
omission. and of commission combined), and in terms of 
errors of commission only The rank-order co1elation 
between heart rate variability and total error score 1s given. 
by 7 = 069(h = 202, P < 001), and between heart rate 
variability and commussive error score by t = 0 42 (non- 
significant) 

It is difficult on the basis of the results of this work, in 
which only eight subjects participated, to draw any 
reliable conclusions about individual differences in detec- 
tion ahility and their prediction, but the significant 
correlation between cardiac lability and total error score 
suggests that heart rate variability may be some predic- 
tion of vigilance performance, although ıt seems unlikely 
that ıt will efficiently predict commiussrve errors m po- 
formance 

This work 1s supported by a grant fiom the Medical 
Research Council 

S GREW 
D R Davies 
A C C TREACHER 
Department of Psychology, 
Universivy of Bristol 


1 LR ) I, and Lacey, B C , Res Pub Assoc Nerv Ment Dis , 86, 144 
2? Lacey, J I, J Comp Physiol Psychol , 48, 388 (1950) 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


No 4910 


Monday, December 9 


BRITISH SOCIETY FOR THE PHILOSOPHY OF SCIENCE (in the Joint Staff 
Common Room, University College, Gower Street, London, W C 1), at 
530 pm-—-Dr I Hacking "On the Foundations of Statistics” 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W C 2), at 5 30 p m — Discussion on “Measurements 
at Very Low Frequencies with particular reference to Noise’? opened by 
Dr J L Douce, Mr H Suteliffe and Prof J C West 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
(at Savoy Place, London, W C 2), at 530 pm—Dr F Fallside and Mr 
M R Patel “Effect of a Back EM F Non-lnearity on Responses of a 
Second-order Position Control System”, Dr F Fallside and Dr J O C 
Eveilo ‘Application of the Second Method of Lyapunov to the Stability 
of Certain Position Control Systems contamme, a Back-E M F Non-lmearity”’ 


ROYAL GEOGRAPHICAL Society (at 1 Kensington Gore, London, S W 7), 
at 6 pm -The Pitcairn People” (colour films) 


Tuesday, December i0 


ZOOLOGICAL SOOCLETY OF LONDON (at the Zoological Gardens, Regent’s 
Park, London, N W 1), at 5 p m —Sceientific Papers 


ROYAL SOCIETY OF ARTS COMMONWEALTH Srcrion (at John Adam 
Street, Adelphi, London, W C 2), at 5 15 pm —Dr T W Tinsley “The 
Ecological Approach to Pest and Disease Problems of Cacao m West Africa” 
(Inaugural John Curtis Lecture) 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
ee W 1),at5 30pm—Mr H R Boyce “Swansea Docks—Entrance 

orks” 

INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
{at Savoy Place, London, W C 2), at 5 30 p m —Duiseussion on “Materials 
for Hall Effect Devices” opened by Mr R P Chasmar 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the Royal 
Society of Tropical Medicine and Hygiene, 26 Portland Place, London, 
Wi), ab 530 pm—Mr M S Evans “Mould Desgn” 7 pm Panel 
Discussion on “Accelerators” 


ROYAL Socrery oF MEDICINE, LIBRARY (Scientific Research) SECTION 
{at 1 Wimpole Street, London, W 1), at 530 p m ——Dr Gordon Wolsten- 
holme “Ethiopia in a Modern Africa” 


UNTVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicmne, Keppel Street, Gower Street, London, W C i), at 530 pm— 
Prof J N Davidson ‘Recent ied Spat Among the Nucleic Acids” 
(Sixteenth of eighteen lectures on “The Scientific Basis of Medicine” organ» 
ized by the British Postgraduate Medical Federation )* 


INSTITUTION OF CHEMICAL ENGINEERS, SOUTH-EASTERN BRANCH (joint 
meeting with the CHEMICAL ENGINEERING GROUP of the SOCIFTY oF CHEM- 
ICAL INDUSTRY, af 14 Belgrave Square, London, S W 1), at 6 p m —Mr 
T W G Rowe “High Vacuum” 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 
1 Birdeage Walk, Westminster, London, S W1}, at 6 pm—Mr G 
Cleare “Factors Affecting the Performance of High-Speed TLracklay ers” 


2 


Wednesday, December || 


G¥YOLOGICAL SOCIETY OF LONDON (at Burlington House, Piccadilly, 
London, W 1), at 5 p m —-Dr E P Saggersonand Mr B H Baker ‘‘Post- 
Jurassic Erosion Surfaces m Eastern Kenya and their Deformation m 
Relation to Rift Structure’, Dr R Nicholson “The Structure and Meta- 
morphism of the Mantling Karagwe—Ankolean Sediments of the Ntungamo 
Gneiss Dome and their Time-Relation to the Development of the Dome” 


ROYAL Microscorican Society (at Tavistock House South, Tavistock 
Square, London, WC 1), at 5 30 p m —-Prof M Francon (Professeur à la 
Faculté des Sciences de Paris et à PInstitut d'Optique) “Polarizing Inter- 
ference Microscopes” 


INSTITUTION OF MECHANICAL ENGINEERS, HYDRAULIC PLANT AND 
MACHINERY GROUP (at 1 Birdeage Walk, Westmmster, London, S W 1), 
at 6p m—Mr J E Austin and Mr J R Palfrey ‘Product Maing Dunng 
Serial Flow in Pipelines” 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (at Shell Mes House, 
apang. London, W © 2), at 6 p m —Annual General Meeting, followed by a 
show 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi London, W € 2), 
at 6 pm-—Sur Ifor Evans ‘‘Education m London” (Edmunad Rich 
Memorial Lecture) 


INSTITUTE OF INFORMATION SCIENTISTS (at the Swedenborg Society 
Hall, 20 Bloomsbury Way, London, WC1), at 615 pm—Mr A G 
Readett ‘The Organization and Administration of a Technical Trans- 
lation Department” 


SOCIETY OF CSEMICAL INDUSTRY, FOOD GROUP—NUTRITION PANEL 
(at 14 Belgrave Square, London, 8 W 1), at 6 15 p m —Prof Sir Alister 
Hardy ‘Can We Get More Food from the Sea?” 


INSTITUTE OF METALS Gomt meeting with the LONDON BRANCH of the 
INSTITUTE OF BRITISH FOUNDRYMEN, at the National Liberal Club, White- 
hall Place, London, S W 1), at 7 pm—Mi G Swinyard ‘Quality in 
Copper Based Castings” 


Om AND COLOUR CHEMISTS’ ASSOCIATION (at the Institution of Electrical 
Engineers, Savoy Place, London, W C 2), at 7 p m —Prof R N Haszeldme 
“Inorganic Polymers—Fact or Fiction” 


SOGIETY OF INSTRUMENT TECHNOLOGY, ATTOMATION SECTION (at Manson 
House, 26 Portland Place, London, W 1), at 7 p m -— Prof M W Thring 
and Mr D E Nettell ‘Domestic Automation” 


SOCIETY oF CHEMICAL INDUSTRY, PLASTICS AND PoLYMFR GROUP (jomi 
meeting with the LIVERPOOL SECTION, at the Donnan Laboratories, Univer- 
sity of Liverpool), at 7 30 pm-—-Dr R N Haward “Additives m Thermo- 
plastics” 
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Wednesday, December |i]—Thursday, December 12 


INSTITUTION OF CHEMICAL ENGINEERS (at Church House, Great Smith 


Street, London, 6 W 1), at 930 am daly-—Sj}mposium on “Productivity 
in Research” 


Thursday, December !2 


INSTITUTION OF ELECTRICAL ENGINLERS, ELFCTRONICS DIVISION (joint 
meeting with the MEDICAL AND BIOLOGICAL ELECTRONICS GROUP of the 
BRITISH INSTITUTION OF RADIO ENGINEERS, m the Department of Physio- 
logy, University College, Gower Street, London, W C 1) at 10£0am and 
2 80 pm-—Discussion on ‘The Bram” 


INSTITUTION OF CIVIL ENGINEERS, TRAFFIC ENGINEERING GROUP (at 
Great George Street, Westminster, London, $ W 1), at 5 30 p m ~—Infolmal 


Discussion on “Practical Applications of Traffic Theories” mtroduced 
Mr J G Wardrop i 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, W C 2), at 5 20 p m —Discussion on “Performance of Large 
AC Motors for Industrial Drives” opened by Mr B Barker, Mr A B Ð 
Reed, Mr D D Stephen and Mr A C G Witts, alsoMr D D Stephen 
“Connecting Large Machmes to Power Systems” 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropieal 
Medicine, Keppel Street, Gower Street, London, W C 1), at 5 30 pm— 
Dr P Brookes ‘Chemical Aspects of Mutation” (Seventeenth of eighteen 
lectures on “The Scientific Basis of Medicme” organized by the British 
Postgraduate Medical Federation )}* 


CHEMICAL SOCIETY (at the Royal Institution, Albemarle Street, London 
W1) at 6 pm—Prof J Anderson, FRS “Scme Contemporary 
Problems of Solid State Chemistry” (Liversidge Lecture) 


INSTITUTION OF MECHANICAL ENGINEERS, INTERNAL COMBUSTION 
ENGINES GROUP (at 1 Birdeage Walk, Westminster, London, § W 1), at 
6 pm —Discussion on “Residual Fuels—Is Therr Use Justified ?” 


SOCIETY FOR ANALYTICAL CHEMISTRY, BIOLOGICAL METHODS GROUP 
(at “The Feathers”, Tudor Street, London, E C 4), at 6 30 p m —Nonetcenth 
Annual General Meeting, followed by a Discussion Meeting on “Ihe De- 


pa of Substances with Teratogenic Properties” opened by Mr K BE V 
pencer 


SOCIETY OF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (Gomt meeting 
with the BIRMINGHAM SECTION, at Haworth Buildmg, The Universit, i 


Birmingham), at 630 pm—Dr K Burton "Structure and Action of 
Deoxryribonucleie Acid” 


RADAR AND ELECTRONICS ASSOCIATION (at the Royal Society of Art 
John Adam Street, Adelphi, London, W C 2), at7 p m —Mr Paul Thomason 
“Teaching by Electronics” 


ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at Manson House 
26 Portland Place, London, W 1), at 7 30 p m~—Mr D P Choyce “Personal 
Experience of Ocular Onchocerciasis in Central America, Africa and the 
British Isles” followed by a discussion 


Thursday, December 12—Friday, December 13 


BIOCHEMICAL Society (in the Science Lecture Theatre, The University, 
Leicester), at 2 pm on Thursday—Colloquium on “Regulation of Micro- 
bial Metabolism”, 1010 am on Friday-—~Orginal Communications 


Saturday, December 14 


LONDON County COUNCIL: (at the Hormman Museum, London Road, 
Forest Hill, London, S E 23), at 330 p m ——-Dr P H Gulhver “Village 
Life in East Africa” * 


Monday, December 16 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W C2), at 5 30 p m-—Mr W F Gibbons “Ceramic 
Sealing Techniques Applied to Electron Tubes and Semiconductor Devices” 


SOCIETY OF CHEMIGIL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, S W 1), af 530 pm—Mr A Stevenson “Analysis of 
Dithiocarbamates and Thiuram Disulphides Used in Agriculture A Collab- 
orative Study of Macro-Methods Available for the Evaluation of Technical 
and Formulated Products” 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, W C 2), at 630 pm—Sn 
Albert Mumford, KBE “Communications and Radio” 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 5 W 7), 


ee 15 pm—Dr L § B Leakey ‘“Explormg Man’s Prehistory m East 
per”? 


Monday, December 16—-Tuesday, December I7 


BRITISH BIOPHYSICAL SOCIETY (at the Institution of Electrical Engmeers, 
Savoy Place, London, W C 2)—Symposim on “Control Mechanisms’’ 


Monday, December 16—Wednesday, December I8 


INSTITUTE OF PHYSICS AND PHYSICAL SOCIETY, ELECTRONICS, ELECTRON 
MIGROSCOPY AND ANALYSIS, and LOW TEMPERATURE GROUPS (at Imperial 
College, London, S W 7)}—Conference on “The Electrical and Magnetic 
Properties of Thin Films m Relation to Their Structure” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the followmg appointments on or before 
the dates mentioned 

LECTURER IN THE HISTORY OF ScIENCE-—-The Registrar and Secretary 
University of Durham, Old Shire Hall, Durham (December 14) 

TECHNICIAN IN THE DEPARTMENT OF AGRONOMY, University of New 
England for duties which will include the preparation of experimental 
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material in glasshouses, the sampling of plant materials, and assistance 
with chemical laboratory work—The Registrar, University of New England 
Armidale, New South Wales, Australia, and The Secretary, Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, 8 W i (Australa and London, December 15) 

SENIOR LECTURER, LECTURER, or ASSISTANT LECTURER IN MATHEMATICS 
in the School of Mathematical and Physical Sciences—The Registrar, 
University of East Anglia, Earlham Hall, Norwich, Nor 05G (December 16) 

PROFESSOR and a SENIOR LECTURER or LECTURER IN BOTANY, and a 
SENIOR LECTURER or LECTURER IN ZOOLOGY at the University of Khartoum 
The Registrar, Umversity of Khartoum, c/o Inter-University Council 
ae ae Education Overseas, 29 Woburn Square, London, W € 1 (Decem- 

er 

SENIOR LECTURER or LECTURER IN ENGINEERING MATHEMATICS at the 
University of Khartoum—The Registrar University of Khartoum, c/o 
Inter-University Council for Higher Lducation Overseas, 29 Woburn Square, 
London, W C1 (Decembei 20) 

SENIOR LECTURER or LECTURER IN ELECTRICAL ENGINEERING at the 
University of Khartoum—The Registrar, University of Khartoum, ejo 
Inter-University Council for Higher Education Overseas, 29 Woburn Square, 
London, WC 1 (December 20) 

ASSISTANT IN PATHOLOGY in Queen's College, Dundee—The Seeretary, 
University of St Andiews, Queen’s College, Dundee (December 21) 

LECTURER IN ANATOMY AND HISTOLOGY IN THE DFPARTMENT OF AGRI- 
CULTURE, Sutton Bonington, near Loughborough—The Registrar, The 
Umiversity, Nottingham (December 21) 

LECTURER IN THE DEPARTMENT OF MEDICAL PHysics—The Secretary, 
The University, Edinburgh (December 21) 

LECTURER IN PURE MATHEMATICS—The Registrar, The University, 
Manchester 13 (December 28) 

RESEARCH OFFICER (Biochemist) (with a Ph D degree or postgraduate 
research experience of equivalent standard and duration supported by 
satisfactory evidence of research ability, and preferably trang and ex- 
perience in mammalian biochemical research) AT THR MCMASTER ANIMAL 
HEALTH LABORATORY, Commonwealth Scientific and Industrial Research 
Organization, Sydney, to undertake research ın some aspects of chemical 
pathology, particularly in relation to the effects of parasitism—Chief 
Seientific Liaison Officer, Australian Scientific Liaison Office, Africa House, 
Kingsway, London, WC 2, quoting Appointment No 202/214 (Decem- 
ber 28) 

CHAIR OF CHFMISTRi-—The Secretary, The University, Aberdeen (Decem- 
ber 31) 

GRADUATE IN MECHANICAL ENGINEERING or APFIULD MATHEMATICS, 
to conduct research on an aspect of vibration concerned with transport— 
The Secretary, University College, Gower Street, London, W C 1 (Decem- 
ber 31) 

LECTURER (with an honours degree in pharmacy or the equivalent, and 
preferably subsequent specialization in physical chemistry) IN PHARMA- 
CEUTICS at the University of Adelaide, Adelaide, South Australia—The 
Secretary, Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, $ W 1 (Australa, December 31) 

LECTURERS or ASSISTANT LECTURERS IN PHILOSOPHY (including Philo- 
sophy of Science), SOCIOLOGY, and SOCIAL PsycuHoLogy—tThe Registrar, 
University of Sussex, Stanmer House, Stanmer, Brighton, Sussex (Decem- 
ber 31) 

READER IN THE ELECTRICAL ENGINEERING DEPARTMENT—~The College 
secretary, Welsh College of Advanced Technology, Cathays Park, Cardiff, 
quoting Ref No BH 233 (December 31) 

TENNENT CHAIR OF OPHTHALMOLOGY——The Secretary of University Court, 
The University, Glasgow (December 31) 

UNIVERSITY TUTOR IN DENTAL ANATOMY-—The Secretary, TLe Quecn’s 
University, Belfast, Northern Ireland (January 6) 

LECTURER IN ANTHROPOLOGY IN THE DEPARTMENT OF GEOGRAPHY—The 
Registrar and Secretary, Unversity of Durham, Old Shire Hall, Durham 
(January 15} 

LECTURER/SENIOR LECTURER IN ARCHAOLOGY (Greek and Roman 
Archeology) at the University of Sydney, Australia—The Secretary, The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S W 1 (Australia and London, January 15) 

SENIOR LECTURERS or LECTURERS IN ANATOMY (including Histology) 
AND PHYSIOLOGY (including Biochemistry) at the University College of 
Rhodesia and Nyasaland Medical School—-The Assistant Registrar, The 
Medical School, Birmingham 15 (January 15) 

UNIVERSITY ASSISTANT LECTURER (preferably with a knowledge of South 
Asia, that is, Pakistan, India, Ceylon) IN SOCIAL ANTHROPOLOGY—The 
Secretary of the Appomtments Committee, Faculty of Archeology and 
Anthropology, The University, Downing Street, Cambridge (January 15) 

Brocurmisr (Basic grade) at the City General Hospital, to work with, 
and assist, the Semor Biochemist—The Group Secretary, Stoke-on-Trent 
Hospital Management Committee, Princes Road, Stoke on-Trent 

ELECTRONIC SPECIALIST (with hnowledge and experience of both valve 
and transistor methods) IN THE DEPARTMENT OF VETERINARY PHYSIOLOGY, 
to establish and take chaige of an electronic workshop from January 1, 
1964 The duties will include the construction, modification and mamtenance 
of high-quality electronic apparatus used im biological research-—The Seere- 
tary to the University, Univeisity of Edinburgh, Old College, South Bridge, 
Edinburgh 

GRADUATE PHYSICAL or INORGANIC CHEMIST (with some botanical know- 
ledge, and preferably aged 25-30), for research on surface coatings and 
preservatives for wood-—The Secretary, Timber Research and Development 
Association, St John’s Road, Tylers Green, High Wycombe, Bucks 

MASTER TO TEACH BIOLOGY to “A” level, with some CHEMISTRY and 
BIOLOGY, in the Middle School—The High Master, St Paul’s School, London, 
W 14 

RESEARCH FELLOW or RESEARCH ASSISTANT (with research experience, 
and for the Fellowship a Ph D in physics) IN THE DEPARTMENT OF PHYSICS, 
to work for one year on Admiralty sponsored research on the thermal 
properties of alkaline-earth oxides—The Registrar, The University, Keele, 
Staffs 

RESEARCH TECHNICIAN or JUNIOR GRADUATE CHEMIST (with experience 
of, or an interest m, steroid chemistry) IN THE DEPARTMENT OF GROWTH 
AND DEVELOPMENT, to assist 1n 1esearch on endocrinology of human growth 
ae Secretary, Institute of Child Health, Great Ormond Street, London 





SENIOR BIOCHEANIST FOR THL DEPARTMENT OF CHEMICAL PATHOLOGY 
in the Group Laboratory at Epsom District Hospital, for duties principally 
m laboratory supervision, with opportunities for conducting original work 
--The Group Secretary, Epsom District Hospital, Epsom, Surrey 
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REPORTS and other PUBLICATIONS 


{not included in the monthly Books Supplement) 


Great Britain and Ireland 


Cunuent Medical Research (A reprint of articles m the Report of the 
Medical Research Council fo. the year 1961-1962) Pp v+69 (London 
HM Stationery Of ce, 1983 ) 53 Gd net {249 

Department of Scientific and Industrial Research Current Research in 
Machine Tools, No 2 Pp v+68 (London Machine-Tools Co-ordinating 
Committee, Department of Scientific and Industrial Research, 1963 ) [249 

Agricultural Research Council The Nutrient Requirements of Farm 
Livestock No 1  Poultry—Summary of Recommendations Pp v+50 
(London Agricultural Research Council, 1963 Obtaimable from H M 
Stationery Othce ) 28 6d net (249 

our Hess Chemicals, Ltd Arquads (A New Monograph on Quater- 
naries ) Pp 1S (Leeds Armour Hess Chemicals, Ltd , 1963 ) {269 

National Institute for Research in Dairymg, University of Reading 
Report for 1962 Pp 180 (Shinfleld, Berkshire National Institute fox 
Research in Dairyimeg, University of Reading, 1963) 7s 6d [269 

Hertfordshire Countv Counei] Technical Information Service A Select 
Bibhography on Computer Applications in Commerce and Industry Com- 
piled by © R Randall Pp 61 8s A Directory of Computer Servicc 
Bureaux in the United Kingdom Compiled by J T Graham Pp 30. 2s 
(Koe Green, Hatheld Hertfordshire Countv Council Technical Library and 
Information Service, Hatfield College of Technology, 1963 ) [269 

Agricultural Research Council, Radrobiological Laboratory Annual 
Report 1982-63 Pp x+108 (ARCRL 10) (London Agricultural 
Reasarch Council, 1963 Obtamable fiom H M Stationery Office ) sees 
ne 

AMimistrv of Education List of Special Schools for Handicapped Pupils m 
England and Wales (imcluding 1 carding Homes maintamed by Local 
Education Authorities for Handicipped Pupils, and Establishments for 
Further Education and Training of Disabled Persons), Pp v+45 (London 
HM Stationery Ofhee, 1968 ) 48 6d net 269 

The Committee of Vice-Chancellors and Principals of the Universities of 
the United Kingdom A Compendium of University Entrance Requirements 
for First Degree Courses in England and Wales (excluding part-time and 
external degree courses) Pp 128 (Londen ‘The Assocation of Common- 
wealth Universities, 1963 } 83 6d [269 


Other Countries 


United States Department of the Interior Fish and Wildlife Service 
Bureau of Commercial Fisheries Fishery Bulletin No 215 Bibhography on 
the Biology of the Cod Gadus morhua and Related Species By John P 
Wise Pp 1v-+483-538 (Washington, DC Government Printing Office, 
1963 ) 40 cents (269 

Smithsonian Institution United States National Museum Bulletin, No 
234 Cephalopods of the Philippine Islands By Gilbert L Voss Pp v+180 
(Washington, DC Government Prntimg Office, 1963 ) 1 dollar [269 

Publications de l'Institut National pour l'Etude Agronomique du Congo 
Série Technique, No 69 Contribution al’ Etude de l'Eucalyptus au Rwanda 
efau Burund: Par M Reynders Pp 98+12 Photographs {Bruxelles 
Institut National pourl’F tude Agronomique du Congo, 1963 ) 125 franes [269 

Smithsonian Contributions to Astrophysics Yol 6 ‘Research ın Space 
Science Pp vu-+242 (Washington, DC Government Prnting Office, 
1968 ) 2 dollars 269 

Colony of Mauritius Meteorological Observations and Climatological 
Summaries, 1962 July, 1962 Pp 20 August, 1962 Pp 20 September, 
1962 Fp 20 (Port Louis Government Printer, 1963 ) {269 

Deutsehes Hydrographisches Institut, Hamburg Jahresbericht, Nr 17 
for dag Jahr 1962 Pp 122 (Hamburg Deutsches Hydrographisches 
Institut, 1963 ) 410 

Earthquake Research Institute, University of Tokvo Prediction of 
Harthquahkes Progress to Date and Plans for Further Development Com- 
piled by Chuj Tsuboi, Kiyoo Wadati and Takahiro Hagrwara Pp 21 
(Tokyo Harthquake Research Institute, University of Tokyo, 1963 ) [410 

Fallout in New Zealand Quarterly Report, April-June 1963 Pp 15 
(Report No DXRL-F9 ) (Christchurch, N Z Dominion X-ray and Radium 
Laboratory, Department of Health, 1963 ) 4 

Smithsonian Contributions to Astrophysics Vol 8, No 1 Accurate 
Drag Determimations for Foght Artificial Satellites, Atmospheric Densittes 
and Temperatures By Luig: G Jacchia and Jack Slowey Pp +99 
(Washington, DC Government Printing Office, 1968) 65 cents [410 

United States Department of Agriculture, m co-operation with Texas 
Agricultural Experiment Station Production Research Report, No 73 
Pink Bollworm hii with Improved Gin Equipment By O T Robertson, 
D F Martm, D M Alberson, V L Stedbronsky and D M McEachern 
Pp 8 (Washington, DC Government Printing Oftce, 1963 ) [410 

Food and Agriculture Organization of the Umted Nations Report of the 
Fourth Inter-African Conference on Food and Nutrition, Douala, Cameroun, 
4-13 September, 1961 Pp 54 (Rome Food and Agriculture Organization 


of the United Nations, London HM Stationery Office, 1963) 58 , 
1 dollar £410 
Canada Department of Mines and Technical Surveys Paper 62-34 


Quaternary Stratigraphy m Southern Alberta By A MacS Stalker Pp 
iv+52 75 cents Paper 63-21 Geological Survey of Canada Radiocarbon 
Dates I and II By W Dyck and J G Fyles Pp $1 35 cents Paper 
63-37 Catalogue of the Canadian National Meteorite Collection Listing 
Acquisitions to March 31,1963 by K R Dawson Pp 69 35cents Memoir 
317 The Cretaceous Alberta Group and Equivalent Rocks, Rocky Mountain 
Foothills, Alberta By D Stott Pp 306 (86 plates) 350 dollars 
(Ottawa Queen’s Printer, 1963 ) {410 
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Temperature range 
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A new subminiature insulator, which is speedy 
to assemble, and with outstanding physical 
characteristics The PTFE bush, which ts 
supplied with the heavily silver plated brass 
‘barb’ partly inserted, is located in an ordinary 
062” dia hole and the barbed spillis pressed 
firmly through the assembly, thus expanding 
the PTFE bush on the far side of the chassis 
and locking the complete assembly firmly in 
the chassis 


Write for technical details of these and other 
Oxley products 


OXLEY DEVELOPMENTS CO. LTD. 


ULVERSTON, LANCASHIRE 


You decide: 
is this a good idea? 


200 years ago life assurance as we know tt began-—with the 
Society that became known as the ‘Old Equitable’, the oldest 
mutual lıfe office in the world 

Unswervingly through the years, the ‘Old Equitable’ has 
stuck to its principles, of no shareholders, of paying no 
commission for the introduction of business and of sharing 
its profits among members Today, as helpful as ever and of 
great financial strength, the ‘Old Equitable’ provides life 
assurance for tts members at cost price 

For instance a quarterly payment of £2676 secures a 
man of 34 an endowment assurance of £2,500, sharing in 
major profits and payable shortly before he 1s 60 or at his 
earlier death Those who took out such policies 25 years ago 
are receiving £4,315 this year 

For more about ‘Old Equitable’ assurances, please fill ın 
this coupon 


get in touch with the 


OLD EQUITABLE’ 


Í The EQUITABLE Life Assurance Society 
19 COLEMAN STREET, LONDON, EC 2 


Immediate Annuities [] Personal Pension [] 
j School Fees [4 Income for Dependants [] 
Life & Endowment [] Children’s Policy [1] 
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(Block Letters Please} 


ADDRESS NA | 


_ NATURE 





Capacity less than 5 pF 


Chassis thickness = 22/24 


062” = J," = 1 58 m/w 
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Back Numbers 
of Periodicals 
Required 


BIOLOGICAL ABSTRACTS 
Vols 16, 17, 28-31. 


CHEMICAL SOCIETY LONDON. JOURNAL 
Vols 1930, 1932, 1933, 1934, 1935, 1936, 1939. 


JOURNAL OF AGRICULTURAL RESEARCH 
Vols 76, 77 


JOURNAL OF BIOLOGICAL CHEMISTRY 
Vols 53, 109-130 


JOURNAL OF SCIENTIFIC INSTRUMENTS 
Vol 16 


JOURNAL OF SOIL SCIENCE 
Vol. 14. 


JOURNAL OF THE AERONAUTICAL SCIENCES 
Vols 6, 7, 11-14, 17 nos 9, 11, mdex 


MATHEMATICAL REVIEWS 
Vol 14 


METAL TREATMENT AND DROP FORGING 
Vols 13, 16 


NUCLEAR ENGINEERING 
Vol 1 


NUCLEAR PHYSICS 
Vol 38 no 2,39 no 1 


PHYSICAL REVIEW 
Vols 57—72, 105, 110-122 


SOCIETY OF DYERS AND COLOURISTS 
Vols 39-42 








We hold in Oxford and New York a comprehensive stock of British 
Contunental and American Periodicals and frequently issue catalogues 
Please send your lists of requirements 


ROBERT MAXWELL & GO LTD 
INTERNATIONAL UNIVERSITY AND INDUSTRIAL o 


BOOKSELLERS 
SUBSCRIPTION AGENTS, SPECIALISTS IN 

WAYNFLETE BUILDING, ST. CLEMENTS, OXFORD 

Tel 64881 Cables LEXICOM Telex 83177 


OUT-OF-PRINT AND DIFFICULT-TO-GET 
PUBLICATIONS 

Offices also at 1305, 44th Avenue, Long Island City, 1 Kaiserstrasse 75, 

Frankfurt am Mam Tel 33 7461 24 rue des Ecoles, Pans Ve Tel 

ODEon 30-00 
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GLASSIFIED ADVERTISEMENTS 


are charged at 12s for the first line and 
6s per ime thereafter Lines in capitals or 
contaimng words in capitals 12s per ime 
Semi-displayed £4 lős per single column 
mch Colour (orange) £15 extra 1s 4s 
charged for the re-direction of replies to 
advertisements with a box number 


ADVERTISEMENTS SHOULD BE 


ADDRESSED TO T G Scott and Son, 
Lumited, 1 Clement’s Inn, Strand, London, 
HOLborn 4743 Tele- 
Textoalist, Estrand, London 


WC2 Telephone 
grams 





APPOINTMENTS VACANT 





UNIVERSITY COLLEGE OF 


RHODESIA AND NYASALAND 
MEDICAL SCHOOL 
SENIOR LECTURESHIPS OR LECTURSSHIPS 
IN ANATOMY (INCLUDING HISTOLOGY) 
PHYSIOLOGY (INCLUDING BIOCHEMISTRY) 


Appheations are wnvited for the above Lecture- 
ships in connection with the new Medical School 
of the University College of Rhodesia and Nyasa- 
land The Schoo! provides courses leading to the 
MB,ChB degree of the University of Birming- 
ham The first intake of students was in 1963 
Salary scales Assistant Lecturer, £1,200 by £50 
to £1,350 , Lecturer, Grade EI] £1450 ty £70 to 
£1,800 , Lecturer, Grade I, £1880 by £80 to 
£2200, Semor Lecturer, £2,100 by £100 to 
£2,600 Passages to Salisbury for appoinree, wife, 
and dependent children on appointment, with 
allowance for transport of effects Installation 
grant of £100 m additton for persons recruited 
from outside Africa Superannuation and medi- 
cal ard schemes Unfurnished accommodation at 
rent of IS per cent of salary Assistance given 
for trienmial visits overseas 

Detailed applications (six copies), naming three 
referees, should be sent not tater than January 15, 
1964, to the Assrtant Registrar, The Medical 
School, Birmingham, 15, from whom further par- 
trculars may be obtained 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF MEDICAL PHYSICS 
LECTURESHIP 


Applications are invited for the post of Lec- 
turer in the above Department Salary scale 
Lower, £1,250 by £110 to £1,690 , Higher, £1,805 
by £115 to £2,150 by £110 to £2 700 per annum, 
with placement according to qualifications and 
experience, and with superannuation benefit and 
family allowance where applicable The success- 
ful apphcant will include among his duties those 
of University Radiation Protection Officer and 
will be expected to undertake and supervise re- 
search in this and related fields 

Further particulars may be obtained from the 
undersigned, with whom applications (six copies), 
giving the names of two referees, should be 
lodged not later than December 21, 1963 

CHARLES H STEWART, 
Secretary to the University 


EPSOM GROUP MANAGEMENT 
COMMITTEE 


Senior Biochemist required for the Department 
of Chemical Pathology in the Group Laboratory 
at Epsom District Hosprttal duties principally m 
laboratory supervision with opportunities for con- 
ducting ormnal work Whitley Council salary 
and conditions £1 420 to £1,880 per annum 

Applhcations stating age qualhfications and ex- 
perience, and giving names of two referees, to 
Group Secretary Epsom Distinct Hospiral, 
Epsom Surrey as soon as possible 


UNIVERSITY OF EAST ANGLIA 
SCHOOL OF MATHEMATICAL AND 
PHYSICAL SCIENCES 


Applications are invited for posts of Semor 
Lecturer, Lecturer, or Assistant Lecturer, m 
Mathematics ir the Schoo! of Mathematical and 
Physical Serences from October 1, 1964 Prefer- 
ence may be given to applicants whose interests 
he m continuum mechanics (in particular fluid 
dynamics), analysis, of statistics The salary 
scales are Senior Lecturer, £2175 by £0 to 
£2575 by £75 to £2,650., Lecturer, £1 250 by 
£60 to €1670 by €80 to £2 150, Assistant Lec- 
turer, £1 000 by £50 to £1 150, plus fam ly allow- 
ance and FSSU_ benefits 

Further particulars may be obtaimed from the 
Registrar University of East Angfha Eartham 
Hall, Norwich, Nor 05G to whom applications 
(four copies) fone copy only from overseas), 
should be sent not later than December 16, 1963 
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Ferranti electronics 


have a vacancy for a 


SENIOR PHYSICIST 
or CHEMIST 


to lead a group working on SOLID-STATE 
LIGHT EMITTING DEVICES. 


Candidates should possess a good honours degree 
and 2-3 years experience ın solid state work, 
preferably with III-V compounds. Preferred age 
range 25-40 The appomtment offers the oppor- 
tunity of work with a high degree of scientific 
interest ın a rapidly developing field 


~k Application forms can be obtained from 
T. J. Lunt, Staff Manager, Ferranti Limited, 
Hollinwood, Lancs. 
Please quote reference JRP/15. 
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The Commission of the European 
Atomic Energy Community 


(EURATOM) 


invites applications for the post of 


SCIENTIFIC ‘OFFICER 


in the Biology Department of the Durectorate-General for Research and 
Training, Brussels Candidates must be nationals of one of the Member 
States of the Community (Belgium, France, Germany, Italy, Luxembourg, 
the Netherlands), selection will be based on qualifications 


Principal Qualifications Required 
University degree, preferably in Physics Thorough knowledge of 
dosimetry of 1omizing radiations with reference to biological systems 


Maximum Age* 50 years 
Languages : 
Thorough knowledge of one of the following languages 


French, German, Italan 
Satisfactory knowledge of one other of these languages and, 1f possible, 


English 

Closing Date for Receipt of Apptications December 31, 1963 

Further information, candidature requirements and compa'sory apphcafion 
form are published in the Journal officiel des Communautés europeennes, 
No 165, November 16, 1963, which can be obtained on application to 

AHM Stationery Office, 
PO Box 569, 
LONDON, SE1 





Dutch, 


Price One Shilling 


December 7, 1963 
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CHLORIDE TECHNICAL SERVICES LIMITED 


offer first-class opportunities for careers in 


PHYSICAL CHEMISTRY 


in their 
RESEARCH AND DEVELOPMENT LABORATORIES 


at Clifton, near Manchester, where research covering a wide range of 
scientific processes is bemg carried out in modern, well-equipped 
laboratories 

The Company undertakes research and development for the Chloride 
group of companies who have world-wide interests in the manufacture 
of a range of products, including the well-known Exide, Dagemte and 
Keepalite batteries 


Applications are invited for the followmg positions: 


SENIOR 
PHYSICAL CHEMIST 


The successful candidate will possess a research degree and have 
experience of a sufficiently high standard to enable him to direct a team 
of Physical Chemists studying the kinetics and mechanisms of reactions 
Occurring in storage batteries and fuel cells 

He will have the opportunity to attend International scientific meetings 


and the resulfs of his work will be published m appropriate cases. 


GRADUATE 


PHYSIGAL 


CHEMISTS 


Those appointed will undertake fundamental and applied research 
in electro-chemustry, mcluding work on various battery systems and 


fuel cells 


They will possess an honours degree or equivalent qualifica- 


tion in Chemistry and have had experience in industrial or academic 


ASSISTANT 


research 


PHYSICAL 


CHEMISTS 


Candidates should have graduated recently or possess at least H N C 
in Chemistry Where applicable opportunities will be given for further 
studies at local Technical Colleges, both for day and evening courses 

These appointments carry attractive, salanes whitch are reviewed 


annually. 


There are good prospects of advancement for qualifted 


Chemusts with initiative, drive and enthusiasm 
Excellent employee services are in operation, including a Contributory 


Pension Scheme 


Applications, giving full details of age, qualifications and experience, 


should be addressed to 


Chief Personnel Officer, 
CHLORIDE TECHNICAL SERVICES LIMITED, 
Exide Works, Clifton Junction, Swinton, Manchester. 


UNIVERSITY OF OXFORD 
DEPARTMENT OF ENGINEERING SCIENCE 


There 1s a vacancy for a University Lecturer to 
take part in the research and teaching pro- 
grammes of the Department The appointment 
will be at a salary in the range £1,250 to £2,285 
(according to age), plus child allowances and 
FSSW The post may be held m conjunction 
with a College Fellowship, and the attentron of 
applicants is drawn to the advertisement for a 
Fellowship in Engineering Science at Lancoln 
College which also appears in this issue 

Applications (five copies} should reach the 
Administrator, Engineermg Laboratory, Parks 
Road, Oxford, from whom further particulars 
may be obtained, by December 31, 1963 


APPLICATIONS ARE INVITED FROM 
recent graduates (maie) im zoology or horticulture 
specializing in entomology for the post of Assis- 
tant Entomologist to work on the screening of 
new organic chemicals as potential insecticides 
Salary according to age, qualifications and ex- 
perience ~—Applications, with full details, to Per- 
sonnel Officer, The Murphy Chemical Co Ltd, 
Wheathampstead, St Albans, Herts 





UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF APPLIED MATHEMATICS 


Apphcations are mvited for a post of Lecturer 
or Assistant Lecturer m Applied Mathematics to 
begin duties on October 1, 1964, or such earlier 
date as may be arranged = [nitial salary accord- 
ing to qualifications and experience on the scales 
Lecturer, £1,250 by £60 to £1,670 by £80 to 
£2,150 , Assistant Lecturer, £1,000 by £50 to 
£1,150, with FSS U provision and family allow- 
ance A grant towards removal expenses will be 
made 

Further particulars may be obtamed from the 
Registrar, to whom applications (four copies) 
should be sent by December 31, 1963 


UNIVERSITY OF HULL 
DEPARTMENT OF CHEMISTRY 


Technician Glass Blower (over 21) required for 
the Department of Chemistry Salary on scale 
£540 to £740 per annum, plus quahficetion allow- 
ance where appropriate Position on scale de- 
pendent on age and experience 

Applications to Superintendent of Laboratories 
before December 13, 1963 
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THE AUSTRALIAN NATIONAL 
UNIVERSITY 

HEAD TECHNICIAN FOR DEPARTMENT 
OF GENETICS 


Applications are iumvited for the position of 
Head Technician m the Department of Genetics, 
The John Curtin School of Medical Research, 
Australian National University, Canberra, ACT 
The successful applicant will be responsible to 
the head of the Department and his duties will 
include supervision of techmica!l staff, ordering of 
chemicals and apparatus, general administrative 
dunes and laboratory service The Department 
8 Concerned only with research A wide expert 
ence of bactenological and biochemical laboratory 
practice 18 required, and experience m the band- 
ling of laboratory animals would be an advantage 
The salary offered will be within the range 
£A1,884 to £A2,324 per annum The University 
will pay reasonable removal expenses and will 
provide assistance in obtaining housing for an 
appointment from outside Canberra The post 
uon carries superannuation, long service leave 
and normal fringe benefits 

Applications should be forwarded to the under- 
signed at Box 4, GPO, Canberra, ACT, Aus 
traha by December 20, 1963 


W S HAMILTON, 
Bursar 





PATHOLOGIST 


Smith Kime and French is a Jeading 
company m the pharmaceutical industry 
and has an outstanding growth record 


Continuing expansion has created an 
opening for an experienced histopathologist 
who will be required to establish and de- 
velop a pathology laboratory m our Re- 
search Department This appointment will 
offer considerable scope to a man or 
woman, aged under 40, medically qualified, 
with a wide experience of histopathology, 
particularly of laboratory animals 


The salary paid will be in keeping with 
the importance of the post, and the other 
conditions, Which mclude an excellent non- 
contributory Pension and Life Assurance 
Plan, are very good The Company pay 
generous allowances to new employees who 
have to move home on taking up their 
appoimtment 


Please write briefly but concisely to 
The Personnel Officer, 
SMITH KLINE & FRENCH 
LABORATORIES LTD, 
Mundells, Welwyn Garden City, Herts 


Quoting reference A 3638 





HERTFORD COLLEGE 
OXFORD 
CENTRAL ELECTRICITY GENERATING 
BOARD 


FELLOWSHIP IN ENGINEERING SCIENCE 


The College invites apphcations for the above 
Fellowship, the Fellow to take up his duties as 
soon as possible and in any case not later than 
October 1, 1964 The appomtment will be for 
three years in the first instance Duties to en- 
gage in full-trme research, on a topic related to 
the scientific interests of the CEGBSB, in the 
University Engineerng Laboratory, to assist in 
supervising research students in that Laboratory 
and to undertake a limited amount of teaching of 
undergraduates in the College Stipend in the 
range of £1,250 to £2,285, fixed according to age 
and the rules govermme a comparable university 
post The Fellow wil be entitled to free rooms 
and dining rights in the College He will be a 
member of the Governing Body of the College 
If married, the Fellow will be entitled, m heu 
of free rooms to a marnage allowance of £150, 
and an allowance of £50 for each chid 

Applications and inquiries should reach the 
Principal, Hertford College, Oxford, not later 
than January 17, 1964 





APPLICATIONS ARE INVITED FROM 
Physicists with Ph D for a position in the De- 
partment of Physics, at the University of Victoria, 
Victoria, Brush Columbia, Canada Duties, 
which will meciude teaching and research, will 
commence on September 1, 1964 Salary will de 
pend upon qualifications and experience Salary 
floors at present are $12,000 for Professor, $9,000 
for Associate Professor, and $7,060 for Assistant 
Professor —Appheations and inquiries should be 
aeaee to the Head of the Department of 

hysics 
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SCIENTISTS 
for Information Work 


UNILEVER has vacancies for 


(A) A Chemist and a Physicist to work at Port Sunlight 
(B) A graduate trained ın the Chemical or Biological sciences 


to work at Colworth House 


The successful candidates will contribute to the operation of 
an information service to laboratories employing about 120 
graduate research scientists They will also investigate improved 
methods of handling information, eg punched card and com- 


puter techniques 


Applicants, under 30, should have a good Honours degree or 


equivalent 


Experience is preferred but 1s not essential 


Apply (A) to Staff Office: (Reference S 30A), 
UNILEVER RESEARCH LABORATORY, 
PORT SUNLIGHT, CHESHIRE 


(B) to Staff Officer (Reference FRR/ 243A), 
UNILEVER RESEARCH LABORATORY, 
COLWORTH HOUSE, SHARNBROOK, BEDFORD 





UNIVERSITY OF EAST ANGLIA 
SCHOOL OF BIOLOGICAL SCIENCES 


Applications are invited from plant physio- 
logists or physical scientists interested in plant 
physiological problems for a post as a Senior 
Research Associate in the School of Biological 
Sciences The person appointed would be ex- 
pected to work under the general direction of 
Professor J Damty on a programme of sonic 
and water relations of plant cells and tissues 
financed by a grant from the Department of 
Scientific and Industrial Research The appoint- 
ment would start as soon after January 1, 1964, 
as possible and would normally termimate on July 
31, 1967 The salary scale ıs that for Assistant 
Lecturers in the Unversity, namely, £1000 by 
£50 to £1,150, plus famiy allowance and F S SU 
benefits 

Further particulars may be obtained from the 
Registrar, University of East Angha, Earlham 
Hall, Norwich, Nor 05G, to whom applications 
(two copies), should be sent not later than 
December 16, 1963 





UNIVERSITY OF EDINBURGH 


DEPARTMENT OF VETERINARY 
PHYSIOLOGY 


Applications are invited for the post of Elec- 
tronic Specialist to establish and take charge of 
an electronice workshop from January 1, 1964 
Preference will be given to candidates holding 
Higher National Certificates The duties will in- 
clude the construction, modification, and main- 
tenance of high quality electronic apparatus used 
in biological research Knowledge and experience 
of both valve and transistor methods will be 
required Salary m the range £765 to £900 per 
annum, with placement according to qualifica- 
tions and experience 

Applications, stating age, qualifications and ex- 
perience, should be sent to the Secretary to the 
University, University of Edinburgh, Old Colfege, 
South Bridge Edinburgh as soon as possible 


UNIVERSITY OF ALBERTA 


Research Assistantships and Graduate Teaching 
Assistantships from $3,700 to $4,300 per year 
are available to students studying for degrees of 
PhD and MSc in Chemistry Travel allow- 
ance up to $250 1s provided 

Fer further mformation write Dr H E 
Gunning, Head, Department of Chemistry, Uni- 
versity of Alberta, Edmonton, Alberta, Canada 





= UNILEVER RESEARCH 


PRINCE HENRY HOSPITAL 
SYDNEY, AUSTRALIA 
DIVISION OF CLINICAL CHEMISTRY 


SENIOR SCIENTIFIC OFFICER 
(BIOCHEMIST) 


Applicanons for appomtment to this position 
are invited from graduates m science, or persons 
with equivalent qualifications, whose major sub- 
jects include biochemistry and/or chemistry and/ 
or physiology A minimum of five years experi- 
ence in clinical chemistry 1s required, and special 
traimng or experience in enzymology would be 
an advantage, though not essential Duties m- 
clude assistirg with the mamtenance and expan- 
sion of the clinical chemical services of the hos- 
pital (which 1s the main teaching hospital of the 
University of New South Wales Medical School), 
and with special investigations Current research 
interests include the clinical and Jaboratory 
aspects of protem separation, aromatic meta- 
bolites, metal-chelating agents, vaso-active pep- 
tides and enzymes of tissues and serum Addi- 
tional information ts available from the Head of 
the Division, Dr R J Bartholomew The range 
of salary, subject to vanation with the male 
basic wage, 1s £A2,307 to £A2,382 to £A2,501, 
the initial salary being determined by qualifica- 
trons and experience Conditions of service are 
in accordance with the Scientific Officers (Publ’c 
Hospital Scientists) (Metropolitan) Award 

Applications, mn writing, showmg age, marital 
state, and full details of qualifications and ex- 
perience, together with names and addresses of 
two rcferees, should be addressed to the Chief 
Executive Officer, Prince Henry Hospital, Sydney, 
Australia Closing date January 31, 1964 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF CHEMISTRY 


Applications are invited for two Lectureships 
in Physical Chemistry in the Department of 
Chemistry Preference may be given to appli- 
cants with a special interest in the study of 
synthetic high polymers or in the application of 
radioactive tracer techniques Initial salary in 
the scale £1250 by £66 to £1,670 by £80 to 
£1,830, £1,830 by £80 to £2,150, according to 
age, qualifications and experience, together with 
FSSU and family allowance benefits 

Applications (three copies), naming three 
referees, should be sent by December 31, 1963, 
to the Assistant Registrar (Science), the Univer- 
sity, Birmmngham 15, from whom further particu- 
lars can be obtained 





Broodbank Fellowships: Notice 


Ordinances, pp 495 and 511, Supplementary 
Ordinances, p 796 


The Managers of the Broodbank Fund for the 
furtherance of research m Biochemistry or Bio- 
physics with special reference to the Principles 
and Practice of Food Preservation give notice of 
their intention to proceed to the election of a 
Broodbank Fellow in the Easter Term 1964 The 
tenure of the Fellowship will be from a date to 
be determined by the Managers ın consultation 
with the Fellow <A Fellow will be required to 
devote himself to full-time research in a subject 
approved by the Managers 

Candidature 1s open, but a Fellow must be- 
corre a member of the University 1f he 1s not 
already a member of ut, and of the Superannua- 
tion Scheme ‘The tenure of a Fellowship, which 
will not normally exceed three years, will be 
determined by the Managers The research work 
will be carried out in Cambridge (or in part else- 
where with the Managers’ consent) and will be 
subject to such conditions as the Managers may 
impose 

The annual pensionable stipend of a Fellow Is 
determined by the Managers, provided that it 
shall normally be not less than £750 nor more 
than £1,250, according to the Fellow’s experrence 
and qualifications In addition grants may be 
made by the Managers to cover expenses incurred 
by the Fellow im his work A Fellow must m- 
form the Managers of the award to him of any 
other emolument or of his mtention to undertake 
work other than work approved by the Managers, 
and he may im consequence suffer a reduction in 
his stipend He may, with the permission of the 
Maragers, undertake not more than six hours’ 
teaching a week for remuneration without suffer- 
ing any deduction from his stupend 

Applications (ten copies} must be sent to the 
Registrary, at the University Registry, The Old 
Schools, Cambridge They must contain an out- 
line of the candidate’s proposed research, mdi- 
cating how m his view this bears on the princi- 
ples and practice of food preservation, and must 
be accompanied by a statement of his career and 
his date of birth, by copies of any papers he 
tay have published or references thereto, and by 
the names of at least two referees Not more 
than two testrmomals may also be sent No 
applications received after April 8, 1964, will be 
considered 


MANCHESTER COLLEGE OF 


SCIENCE AND TECHNOLOGY 
(FACULTY OF TECHNOLOGY IN THE 
UNIVERSITY OF MANCHESTER) 


Applications are invited for new appointments 
as Lecturer or Assistant Lecturer in the Depart- 
ment of Mathematics, with correspondmg ttle 
and status in the University of Manchester The 
sections of the Department especially interested 
in these appointments are those concerned with 
(a) pure mathematics, (b) statistics, and (c} engm- 
eering mathematics, and applicants should have 
already completed some research in one of these 
fields Commencing salary according to qualfi- 
cations and experience im the scale Lecturer, 
£1,250 by £60 to £1,670 by £80 to £2,150 per 
annum , Assistant Lecturer, £1,000 by £50 to 
£1,150 Superannuation under FSSU Family 
allowances 

Conditions of appointment and forms of appli- 
cation may be obtained from the Registrar of 
the College, Sackville Street, Manchester, 1, to 
whom completed applications should be for- 
warded by Saturday, December 21, 1963 


UNIVERSITY OF KHARTOUM 


FACULTY OF PHARMACY 


Applications are invited for a Reader or Semor 
Lecturer to act as Head of the Department of 
Pharmacognosy in the Faculty of Pharmacy at 
the Unversity of Khartoum Salary scales 
Reader, £S 2 400 per annum, Sentor Lecturer, 
£S 2,052 by £875 to £82,277 per annum Cost 
of bvng allowance approximately £S 180 per 
annum, at present Outfit allowance £5 50 
Family allowances Wife, £S60 per annum 
first child, £590 per annum, second and third 
chuid, £830 per annum each G@S1=£1 0s 6d 
Sterling } Passages for appomtee and family on 
appomtment, termmation and annual leave 
There ıs a superannuation scheme and artange~ 
ments can be made to maintain FSS U_ policies 
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Direct appointment on contract normally for five | 


years with possibility of renewal (secondment 
welcomed uf possible) Unfurnished accommoda- 
uon provided at rent (excluding rates} up to 7+ 
per cent of salary 

Applications (ten copies), detailing qualifica- 
trons and experience and namung three referees, 
by December 20, 1963, to Registrar, University of 
Khartoum, ce/o Inter-University Council for 
Higher Education Overseas, 29 Woburn Square, 
London, WCi, from whom further particulars 
may be obtamed 
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Permitting the employment of all classical and modern microscopic. 
methods of examination in the visible spectral range. The Pancratic 
Eye-piece—an outstanding achievement of opto-scientific instrument 

making—serves as a stepless magnification variator. 





EB Carl Zeiss JENA 
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Focal Plane Shutter 





Polaroid Camera 
and Adaptor 





Zoom projection eyepiece. 

Automatic magnification indicator. 

Electronically operated photographic integrating timer. 
Built-in 35 mm. camera with automatic shutter control. 
All illumination techniques applicable without disturbing 


the specimen. 


Automatic Integrating 
Photographic Timer 


For full details please send for catalogue No. CM55A 


VIGKERS INSTRUMENTS LTD. 


Successors to : COOKE TROUGHTON & SIMMS LTD. 
C. BAKER INSTRUMENTS LTD. 


HAABY ROAD, YORK = PURLEY WAY, CROYDON 


“Printed in Great Britain by FISHER, KNIGHT & Co., LTD., The Gainsborough Press, St. Albans, and published by MACMILLAN & Co.; Limrirp, at = 
St. Martin's Street, London, W.C.2, and St. MARTIN'S Press, INC., 175 Fifth Avenuc, New York 10, N.Y., U.S.A.—Saturday, December 7, 1963. 
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REDUCED 


QUICK DELIVERIES 





STANDARD INTERCHANGEABLE 


VITREOSIL GROUND JOINTS AND 


REGO. TRADE MARK 


pure fused quartz FABRICATED APPARATUS 





Replanned production, increased output and reductions in 
manufacturing costs have enabled us to offer Vitreosil Ground 
Joints (B.S.572) and Fabricated Apparatus at REDUCED 
PRICES, each with extremely good deliveries. 

Most joints are now available ex-stock at the new lower prices. 
(Standard Packs of 10 joints will also save you 10%). 

all BRITISH Complicated or simple forms of apparatus, to your own special 
requirements, will be fashioned by highly skilled craftsmen at 
extremely competitive prices for early delivery, 
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T Here, a problem shelved 
is a problem solved— 


j Vacuum freeze drying, involving the sublimation of water from frozen material to leave a dry porous 
sponge which may be readily reconstituted, is today recognised as offering many advantages in 
the preservation of medical, veterinary, pharmaceutical, industrial and foodstuff materials. There 


are two techniques—‘‘centrifugal” and "shelf" freeze drying, and Edwards have long specialised 
in supplying equipment for both. 


The shelf method involves the loading of materials (prefrozen in some cases) on drying chamber 
: shelves that can be refrigerated or heated to produce just the right conditions for rapid evaporation. 

“Speedivac” shelf dryers range from small laboratory apparatus to plant for very large scale 
ë drying, with drying chambers for up to 20,000 19 mm diameter vials. The chambers open on to a 
sterile area, and push buttons control an automatic operating cycle. Even larger plant is available 
to specification. 


May we send you fuller details in Leaflet No. E 437/1? 


‘SPEEDIVAG’ FREEZE DRYING EQUIPM 


“Speedivac” products and service are available internationally 
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New Service 3 microscope fitted with the Barnet 
Mechanical Stage and integral transmitted light base 








TO THE successruL Service Range of microscopes 

Watson now add the Service 3, a robust, easy to use 
: . instrument that reflects the latest achievements in 
microscope design and technology. In the Service 3 
long-term reliability and simplicity, essential to student 
use, are added to the versatility of optical and mechanical 
arrangements demanded by busy research laboratories. 
Highest standards of optical performance are assured 
by the new range of Watson objectives, sleeve-mounted, 
4mm and 2mm spring-loaded for the protection of 
specimens, fully interchangeable and colour-coded for 
easy identification. The new objectives are available 
throughout the Service range, together with other 
recent developments including the Barnet mechanical 


stage (illustrated above). Service Microscope 
. . with quadruple nosepiece 
If you would like to know more about these outstanding instruments, | 
. please write for full details to i 


W. WATSON & SONS LTD: BARNET : HERTS Tel: Barnet 4404 Cables: ‘ Optics’ Barnet 
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MIGROSCOPE 
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SINGER 


FULLY PATENTED 


MIGROMANIPULATOR 


Singer micromanipulators are used tn 
most laboratories all over the world 
Three types available 

Mk I Low power for magnifications 
x1 to x200 

Mk H For magnifications x1 to 

x 500 

Mk IH High power for magnifications 
x 100 to x 1,000 plus 

The most advanced instruments for 
micromanipulation As described by 
Barer and Saunders-Singer with further 
improvements 

Full details and demonstrations upon 
request to 


SINGER INSTRUMENT CO. LTD., 
Fountain Court, 83 London St, 
Reading, Berkshire, England 
Telephone Reading 53613 
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instrumentation 
tape recorder 
type STR 


Frequency response from 
DC to 100 cps 


All transistorised— 
two channels 


Records and reproduces in the 
same unit 


Measured under DC conditions 
is +2% AC response 
up to 100 cps is +03 db, 


Price £350 
Fully descriptive leaflet on request 


FENLOW ELECTRONICS LIMITED, Weybridge, Surrey, England. Telephone Weybridge 43978, 
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OVERHAULING BRITAIN’S SCIENCE MACHINERY 


T. 18 a remarkable tribute to the msight and thorough- 

ness of the Report of the Machinery of Government 
Committee, prepared by a Committee under the chau man- 
ship of Lord Haldane in 1918, that after nearly fifty years 1ts 
views on the Government organization for scientific 
research should not only be quoted at length by Sir Burke 
Trend and his colleagues* but should also be regarded 
by them as providmg a firm basis for meeting the needs 
of to-day, at least so far as the Research Councils and 
their relations to a Mimster for Science are concerned 
This does not m any way detract from the value of the 
work which has now been carried out by the Trend Com- 
mittee of Enquiry into the Organization of Civil Science, 
though ıt could not_be suggested that ris Report is a 
State paper comparable ın significance with that of fhe 
Haldane Committee (see Nature, 103, 85, 1919) This is 
not because the Trend Commuttee has mterpreted its 
terms of reference too narrowly or because 1t attempted 
to provide neat solutions without delving deeply mto 
difficulties and underlymg problems There is, indeed, 
one astonishing blind spot, the Report can be fairly 
eriticized for not examiming the problem of co-operative 
research im any depth Moreover, ıt does not consider 
more than rather superficially the problem of depart- 
mental organization of science, though the Committee in 
its remarks on the location of the Buldmg Research 
Station and the Road Research Laboratory shows itself 
woll aware of the essential conditions. Apart from this, 
the Report provides a faw and balanced review of the 
existing organization and the factors of which account 
must be taken However, ıt does not examine, as the 
Haldane Report did, the fundamental nature of the 
problem of tendering scientific advice in the process of 
Government and the prinerples to be observed 

The Committee was appointed in March 1962 to con- 
sider (1) whether any changes were desirable in the 
existing functions of the various agencies, for which the 
Minister for Science is responsible, concerned with the 
formulation of cvil scientific pohcy and the conduct of 
civil scientific research, and whether any new agencies 
should be created for these purposes, (2) what arrange- 
ments should be made for determining, with appropriate 
scientific advice, the relative umportance in the national 
interests of the claims on the Exchequer for the promotion 
of cıvıl research in the various fields, (3) whether any 
changes were needed m the existing procedure for financing 
these agencies or accounting for their expenditure It did 
not examine either issues of policy or consider the scale 
or content of research programmes, and the Report does 
not enter mto the theory of organization The survey is 
based on the assumption that the Government’s organiza- 
tion for promoting research and development m the ervil 
field must be such as to ensure that the resources provided 
are used to the best advantage, that unnecessary duplica- 
tion of effort 1s ehmmated, and that new ‘growimg points’ 
are fostered and encouraged 

In ts survey of the existing organization m Britain, 
the Report estimates Government expenditure on civil 
research and development m 1962-63 at £151 6 milhon, 


* Commitee of Enquiry nto the Organization of Oml Science Pp 59 
(Cmnd 2171} (London HMSO ,1963) 4s net 


compared with £6 58 milhon ın 1945-46 The major items 
are £50 million for the Atomic Energy Authority, £24 7 
million for the Mimistry of Aviation, £24 million ım the 
universities (and learned societies), £21 4 milhon through 
the Department of Scientific and Industral Research 
Besides expenditure of £6 millon and £65 milhon, 
respectively, on the Medical Research Councl and the 
Agricultural Research Council and £46 milhon on the 
Agriculture Departments, some £2 8 milhon ıs expended 
in, other cıvıl departments, £1 2 million on space research 
and £1 millon each by the Admiralty on observatories 
and oceanography and by the Aw Mmustry on meteor- 
ology and aviation medicme Some £800,000 a year 1s 
expended by the Development Commission on scientific 
research 

By and large, the factual survey led the Committee to 
conclude that m the aggregate the agencies concerned 
with promotmg civil science do not constitute a coherent 
and articulated pattern of organization and that the 
arrangements for co-ordinating the Government’s scientific 
effort and apportioning available resources on b rational 
basis ao imsufficiently clear and precise It does not 
suggest any criteria of coherence but considers that any 
satisfactory structure should peimit and encourage com- 
mon interests and, shared purposes to transcend artificial 
limits of organization At present ıb sees some danger 
that the proper distinction between the roles of the 
universities and of the Research Councils may become 
obscured as a result of post-war developments which 
diminish the self-sufficiency of the universities as centres 
for promoting scientific research The Committee m- 
stances the inconsistency between the. Admuralty’s 
continuing responsibility for the Royal Observatory and 
the responsibilty of the Department of Scientific and 
Industrial Research for other research in astronomy 
The division of function and responsibility for promoting 
development contracts between that Department and the 
National Research Development Corporation is also 
eriticized, as well as the arrangements for co-ordinating 
the activities of that Department with the Mimstry of 
Aviation and other departments 

The present arrangements are not conduerve to the 
concentration and flexibihty which are becoming ın- 
creasingly unportant in scientific research and develop- 
ment, nor does the Advisory Council for Scientific Policy, 
with 1ts present inadequate staff and lack of responsibility 
for finance, possess effective means of influencing priorities. 
The composition of the Council 1s also criticized, the 
presence on ıt of official members who necessarily represent 
the several policies of the organizations which they serve 
18 1egarded as meconsistent with the conception of an 
advisory council’ The Trend Committee recognizes that 
the issues involved in deciding alke the nature, number 
and functions of the agencies required and of the organ- 
ization to provide a comprehensive and coheient research 
strategy and advise on the distribution of resources, are 
complex, and ıb stresses the necd for a revised form of 
organization to hold a far balance between the freedom 
of thought and action desiderated by responsible scientific 
opuuon and the national need for efficient use of resources 
Nevertheless, the attitude hitherto mamtamed by the 
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Minister for Science can no longer prevail without modi- 
fication, and some new arrangements must be concerted 
to correct the manifest deficiencies 

So far as the universities are concerned, like the Robbins 
Committee f, the Trend Committee upholds the principle 
of the University Grants Committee and assumes that 
the universities’ general income, from which their teaching 
and research functions are maimly financed, will contimue 
to reach them in block grants, covering a period of years 
Nevertheless, ıt also considers that the system of additional 
earmarked grants, at present operated mainly through the 
Research Councils, 18 vital for the proper development of 
scientific research in the universities and should be con- 
tinued It offers the indispensable safeguard to centralized 
provision as well as meeting the unforeseeable contin- 
gencies arising out of the rapid advance of science The 
Trend Commuttee does not believe that ıt would be a 
satisfactory arrangement for the University Grants Com- 
mittee to assume the full responsibility for university 
research, mncluding the functions at present exercised by 
the Research Councils 

On the contrary, the Committee considers that, subject 
to certam safeguards, the present, system provides the 
most satisfactory arrangements for the support of science 
m the universities, and 1t suggests that the partnership 
between the universities and the Research Councils should 
be extended to deal with the problems that arise from 
the increasing costliness of certain types of essential 
equipment Safeguards are needed, however, to ensure 
that the earmarked grants do not become so large in 
scope and scale as to distort the pattern of universty 
research The Trend Committee was not satisfied that 
Research Council grants for specific projects always 
covered the real costs of these projects, mcluding the 
overheads and provision of techmeal assistance and 
accommodation. It thought that this question required 
further consideration by Research Councils and welcomed 
the recent decision to allow Research Councils to supple- 
ment grants for postgraduate trammg by contributions 
towards the meidental costs of equipment, ete Further, 
it insists that, m apportionmg thew general mcome, the 
universities must bear m mind the needs of the country 
in research no less than in teaching, and that an effective 
means must be provided for ensuring that financial 
responsibility for research projects 1s transferred from the 
Councils to the general mcome of the universities when 
the research which the Councils have been supporting 
becomes an integial part of the work of the universities 
and when new subjects, developed from these researches, 
ought to be meorporated mto the general university 
structure 

Such a procedure has already been devised and used for 
the transfer to university general funds for the 1962-67 
quinquennium of 16 per cent of expenditme previously 
financed by the Research Councils, and the Trend Com- 
mittee is satisfied that this procedure provides the neces- 
sary safeguaid It ıs also satisfied that the universities 
generally accept them responsibihty for national needs 
m research, and although the Committee is well aware 
that the research needs are lable to be overlooked when 
universities are boing asked to concentrate them resources 
on increasing the number of places available for students, 
the Robbins Report lays suificient emphasis on the 
expansion of postgraduate activities and on the develop- 


+ Committee on Higher Education Highe: Education Report of the Com- 
mittee appointed by the Prime Mamster under the Chawmanship of Lord 
Robins Pp ati + 835 (Cmnd 2154) (London HMSO, 1963) 
15s net See also Nature, 200, 925 (1963) 
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ment of research to suggest that the danger is not very 
serious Further, the Trend Commuttee urges the Research 
Councils to consider the establishment of units within, or 
in association with, universities as an alternative to the 
creation or expansion of separate research institutes It 
also suggests a modest expansion of the system of Research 
Professorships of the Royal Society and that the univer- 
sities might direct attention to the provision of a larger 
number of professorships and other semor posts m ther 
science departments—the Commuttee insists that, m 
the long-term, university finance should be on a scale 
sufficient to permit the creation of such posts out of 
general income 

The Report recommends no change in the present 
functions of the Medical Research Council or the Agrı- 
cultural Research Council, though the Committee suggests 
that when the latter Counel has completed a current 
review of facilities for research im relation to processing 
umported food, existing arrangements for 1esearch on 
food-processmg should be examined in more detail On 
the other hand, the Commuttee finds the present com- 
bination of responsibilty for scientific research with that 
for industrial research and development m the Depart- 
ment of Scientific and Industrial Research unsatisfactory 
It unhesitatingly recommends the dissolution of that 
Department and the distribution of its functions and 
responsibilities between three new agencies, all responsible, 
hke the other two Research Councils, to the Minister for 
Science - Two of these will be Research Councils—a 
Science Research Council and a National Resources 
Council—and the other, in view of the executive character 
of some of its functions, which will meclude those now 
exercised by the National Research Development Cor- 
poration, will be an autonomous agency, the Industrial 
Research and Development Authority 

If the Committee’s recommendations were followed up, 
the Science Research Council would assume the responsi- 
bility for the support of relevant research ın universities 
and simular institutions as well as for postgraduate awards 
m science and technology, and its activities would not be 
so narrowly mterpreted as to hinder ıt from fostering the 
expansion of technological research, whether m univer- 
sities or other institutions, on which the Robbins Com- 
mittee lays emphasis It ıs not to be confused with the 
Advisory Council on Scsentific Pohcy, which 1s to be 
reconstituted with the authority and resources that its 
status as the chief advisory body to the Minister for Science 
demands Initially, the Science Research Council is con- 
ceived as bemg organized im six divisions, based on scen- 
tific diseiplmes, and including responsibility for financmg 
the National Institute for Research in Nuclear Science, 
for the scientific aspects of the United Kingdom’s relations 
with the Council for the Encouragement of Nuclear 
Research, for the supervision of the scientific space 
1esearch programme and for the United Kingdom’s 
interest m the European Space Research Organization 
It would assume direct control over the Royal Observa- 
tories, but 1esponsibihty for the Meteorological Office 
should remain with the Air Mmstry The Report makes 
no attempt to define the precise nature of the organization 
required, but ıt points out that the new Counce must 
also be prepared from the start to encourage activities 
devoted to the synthesis of scientific experience, including 
new applications of scientific method, and that additional 
divisions for the purpose should be established as required 
Any means of providing the scientzfie basis for workmg out 
policy such as Dr § Toulmin has suggested could pie- 
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sumably be fitted ın at this point (see Nature, 200, 503, 
1963). 

The recommendation for the establishment of a National 
Resources Research Council follows the recommendations 
of the Report of the Committee set up in 1961 under the 
chairmanship of Su Wilham Slater by the Advisory 
Council on Scientific Policy This Council should be 
1esponsible for all the functions now exercised by the 
Nature Conservancy, including the management of nature 
reserves, the Trend Committee agreemg on this last point 
with the Advisory Council rather than with the majority 
of the Slate: Commuttee It would also be responsible for 
research into hydrology, fisheries and related aspects of 
aquatic biology, though not for the management of the 
Departmental fisheries laboratories and the Torry Research 
Station, for the Geological Survey and the Soul Surveys, 
for long-term forestry research, and for research into 
oceanography, although admunistiative responsibilty for 
the National Institute of Oceanography would remain 
with the Admiralty The Development Commussion’s 
research activities m fisheries, oceanography and marme 
biology should also be transferred to agencies under the 
new Council, but further consideration of the future of the 
Commussion 1s called for, particularly with reference to 1ts 
responsibilities ın rural development and rural sociology 

In some details, as indeed 1s already indicated, these 

proposals do not follow the recommendations of the Slatex 
Committee, as the Trend Committee had reservations 
about some of the detailed recommendations, but it 
agreed that existing arrangements for promoting scientific 
reseaich ın ecology aie deficient and that ıt would be 
ight to bring together, ın one organization, work which 
1s now the responsibility of various agencies The Trend 
Committee does not propose to transfer to the new 
Council at present either the Water Pollution Research 
Station or the Hydraulics Research Station, but the 
Hydrological Research Unit should be transferred, and 
the new Council should also be responsible for the existing 
Committee on Hydrological Research The majority of 
the existing research stations of the Department of 
Scientific and Industrial Research would be transferred 
to the new Industrial Research and Development 
Authority, and one of the sıx divisions of this Authority 
envisaged would be devoted to thew administration 

Another drvision of the Authority would be responsible 
for grants for applied research or specific research projects 
in. the industrial field, and 1t 18 suggested that the Human 
Sciences Committee of the existing Department might 
form part of this division The support of mdustrial 
1esearch associations would fall to a third division, and 
it 1s suggested that a fist task of the new Authority 
would be to consider whether any changes in the organ- 
ization. of the associations, the scale of their operations o1 
the method of financing are requued The Tiend Com- 
mittee seems to accept the view that some of the smaller 
associations could be amalgamated with advantage, and 
it proposes the same division should be made responsible 
for the unit created for promoting operational research in 
industrial operations Another division would continue 
the work at present sponsored by the Department’s 
Economics Committee of technico-economic surveys of 
certam mdustries in relation to thew needs for research 
and development, and this division in particular would 
have close relations with the National Economic Develop- 
ment Council 

A main reason for advocating the establishment of the 
new Authority 1s the Trend Commiuttee’s behef that con- 
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siderable development of the Department of Scientific and 
Industrial Research’s activities im industry ıs required, 
particularly in relation to the activities of the National 
Economic Development Council and, in promoting 
development contracts, the National Research Development 
Corporation Such development the Committee regards as 
of major and growing mmportance, and 1ts proposal that 
the work of the Corporation and the Department’s 
activities in this field should both be transferred to a 
Development Division of the Authority, operating on 
sumilar hnes to the Corporation and with a hke measure 
of independence but reheved of the statutory obligation 
that 1ts operations should break even, 1s obviously sound 
Further, the Trend Committee suggests that this 
Development Division should be authorized to stimulate 
Departments to place development contracts for new 
inventions and equpment, playing a positive part and 
encowagmg initiative 

The Commuttee’s recommendations for the dissolution 
of the Department of Scientific and Industrial Research 
and for the re-grouping of its functions are logical and 
seem fundamentally sound They should elummate some 
of the present weaknesses and should also increase the 
effectiveness of the National Research Development 
Corporation Moreover, the Committee is well aware of 
the importance of effective co-operation between the 
various Research Councils themselves and between. the 
Councils and Government departments and other organ- 
izations, mcluding the defence departments Although 
no specific arrangements are suggested, the desurability 
of a close lnk between the Mmistry of Defence and the 
Industrial Research and Development Authority 1s par- 
ticularly desiderated Further, the new Advisory Council 
to the Minister for Science, which, 1t 16 recommended, 
should replace the present Advisory Council on Scientific 
Poley, with similar terms of reference but consisting 
entirely of independent members, half of whom should be 
scientists, some industrialists and some with wide experi- 
ence of public affairs, provided with adequate staff and 
resources, should supply the necessary oversight and 
co-ordination 

That Council, however, 1s part of the new arrangements 
proposed in regard to the Minister for Science, but there 
are two further matters which should be noted first One 
of the six divisions initially suggested for the Industrial 
Research and Development Authority 1s concerned with 
the dissemmation of scientific and technical information, 
including the co-ordmation of imformation activities 
throughout the Authority It 1s recommended, however, 
that the Office of the Mumster for Science should take 
over the management of the National Lending Library 
for Science and Technology and the support of the 
Association of Special Libranes and Information Bureaux 
This again 18 an improvement on the present arrange- 
ments, but ıt 18 still only a first step For all ıts recognition 
of the value of information work, the Trend Commuttee 
shows no appreciation of the importance of a national 
library policy Arrangements which leave the manage- 
ment of the National Lendmg Library for Science and 
Technology and of the new National Reference Library 
for Science and Invention ın different hands are not ideal, 
and the proposals here are only acceptable as an expedient 
while the wider issues of ministerial responsibility are 
being decided 

The second matter 1s one on which the Trend Com- 
mittee displays an extraordmary lack of msght It 
blandly proposes that the Overseas Research Council, 
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which ın 1959 replaced the Colonial Research Council, 
should be dissolved, suggesting that 1t has now discharged 
its functions The Overseas Research Council has, in 
fact, never issued a report and ıt would be more accurate 
to suggest that ıt has never functioned Since the Colonial 
Research Council was dissolved, the Government has 
drawn a verl over overseas research in spite of 1ts increasing 
importance and urgency, and the importunities of those 
who recognize what is at stake have had no effect on 
either Government or Opposition The two great political 
parties have both been content to watch the leadership, 
which Britam once gave and should still be giving in this 
field, pass to the United States, the Department of 
Technical Co-operation has so far been unable to break 
the silence or end the neglect. While the Trend Com- 
muttee does, ın fact, admut that research im less-developed 
countries should not be neglected entirely and that the 
Department of Technical Co-operation is & less suitable 
means for furthermg such efforts than a research council, 
its proposal that this should be meluded among the 
responsibilities of the Mister for Science for the Govern- 
ment’s ternational relations in scientific matters 1s 
entirely madequate The Commuttee’s lack of vision and 
appreciation of Britain’s place m the world of to-morrow 
is @ blot on an otherwise sound and constructive 
Report 

Of the further changes recommended m regard to the 
Minister for Science, 1t will suffice to note here that 1b 1s 
proposed he should assume additional substantive 
responsibilities for promoting civil scientific research and 
development, particularly as regards the allocation of 
available funds, and that the power to appomt the 
governing bodies of the several research agencies and the 
authority to issue formal directions should be vested m 
him and not, as at present, in Privy Council Committees 
The Report shatters the attempt which the Mmuster has 
so long maintaimed to operate with a minimal Office and 
recommends strengthening his staff and facilitating 
exchange of personnel between his Office, the headquarters 
of the research agencies and the stations which they 
operate Here, generally, ıt 18 ın lne with the recom- 
mendations for a Science and Poley Office considered 
at the Ministerial Meeting on Science in Paris m October 
(Nature, 200, 719, 1963) 

Leaving for later discussion the question of arrange- 
ments at ministerial level in the hght of any decision re- 
garding responsibility for higher education, ete , the Trend 
Committee’s proposals offer opportunities for mmediate 
action to improve the present arrangements However, 
while that action ıs bemg taken, the matters which the 
Committee has left on one side, such as co-operative 
industrial research and the future of the research associa- 
tions and the location of some of the research stations, 
could be further studied There ıs no @ priors reason 
why the new Advisory Council, the Councils for Science 
Research and National Resources Research and the 
Authority for Industrial Research and Development 
should not be established as quickly as possible, though 
this will require legislation, and the process may well 
provide a touchstone of the sincerity of the support which 
the political parties promise to scientific and technological 
work There are points on which considerable difference 
of opmion is possible, but the differences do not lie on 
party political lines, and the proposals of the Trend 

eport offer a means of rectifying some of the present 
weaknesses in the organization of cvil research m Britam 
which calls for firm support from all political parties 
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Scientists in Industry 

Conflict and Accommodation By Dr Wiliam Kornhauser, 
with the assistance of Warren O Hagstrom Pp xu+ 
230 (Berkeley and Los Angeles University of California 
Press, London: Cambndge University Press, 1962 ) 
6 dollars, 48s 


Managing Creative Scientists and Engineers 
By Eugene Raudsepp Pp xvi+254 (London and New 
York Coller-Macmuillan, Ltd, 1963.) 55s 


OTE books are concerned essentially with the theory 
and practice of research management, but m approach, 
as well as in style and treatment, they are m sharp con- 
trast Dr. Kornhauser examimes the conduct and manage- 
ment of research as an example of the relations between 
professional workers and the mdustrial and other organ- 
wations by which they are employed, and 1f he 1s inclined 
at times to exaggerate the conflict and stran which may 
arise between professional mterests and those of Govern- 
ment or mdustry, his book 1s an important contribution 
to the discussion of the place and functions of the pro- 
fessions m the technological society of to-day He takes 
up the exammation where Carr-Saunders and Wilson left 
it thirty years ago, but with due acknowledgment to the 
subsequent mvestigations of Lewis and Maude Dr. 
Kornhauser does not accept without reservation Carr- 
Saunders and Wulson’s view of the professions nor does 
he give any precise definition to put in its place Never- 
theless, he recognizes the importance and value of that 
earher work, if he seems rather to overlook the stress 
which they laid on a profession as providing the permanent 
anchorage and shelter which are the prerequisite for 
independence and mtegrity m professional service to 
society 
Dr Kornhauser’s book ıs based on the findings of an 
investigation he conducted as a member of the Institute 
of Industrial Relations of the University of Calforma 
among a group of scientists and engmeers engaged m 
industrial research, mostly employed by mdustry, but 
some by Government and independent research organiza- 
tions At the outset he outlines the ways in which tension 
18 hable to arise between. professional ideals and mterests 
and the objectives of the organization m which the 
scientist or engineer 1s employed ‘This is followed by 
discussions of professional goals m industry, the ways m 
which professional controls can be exercised m mdustry— 
and here he discusses the management of research more 
specifically—professional organizations and their relations 
with mdustry, professional mcentives m mdustry, pro- 
fessional influence m industry, and, finally, the adapta- 
tions of the professions and imdustrial organizations 
towards one another Dr Kornhauser is writmg m an 
American context and 1t 18 important to remember this 
in reading lus forthright rejection of the Trade Union, 
but he ıs not unmindful of conditions m Britain, though 
he makes no reference to the work of such bodies as the 
British Association of Chemists, the Association of 
Scientific Workers or the Institution of Professional Crvil 
Ser vants 
Such omissions apart, Dr Kornhauser deals fawly 
enough with the mam problems that arise m the relations 
of professional men with mdustry or mdeed with society 
in general, and with the functions of the professions to-day 
now that such a high proportion of ther members are 
now no longer self-employed but employees The mph- 
cations for the future are mdicated clearly enough, and 
while, as already noted, Dr Kornhauser’s first pre- 
occupation 1s with the American scene, his vision 1s much 
wider, and an excellent bibhography is not hmuited to 
American sources but meludes the major contributions 
from Britam Well written and substantially free from 
jargon. 1t will be read with mterest by scientists and 
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professional men generally and not simply by those 
concerned with the practice or management of 
research 

While the research manager will find many pots for 
reflexion if not suggestions for practico m Dr Korn- 
hauser’s book, that of Dr Raudsepp, directed specifically 
at the research manager, appoars to be addressed also to 
the managed, at least to judge by an appendix, “In- 
creasing your creative problem solving abilhty”, which 
seems somewhat out of place, though ın themselves, if 
adopted, some of the suggestions might assist the scientist 
in adjusting himself to mdustry Dr Raudsepp, in fact, 
does not seem quite sure of himself or of the type of 
reader he is addressmg He begms with two chapters 
dealing with the creative process and the characteristics 
of the creative professional, but ıt 1s never clear whether 
he is concerned essentially with discovery or with mven- 
tion. Failure to make the distinction confuses much of 
his writing throughout the book, and this part also 
ulustrates another main weakness While an under- 
standing of the nature of discovery and mvention and the 
conditions most favourable to them ıs a logical starting 
pomt in considering the management of research workers, 
the examination of the creative process 1s far too super- 
ficial and is hmrted to American sources Apart from 
Ghiseln, scarcely a major contribution 18 mentioned, and 
for aa understanding of the creative process rtself one 
must still turn, for mstance, to the writings of J L 
Lowes and J J Thomson and Sir Henry Dale, to Mrs 
Jacquetta Hawkes’s talk on her father, Sw F Gowland 
Hopkins or to C Nhcolle’s httle book, Burologie de 
LP Invention 

For the research manager, however, the essential thing 
is to understand the conditions for creative work in 
which the mind has free play, and the second part of the 
book discusses the factors m the general climate of 
culture and ndustry m the United States which wnhibit or 
stifle creative work or that favour 1ts expression In the 
second of these chapters, Dr Raudsepp makes several 
suggestions for changing the industrial conditions so as 
to promote creative work and imuitiative, but ıt 18 ın the 
third part of the book that he addresses hunself specifically 
to the problem of managing creative research, and by 
that_he means essentially fundamental research Here 
again there ıs some confused thinkmg, and particularly 
when he comes to discuss the work of teams or groups, 
where a number of assumptions are open to question 
Nor does he attempt to distinguish between supervision 
and management of research, though what reads lke a 
deliberate attempt to obliterate a distinction recently 
emphasized by a Workmg Party of the Federation of 
British Industries seems, on the contrary, to demonstrate 
the validity of the distinction 

His concluding chapter 1s entitled “Supervising Creative 
Professionals” and 1s concerned with what in Britam 
would be generally understood as the management of 
fundamental research Much in this chapter, and also m 
the suggestions made regarding incentives in the pre- 
ceding chapter on motives of creative workers, 18 essen- 
tially sound, though sometimes ıt verges on the trivial 
and at other points is controversial, if not provoca- 
tive 

By and large, Dr Raudsepp 1s inclined to be too sweeeping 
m his generalizations, particularly about people, and his 
heavy, sometimes staccato, style does not make for easy 
reading Here and in his excesstve use of jargon, not 
always self-explanatory, the absence of any bibhography, 
and the fragmentary character of his references, his book 
contrasts sharply with Dr <Kornhauser’s Industral 
research managers who read this book will doubtless find 
some useful suggestions, though some may have con- 
siderable reservations, and 1ts practical value is hkely to 
be in direct rather than m mverse proportion to their own 
experience and vision 
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MONOPHYLETY VERSUS 
POLYPHYLETY 


The Origin of Races 
By Carleton S. Coon Pp xh+724+xx1+32 plates. 
(London Jonathan Cape, 1963) 63s. net. 


HE classical view of the origin of the present-day 
races of man 18 one of comparatively recent diversifica- 
tion from a smgle stock However, as ever more fossil 
remains are discovered, ıt becomes mereasmgly lkely 
that the species Homo sapiens did not arise m a restricted 
area, and that there never was a sıngle stock ın the sense 
of a particular geographical group of populations There 
is still considerable controversy as to what fossil hommuids 
should be mcluded withm the taxon Homo sapiens Many 
of the arguments result from the difficulty of recognizmg 
paleospecies It is evident that if the fossil record were 
complete the makmg of taxonomie groups within the 
evolutionary continuum must mvolve putting father and 
son m different categories at some level or other When 
there are data on the ecology and size of fossi] populations 
it is occasionally possible to brng some objectivity to a 
taxonomy of evolutionary clades, but m most cases, and 
certainly so in paleoanthropology, classifications must 
perforce be essentially arbitrary In the past, much 
use was made of the ‘gaps’ in the fossil record, but many 
of these ‘gaps’ have now been filled and the ancestry 
of present-day man can be traced back to at least the 
Middle Pleistocene with a reasonable degree of certamty 
There 1s an mcreasmg tendency to refer all these ancestral 
forms to the species saprens not only because of the 
cladal continuity but also because of the many otherwise 
anique features which are shared with present-day 
man 
If then the specios, ın this sense, 18 quite old the possı- 
bility exists that the races of man are also old, but there 
13 variable opmion as to how old Coon, in this book, 
maintains that the major races are extremely old and 
that they wore differentiated at least as early as the base 
of the Middle Pleistocene Unfortunately, he does not 
systematically present and evaluate the evidence for this 
view, and in the main ıt 1s left to the reader to extract 
the relevant information from the wealth of data which 
18 given in a descriptive way about not only all fossil 
hominids but also the rest of the Primates Tt would 
seem, however, that particular mmportance 1s attached to 
two facts In the first place, Coon pomts to the immense 
differences which exist between the languages of the world 
to-day, and considers that such diversity must indicate 
long separation This theme, however, 1s not developed, 
and his remark that “it takes 20,000 years for two sister 
languages to lose all semblance of relationship”’ would seem 
to indicate that the evidence 1s not of any great relevance 
anyway It ıs doubtful if anyone thinks that the differen- 
tiation of the major present-day races did not begin con- 
siderably earher than this The second type of evidence 
18 more compelling and rests on the occurrence of distine- 
tive racial characteristics m both the present-day popula- 
tions of large geographical areas and m fossil populations 
from the same areas Coon considers that there 1s a more 
or less complete morphological sequence of forms con- 
necting the present-day Australoids with Java man, and 
he recognizes distinctive mongoloid features m the fossil 
hominid remains from Eastern Asia, meludmg Peking 
man, Caucasoid features m the European fossils, and 
Capoid (Bushman-Hottentots) and Congoid (Negroid) 
features in some of the ancient remains from differen’ 
parts of Africa These distinctive geographical patterns 
are interpreted as mdicatmg separate phyletic descent 
for at least these five major races of man from the times of 
Java and Peking man Since the latter are usually 
included m a different species (H erectus) from modern 
man and some would consider that the differences are so 
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largo as to warant generic status (Prthecanthropus), 
such @ view mmples extremely extensive parallel evolution 

To account for this parallelism, Coon poimts out that 
most of the changes which occurred during the later 
phases of hominid evolution are, m. the evolutionary sense, 
general improvements, and that, therefore, selection would 
have favoured them m all environments and every geo- 
graphical population In such polyphyletic gradal evolu- 
tion, however, 1t 18 unlikely that the rates of change will 
be simular in each area, and one would, therefore, expect 
that some populations are m the biological sense more 
primitive than others As evidence of biological piiumitive- 
ness, Coon points out that the Tasmamians at the time of 
their discovery were “hving in a culture 100,000 years 
old? He considers, m fact, that some racos have only 
just crossed the sapiens species boundary, while others 
did so some considerable time ago 

It ıs perhaps this conclusion more than any other which 
has been responsible for the bitter aciumony with which 
this book has been recerved, since rb implies that some races 
of present-day man are biologically mferior to others 
However, quite apart from these unfortunate overtones, 
for which there is no objective scientific evidence, there 
are a numbor of objections to Coon’s view The main 
one, of course, 18 that all present-day populations of man 
wil naturally mterbreed and produce fertile offspring 
that they are, in fact, only races of the same species 
Had they evolved completely separately from one another, 
it seems extremely unlikely that the many differences 
between erectus and sapiens, even 1f phenotypically estab- 
lished five times over, would be gonetically estabhshed 
in more or less the same way on each occasion 

It seems far more probable that the sumilarities between 
present and past populations of the same geographical 
area, which Coon uses as primary evidence for his poly- 
phyletic theory, represent convergence. It ıs to be 
expected that populations hvmg under comparable 
ecological conditions will evolve similar adaptations 
There is, m fact, fairly good objective evidence that 
such convergence has occurred Almost certainly ıb 
accounts for many of the similarities between Afmcan 
negroids and Melanesians, and between the Eskimos 
and the people who occupied Europe during the Wurm IIT 
glacial period 

This w not to say that Coon’s view is completely 
` untenable In the first place, it 1s rarely possible in paleo- 
‘anthropology to prove a hypothesis wrong tho best that 
can usually be done ıs to balance the various posstbuil:ties 
in the hght of general evolutionary theory On this score, 
Coon’s hypothesis seems extremely unhkely ın that it 
calls for an unprecedented degree of parallel genetic 
change On the other hand, there can be httle doubt 
that hommid evolution ıs largely a gradal phenomenon 
and that selective pressures must have been qualitatively 
similar the world over The real point at issue 1s tho extent 
to which past populations were reproductivoely isolated 
from one another Coon acknowledges that gene flow 
must have occurred at times, but discounts its effects 
Yet ıt seems likely that such gene flow was, mm fact, the 
very agent by which all populations obtained the same 
genetic basis for their gradal evolution, and ıt would, of 
course, act to keep the species mtact Perhaps one of the 
most important factors determmimg human evolution 
has been the widespread movement of populations withm, 
geolomeally speaking, short periods of time 

The most reasonable view of the terminal phases of 
human evolution ıs of the species evolving as a whole the 
world over It could well be that there 1s temporal 
continuity between the particular ecological adaptations 
of present populations and those found m ancestral 
groups, but the important pomt ıs that Homo sapiens has 
& monophyletic rather than a polyphyletic origin 

While most anthropologists will find the general thesis 
of this book unacceptable, everyone must be indebted to 
Coon for the detaled account he provides of the fossil 
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hommids Practically all the authenticated remams 
are fully described, meluding many remains which, even 
for paleoanthropologists, have been httle more than 
names There are errors of fact, perhaps more than one 
expects m even such an extensive review, and English 
readers may well find the writing stylstically wrtatıng, 
but this 1s a comprehensive up-to-date document of 
human evolution and an mvaluable reference book. 
G. AINSWORTE Harrison 


EVOLUTION IN FORAMINIFERA 


Evolutionary Trends ın Foramınıfera 

Edited by G H R Von Koemgswald, J D Emas, W L 
Bunmg, and © W Wagner (A collection of papers 
dedicated to I M Van der Vlerk on tho occasion of his 
70th Birthday) Pp vii+355 (Amsterdam and 
London Elsevier Publishmg Company, 1963) 45 Df, 
90s ,50 DM 


ORAMINIFERA aio small in size and occur m most 
marine sediments They have been abundant since 

the Upper Paleozoic and have shown well-marked evolu- 
tionary changes since their appearance in the Cambrian, 
providing unique opportunities for investigations of 
populations through space and time An enormous amount 
of work has been published on this group, stimulated by 
their stratigraphic 1mportance and consequent economic 
value in oilfield exploration and development It might, 
therefore, be expected that the main lines of evolution 
would be known and important principles deduced relating 
to the thoory of ovolution in general The publication of 
this well-produced, well-:llustrated book which brings 
together fourteen papers by different authors enables us 
to take stock of progress in this field 

Modern. classification of Foraminifera leans heavily on 
tho evidence of wall structure, recapitulation and the 
stratigraphic succession These papers show that great 
progress has been made both ın the investigation of the 
basic stiucture of the shell wall, regarded as a progressive 
evolutionary character, and also in detailed knowledge of 
the stiatigraphic succession. In general the principle of 
recapitulation 1s accepted but not, apparently, by all the 
authors Famuly relationships are now seen to be more 
complicated than was thought, even a few years ago, with 
parallel development along many lines The sheer amount 
of new knowledge that has accumulated 1s well shown by 
Cita-Sirom. ‘This author points out that the few species 
known in the Globotruncanae before 1940 have now 
swollen to more than one hundred, while, instead of one 
genus, Globotruncana, there are now twenty-three 

Dunbar outlmes very clearly the mam trends m the 
Fusilinimae and Schwagerminae These include develop- 
ment of inner and outer tectoria im the Fusilinmae and 
mecrease mn size and honeycombmmg of the layered, granular 
wall in the Schwagerminae Both sub-famules developed 
folded septa) Dimorphism became emphasized in the 
Permian with appearance of gigantic, microspheric mdi- 
viduals These trends are well expressed stratigraphically 
and the idea of recapitulation is supported by the presence 
of a flat, inttial spire m microspheric forms which is taken 
to indicate descent from Endothyra Rauser-Chernousova 
also supposes that evolution in this group is characterized 
by recapitulation, with descent from the endothyrids, 
but her evolutionary scheme differs in detail The value 
of species and genera in mtercontmental correlation 1s 
discussed and a distinction drawn between conservative, 
ancient families and advanced familes with genera of 
short range 

The trend towards accentuated dimorphism also occurs 
in the Nummulrtidae, discussed by Schaub Again, the 
shell tended to become larger and adult chambers longer 
and lower through Paleogene time Morphological con- 
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tinua are also traced in great detail m the Miogypsinidac 
(Drooger) and Orbitoidae (MacGillavry) with analysis 
of equatorial chamber pattern and nepionie reduction 
The presence of a gumbelme muitial part 1s confirmed in 
the Orbitoidae which throws an unexpected light on their 
possible ancestry Phyletic relationships in the Miliohdea 
are also discussed (Smout) 

Doubt is thrown on the principle of recapitulation so 
far as the Lagenidae are concerned, by Brotzen, who 
derives Lenticulona, Frondecularva and Nodosaria mde- 
pendently from layered, granular paleonodosarids allied 
to Nodosinella, through granular and fibrous mesonodo- 
sarid mtermediaries m the Triassic and Liassic The 
Rotalhdea and Buliminidea are considered to be derived 
through the Triassic Duostominidao from ether the 
Endothynidea or the Trochammimidae The possibly 
dependent origm of Globigerina from arenaceous ances- 
tors 18 also suggested This stimulating paper will un- 
doubtedly cause controversy Evolution m the Lagenidae 
is also considered by Barnard, who shows that an explosive 
burst of evolution occurred in the Lower Jurassic with 
variation in general morphology Variation m ornament 
occurs later and in Inngulona and Frondscularia progres- 
sive evolution of ornament 1s of stratigraphical value 
Rather similar variation in ornamented species of Boliwina 
is of value m Upper Cretaceous stratigraphy (Hiltermann) 

This new work supports the idea that the Lituolidea, 
Endothyridea and Muiliolidea are well-defined groups 
(Glaessner) Relationships m the Rotaldea sl and 
Bulminidea are, however, complex and mvestigations 
have not gone far enough for the main evolutionary lines 
to be made clear 

Although Rat relates the architecture of the Orbitoline 
test to sedimentary milieu and Hottinger relates the shape 
of the Alveohne test to changes m surface/volume ratio 
of the endoplasm, little 13s known of the adaptive signifi- 
cance of most morphological trends This ıs largely due to 
lack of work on hvmg Foraminifera, consequent ın part 
on the difficulty of making observations with the ordinaly 
microscope ‘The extended use of electron microscopy 
may be expected to throw a flood of hght on the structure 
and adaptation of modern forms 

Biologists as well as paleontologists should read this 
book. We may then expect an equally impressive sym- 
posmm on Dr Van der Vierk’s eightieth birthday 

J HAYNES 
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HABITATS OF THE PAST 


Principles of Paleoecology 

An Introduction to the Study of How and Where Animals 
and Plants Lived in the Past By Derek V Ager Pp 
xi+871 International Series ın the Earth Sciences 
(New York McGraw-Hill Book Company, Inc , London 
MeGiaw-Hill Pubhshmg Company, Ltd, 1963) 83s 6d 


N the past twenty-five years or so a vast number of 
papers on various aspects of palzoecology have been 
pubhshed In view of this interest it 1s surprising that a 
text-book on the subject written ın the English language 
has not hitherto appeared Dr Ager ıs to be congratulated 
on providing such a book 
Principles of Paleoecology 1s a compact volume divided 
into three parts The first introduces the subject briefly 
and explains the principles involved and the relationships 
to kmdred subjects, the second describes ın some detail 
methods of determining the ecology of fossil taxa, the 
third discusses the ecology of fossil communities After 
the niceties of the mtroduction are dispensed with the 
meat of the book begins In the second part (termed 
‘paleoautoecology’) the author reviews various methods of 
interpretation such as comparative anatomy and physio- 
logy, comparative habit and habitat, the problems ın- 
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volved in the mterpretation of extmect groups, shell 
orientation and its significance, organic associates and 
trace fossils Duiseussion of fossils and the sedimentary 
environment ıs treated both in this and m the subsequent 
part, but the author feels that a discussion of the sediments 
themselves has no place in the book 

In the third section, ‘paleosynecology’, topies melude 
density and diversity of fossil assemblages, isotope 
investigations, species interrelationships including sym- 
biosis and antagonism, lateral and vertical changes in 
fossil assemblages, zoogeography of fossils, and a final 
chapter on paleoecological synthesis 

The framework of the book ıs comprehensive and caro- 
fully thought out, and the examples quoted ın the sub- 
sections give fair coverage of the methods used Bias 
towards Mesozore and Tertiary examples and the brachio- 
pods ın particular ıs evident and 1s disarmingly admutted 
by the author Less explicable is the haphazard presence 
or absence of commentary on some of the examples 
Ma’s work on the distribution of fossil corals and their 
bearmg on contimental drift, for example, 1s described, 
but no warning on the shortcomings of this work 1s 
provided for the mexperionced reader The author 
stresses the need for a statistical approach to paleontology, 
yet the record of the orientation of one shell of Cyrtodonia 
in a shale is quoted without comment as evidence of an 
anchored mode of life 

The mportance of transported fossils m paleoecology is 
minimized and the subject dismissed as bemg more akin 
to sedimentology If the end ıs merely sedimentological 
then Dr Ager is right, but ıt 1s well to remember that 
transported fossil assemblages are common and have 
had a paleoecological history Sed:mentological analysis 
ought, therefore, to precede paleoecological synthesis and 
not be an end in itself 

Throughout the book there 1s an underlying appreciation 
of the muence that paleoecology must have on system- 
atic paleontology and the species concept, but nowhere 
does this suface as a major theme Paleoecologist and 
systematic paleontologist are m a position to help each 
other and present a more enlightened mage of paleon- 
tology If Dr Ager had developed this theme explicitly 
he might have more surely strengthened the inks between 
—as he puts 1t—the impractical theorizers and the old- 
fashioned museum paleontologists 

The book ıs well ulustrated and attractively presented 
Apart from two or three obvious speling mustakes 
(Americanized spelling excepted) the only error noted was 
that of the drawmg in Fig 7 3 purporting to represent the 
trace fossil Corophiordes Unusually the book 1s written 
in the first person singular (and occasionally plural) 
which at times intrudes egotistically into the narrative 

Prinewples of Paleoecology contains much of interest 
for the specialist and yet can be understood by students 
with a year’s trammg in geology Even if the book had 
not been the first ın the field ıt would have deserved com- 
mendation Asitis, Dr Ager is to be congratulated on the 
successful compilation and condensation of such an 
enormous field of investigation G Y CRAIG 


MODERN MICROBIOLOGY 


Modern Microbiology 
By Wayne W Umbret Pp vin+507 (photos and 
diagrams) (San Francisco and London. W H Freeman. 
and Co , 1962) 48s 

HIS latest book by Prof Umbreit ıs a text-book of 
A e a which seems to be designed for univer- 
sity students specializing ın microbiology—although at 
no point 1s this stated by the author In addition to 
sections on the structure and physiology of micro-organ- 
isms in general there are chapters on pathogenic mucro- 
biology (sec), brewing, food microbiology, the microbiology 
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of milk products and the use of micro-organisms in the 
industrial production of solvents, antibiotics and pharma- 
cologically active compounds The treatment of the 
subject is rather unbalanced ın places, for example, the 
theory, technique and uses of electron microscopy are dealt 
with in about 300 words along with 2 figures, and bacterial 
growth factors m about the same space, whereas there 
aie considerable direct quotations from origmal papers 
by Gram, Flemmg and Florey, together with a long 
account of the Pasteur/Liebig controversy about fermenta- 
tion 

In a fiold where good text-books already exist, the value 
of a new book depends on whether it has a valuable, new 
approach to the subject or 1s significantly more up-to date 
than its predecessors and whether ıt is accurate Although 
this book does contam some accounts of recent work, 
and perhaps has greater emphasis on industrial processes 
than. previous books, these advantages are far outweighed 
by the many musleading statements, maccuracies and 
omissions It 1s possible to give only a few examples 
The book contams no account of the glyoxylate cycle 
while referring readers to reviews (1951-52 vintage) which 
support the presence of a dicarboxylic acid cycle m bac- 
teria The sections on transformation, transduction and 
mating (called recombination by the author) are very 
musleading, and neither the concept of the episome nor 
the piocess of lysogenic conversion ıs mentioned Similarly, 
the account of bacterial cell walls 1s completely maccurate 
No mention 1s made of the presence in walls of p-amuno- 
acids, nor of N-acetyl glucosamine N-acetyl muramic 
acid is stated to account for all the amino sugar of the wall 
and ıs given a structure (p 69) which is completely incor- 
rect In the section on antibiotics no mention 1s made of 
the cephalosporins, and most penicillin-resistant staphylo- 
cocci are incorrectly stated to be resistant by reason of 
some unknown mechanism rather than by the possession 
of penicillinase 
The book is full of confusing argument—for example 

any present evidence for a nucleus in bacteria must 
of necessity be somewhat indirect First, bacteria 
possess DNA Second, bacteria do possess hereditary 
character Hence, even though we may be unable to see 
& nucleus there 1s no doubt but that a nucleus does 
exist’? The style of the book is repetitious and chatty, 
end large passages m the book give the impression of bemg 
direct transcriptions of tape-recorded lectures 
M H RICHMOND 
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BIOLOGICAL EFFECTS OF IONIZING 
RADIATIONS 


The Initial Effects of lonizing Radiations on Cells 

A Symposium held in Moscow, October, 1960, supported 
by UNESCO and the IAEA, and sponsored by the 
Academy of Sciences ofthe USSR Edited by R J C 


Harris Pp xu+367 (London Academic Press, Inc 
(London), Ltd, New York Academic Press, Inc, 
1961) 75e 


HIS volume is a report of a symposium held in 
Moscow ın 1960, and was published ın 1961 That ıt 
is reviewed at this late date 1s due mainly to the timeliness 
of the subject matter 
Radiobiology has mn its brief existence already reached. 
the stage at which the volume of hterature produced, the 
inter-disciplmary nature of the subject, and the single- 
mindedness of ıts research workers make it essential 
that attention should be directed agam to work which 
has already been done and to theomes which have 
already been postulated In the collected papers of the 
symposium, begmning end ending with stimulating papers 
by Alexander and Bacq, ideas are put forward on the role 
of nuclear as opposed to cytoplasmue sites for the mitial 
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lesion of radiation injury, on the relative roles of myury 
and repair, on the ubiquitous 1ole of oxygen ın radiation 
lesions, and the systems m which oxygen seems to play 
httle or no part There emerges a pattern of biological 
response to even smaller doses, especially im relation 
to neuromuscular response The work on the central 
nervous system is described by the Soviet workers in 
more detail and allowing for a better assessment than was 
possible from the Geneva conference on “The Peaceful 
Uses of Atomic Energy” m 1958 Enough detail is given 
here to trigger off a full-scale study of this sort of fune- 
tional response to radiation damage, which 1s inevitably 
going to be a more sensitive indication than morphological 
changes at present used as the main eriterion of damage 
Increasing investigations of functional derangements in 
systems by radiation exposure may well lead to a change 
m our concept of radiation sensitivity 

The presentation of the papers and discussion in the 
volume are good, misprints should be unnecessary in a 
book which has taken this long to produce An interesting 
aspect of the discussion 1s a complete lack of East-West 
division, even when such controversial subjects as the 
genetic effects of radiation and their relation to dose and 
dose-rate, or the role of the nervous system in radiation 
injury are discussed 

Looking through the list of contributors to the volume, 
one 1s impressed at the galaxy assembled between the 
covers These people give evidence of their thoroughness, 
ongimnahty and strmulation m the presentations and dis- 
cussions—and most of them have maintained their promise 
since Perhaps ıb is not a bad thing to review a book 
several years after 1ts appearance, when 1t can be seen m 
perspective as a brick which has helped to build up the 
subject in subsequent years PATRICIA J LINDOP 


A RUSSIAN VIEW OF FERRITES AT 
MICROWAVE FREQUENCIES 


Ferrites at Microwave Frequencies 

By A G Gurevich Authorized translation from the 
Russian by A Tybulewicz Pp vin+332 (London 
Heywood and Co, Ltd , 1963) 140s 


STUDY of ferrites-at microwave frequencies was 
first initiated about thirteen years ago The material 
treated ın this work covers the first nine years of this 
period, which includes part of a very progressive period 
between 1954 and 1961 Interest m ferrimagnetics at 
microwave frequencies can conveniently be divided into 
two mam areas a study of the principles and properties of 
microwave devices and a study of the physical behaviour 
of ferrimagnetics The author and his colleagues have 
made very significant contributions to the latter field and 
1b 18, therefore, not surprising that the most mformatt ve 
sections of the book are those concerned with physical 
processes There 1s comparatively little information on 
devices, and the book will have only a slight appeal to 
the microwaveengineer Unfortunately, a complementary 
Russian work dealing with devices has not so far been 
trarslated 
The work is in three parts dealing, m effect, with 
magnetic properties of ferrites, wave-guides contaming 
ferrites and non-lnear processes It is assumed in the 
first section that the reader is already familar with the 
ongm of magnetism m fermtes The statement that 
“Ferromagnetic resonance can be explained quite simply 
on the basis of quantum mechanics” 1g perhaps somewhat 
terse By compensation, the treatment of spin waves 1s 
very well presented, and meceluded ıs a useful survey of 
Walker’s theory of magnetostatic modes The ttle of the 
first chapter ‘Isotropic Ferrites Magnoetized to Saturation” 
is perhaps somewhat misleading A magnetized ferrite 
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exhibits an anisotropic permeability, and the author 18 
actually referring to the absence of crystalline anisotropy 
when he states that the modum 1s isotropic. The 
phenomena of ferromagnetic resonance 18 very adequately 
discussed and, mm this section especially, the author has 
ee primarily to Russian sources for experimental 

a 

Although the sections on. electromagnetic wave propaga- 
tion m infinite ferrite media and waveguides contammg 
ferrite have been carefully prepared ıb ig ın this area that 
the book is weakest The author appears to have over- 
looked completely any British contributions to this field 
and there is only one figure showmg results for circular 
waveguides The rectangular waveguide contammg a 
transversely magnetized ferrite slab has been treated more 
fully and the author presents the results of his own 
computations ‘There is no discussion of the junction 
circulator configuration which forms the basis of an 
important class of ferrite components 7 

As previously mentioned, the book does not describe 
devices, and it is only likely to prove holpful im this area 
to the microwave engineer who 18 already fully conversant 
with the factors which affect the design of waveguide 
ferrite comvoonents 

In the final section on non-linear processes, the author 
draws more on work from the United States than else- 
where in the book <A very readable review of work 
until 1959 is presented Unfortunately, many very 
interesting developments have occurred since that time 
of which the study of longitudinal pump instabilities and 
magnotoacoustic interactions are, perhaps, the most 
significant 

In conclusion, the book can be very warmly recom- 
mended to those who are interested in studying an 
approach to microwave ferrimagnetics which 1s not based 
primarily on Western literature The numerous references 
to Russian results are of particular value since this informa- 
tion 18 often not readily available to Western readers 
The text was published as part of a series on the physics 
of semiconductors and semiconductor devices, and 1t 18 
to be hoped that a treatment of Russian studies in this 
field, after 1959, will become available withm the next 
few years and without such a long delay in translation 

P J B Crarricoats 
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QUANTUM BIOCHEMISTRY 


Quantum Biochemistry 

By Prof. Bernard Pullman and Alberte Pullman Pp 
xvi+ 867. (Now York and London Interscience Pub- 
lishers, a division of John Wiley and Sons, 1963) 1958 


HEN I use a word”, Humpty-Dumpty said in a 

rather scornful tone, “1t means just what I choose 
1t to mean—neither more nor less” The Pullmans have 
much the same attitude to the words ‘quantum biochemus- 
try’, by which they evidently mean tho calculation, using 
traditional quantum-mechanical methods, of charge 
distributions and associated parameters in organic 
molecules Most of the book 1s, ın fact, an edited collection 
of their previous pubheations, httle or no mterest being 
shown in other workers’ results, in newer and more 
sophisticated calculations or ın actual measurements, 
for example, of electron donor and acceptor properties of 
molecules Classical experrments on quantum yields m 
photosynthesis and photodissociation of carbon monoxide 
complexes with hem, imitiated m Warburg’s laboratory 
thirty years ago and since extendod with most valuable 
results, are not even mentioned Metal ions and their 
complexes are referred to only meridentally, and no 
account is given of experiments carried out by nuclear 
magnetic resonance and other techniques which have 
helped to clarify the role of such ions m enzymaticreactions. 
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These contributions, among many others, are umportant 
to the development of a quantum biochemistry. The term 
itself perhaps has a limited usefulness, since ıt 1s surely not 
being too optimistic to beheve that all biochemical 
reactions must m the last analysis be interpreted according 
to some quantum-mechanical scheme 

Quantum Brochemisiry is a personal catechism and 
can be judged as such A general mtroduction outlmes 
quantum mechanics and methods, but it 1s difficult to 
imagine that more than a small mmority of biochemists 
will be able to follow the arguments Those who can, will 
already be familiar with more acceptable treatments such 
as are found in Coulson’s Valence, Kauzmann’s Quantum 
Chemisiry and Strertweiser’s Molecular Orbital Theory 
The Pullmans’ account is often dated the discussion of 
bond-lengths and bond-orders, ulustratimg the value 
of molecular orbital calculations of the ground-state of 
aromatic hydrocarbons, 1s based on data at least ten years 
old It ıs disappointing to find no proper discussion of 
solf-consistent field molecular orbital methods. Biochem- 
ists who do follow the introductory chapters may be 
misled by tho discussion of / and m, quantum numbers 
(p 17) and, for example, by the discussion of the bond- 
angles ın water (p 59), 16 ıs now generally accepted that 
hydrogen—hydrogen repulsions are msufficient to account 
for the observed bond-angle of 106° or so, the deviation 
from perfect totrahedral symmetry being more satisfac- 
torily explaimed by the use of oxygen hybrid orbitals rather 
than pure ‘p’ orbitals, lone-pair-bonding-pair repulsions 
decreasing the H—O—H angle by several degrees. 

There ıs no doubt that the compilation of calculations of 
charge distribution ın series of molecules occurrmg m 
biological systems ıs of mterest, even if 1b 18 clear that they 
will, in many cases, require considerable revision Thus, 
it has already been shown experimentally that the elec- 
tron-donor properties of chlorpromazine and the electron- 
accepting behaviour of the tropylhum and pyndimium 
1ons are quite different from those anticipated by element- 
ary molecular orbital theory In readmg this book one 
might not appreciate that one of the major tasks of the 
next decade will be that of relatmg the electronic proper- 
ties of molecules to ther biological activity, using more 
rigorous theoretical methods based on a more complete 
understandmg of the underlymg biochemical reaction 
mechanisms One should recognize that in many instances 
the successful application of quantum mechanics to 
biochemistry 1s held up not by the lack of thooretical 
equipment but rather by a complete absence of information. 
on what one should be calculating The final discussion 
leads to the conclusion of “‘the essential importance of 
molecular systems with mobile electrons, and, therefore, 
of electronic de-localization, in the phenomena of hfe” 
an unobjectionable sentiment perhaps, but one that has 
often been expressed At this pomt the reader ıs left 
with a strong déjà sensation as the Walhus said, “It seems 
a shame to play them such a trick, after we’ve brought 
them out so far, and made them trot so quick” 

The Pullmans deserve great credit for having been 
among the first to recognize the possible umportance of 
electron density distributions and 1r-electrons in biological 
systems This book, while usefully summanzmg their 
views, also indicates that they do not appear to recognize 
consistently the imitations ın their approach, even at the 
theoretical level Alternative approaches are dismissed 
far too lightly, and this must be regretted since these 
calculations do not solve many biochemical problems, 
rather do they indicate the direction along which limes of 
enquiry might be profitable The Pullmans have written 
some of the first words about the electrome properties of 
biological molecules—indeed, many of the fist words- 
but what they have to say 18 certamly not the last word 
on. the subject. 


A © ALLISON 
R MASON 
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Generalised Electrodynamics and the Structure of 
Matter 

By [the late] Prof S R Milner 

Kilmister Pp u+2980 

Library, 1963) 42s 


R MILNER’S posthumous papers contamed a rich 
collection of results of Ins mvestigations in three 
closely alhed fields There was, first, an algebraical 
technique which arose, for Milner, in his attempts to 
elucidate Eddington’s later work, though 1t has no neces- 
sary connexion with it This technique made ıt possible 
for Milner to operate conveniently with Chfford algebras 
(for example, quaternions, Dirac matrices) and to seek 
different criteria for what constitutes a sumple system 
This was then useful to him m the second kind of mvestiga- 
tion—that mto the generahzed electromagnetic theory 
Here Milner used his algebraic tools to suggest an ex- 
tremely natural and straightforward generalzation of 
Maxwell’s equations, which leaves electromagnetic theory 
exactly the same, away fiom charge, but modifies tho 
equations m charge in such a way that the classical election 
mode] becomes a possible stable configuration, without 
additional forces to hold ıb together The more detailed 
investigations of this kind led him on to considermg general 
~ relativity, and in this field he sought to re-express the 
existing theory of gravitation in a way that was more 
directly connected with ideas of mass, energy and force 
These papers hava now been collected together and 
edited by Dr © W Kailmister, King’s College, University 
of London, who has added a number of notes relating the 
new notations of Milner to more commonly used ones 


Edited by Dr C W 
(Sheffield The University 


Mass and Abundance Tables for Use in Mass Spectro- 
scopy 

By Dr J H Beynon and A E Wilhams Pp xxı+ 570 

(Amsterdam and London Elsevie: Publishing Company, 

1963) 80s 


HERE ıs httle one can say in a review of this set of 
tables except that ıt 1s a must for all workers inter- 
ested ın the determination of molecular weights and mole- 
cular structure of organic compounds This 1s especially 
true of those who are working ın the field of high-resolution 
mass spectrometry, m which area a molecular weight 
determination leads directly to the molecular formula 
After an introduction ım Enghsh, German, French and 
Russian, the book hsts under the appropriate mass 
numbers (a) the atomic composition, (b) the molecular 
mass (13C = 12 000000), (e) 100 Pmy:/Pm, (d) 1,000 
P mts P ms (e) P mai/P mea where Pmt 18 the height 
of the (parent + 2) 1:sotopic peak On the carbon-12 scale, 
some of the molecular weights fall below the mass number, 
and this must be ilemembered when using the tables Thus 
under mass 319, there 1s the entry for C,,HN,.O,, 0 997764 

This refers to 318 997764 
As has been said before, this book will be invaluable, 
especially for workers m the relatively new field of the 
high-resolution mass spectrometry of organic compounds. 

A MACCOLL 


Flows ın Networks 

By L R Ford, jun, and D R Fulkerson Pp xn+194 
(Princeton, NJ Princeton University Press, London 
Oxford University Press, 1963) 48s net 


HE most famihar example of a network flow problem 

1s that defined by Karchoff’s laws for the flow of an 
electric current n a network of resistors In this problem 
a certam quadratic function of the current representing 
the heat dissipated has to be minimized subject to lmear 
constraints This is an example of the kind of problem 
more compheated than that considered in Flows n 
Networks, where the attention 1s limited to corresponding 
problems in which linear functions are minimized, and 
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the further restriction 1s adopted that the assumption of 
integral data provides the existence of an integral solution 
It 1s, then, an introduction to the wide and rapidly 
developme field loosely classified under the name of linear 
programming, which has come to the fore im recent times 

Tt should not be thought, however, that the application 
of the ideas of the book 1s in some narrowly restricted 
field concerned primarily with the transport of petrol 
across deserts The subjects discussed by the authors 
range from such practical ones as the way across deserts, 
to the extremely theoretical questions in graph theory, 
the theory of partially ordered sets, and the theory 
defined by matrices, the elements of which are 0 and 1 
In all cases a great deal of attention 1s directed to finding 
effective procedure which will enable the actual caleula- 
tion of a solution to be carried out The book 1s divided 
into four chapters, m which the first forms a necessary 
introduction to each ofthe others These last three discuss, 
respectively, combmatorial applications, mimimal cost 
flow problems, and multiterminal maximal flows 

There ıs a great deal in the book which is not available 
elsewhere except in the origmal papers, and much of the 
work 1s in fact duo to the authors themselves in the past 
few years The book 1s well produced, and should provide 
a means of lmking workers m the (at present) separated 
fields of operations research, communications engmeering, 
and combinatorial mathematics C W KILMISTER 


Recent Advances in Allergy Research 

Edited by F Hahn, P Kallós and G B West (Transac- 
tions of the Collegium Internationale Allergologicum, Fifth 
Symposium ın Freiburg 1 Br, October 1962) Published 
simultaneously as Vol 22, Nos 2, 3, 4, 5 and 6 (1963), 
Inte: national Archives of Allergy and Applied Immunology 
Pp iv+355 (Basle and New York S Karger, 1963 ) 
55 Sw francs, 55 DM 


MHIS book contains 34 of the 39 scientific papers given 
at the fifth symposium of the Collegium Inte- 

nationale Allergologicum m Freiburg Because of the 
wide range of topics covered and the fact that the papers 
were given by many different groups of research workers, 
such as physiologists, pharmacologists, biochemusts, 
allergists and clinicians, the reader 18 given a very good 
insight mto the present trends of research into allergy 
As we still do not understand the underlying causes of 
the symptoms seen m allergic reactions many papers are 
devoted to the compounds which may produce these 
symptoms At one time the symptoms of allergy were 
thought to be due to histamine, but recently many other 
substances have become associated with allergy This 
aspect of research is reflected in the many papers dealing 
with the origm, storage, metabolism and role of histamme, 
together with papers on some of the other substances 
believed to be mvolved includmg the kinms and a much 
newer set of substances, the neurammy] glycosides 

Several papers deal with the diagnostic aspects of the 
causes of allergy It is interesting to read that the skm- 
sensitivity test can give erroneous results and that a 
bronchial test for asthmatic allergy 13 more formative 
Another group of papers deals with the relationships of 
collagen diseases and allergy There ıs a good review of 
the dermatological aspect of the collagen diseases and also 
a paper on the similarity between collagen diseases and the 
effects of experimentally umplanted fibrin in connective 
tissues There is a good historical review of the changes 
which have occurred m the medical concepts of allergy, 
and this includes an excellent biblhography Among the 
many other subjects discussed are anaphylotoxin, peni- 
eillin allergy, precipitins to moulds m asthmatic sera and 
allergic reactions in blood 

A few papers tend to be rather brief, but on the whole 
this bool: keeps the reader who ıs interested in a better 
understanding of the causes of allergy abreast of the 
latest trends in allergy research N G Warton 
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THE ‘M.R.C.’ FIFTY YEARS AGO AND NOW 
By Dr. P B. MEDAWAR, F.R.S. 


Director, National Institute for Medical Research, London, N.W.7 


N Great Britam the support of medical research on 
a national scale began just fifty years ago, as a by- 
product of the National Health Insurance Scheme which 
Lloyd George had launched two years beforehand, in 
1911 The regulations which brought a Medical Research 
Fund into bemg called for the setting up of a small inde- 
pendent Medical Research Committee, consisting mamly 
but not entirely of ‘scientific experts’, to advise the 
Minister in charge of national msuranco on how the Fund 
should be spent ‘The size of the Fund itself was dete:m- 
ined by a capitation fee of one penny for each insured 
person ın the United Kingdom, and the sum available to 
the Commuttee m its first year was £55,000—tho equiv- 
alent of perhaps £300,000 to-day 
The arrangement made sense, for 1ts sponsors had wged 
that the Fund, itself a form of insurance, would ultimately 
hghten the nation’s burden of care for the sick and dis- 
abled In practice it turned out to be a bad bargain, 
for when war broke out m 1914 and msuied porsons 
entered the armed forces they ceased to be classified as 
such The sum allotted to medical 1esoarch thus movit- 
ably declined—a fact to which the Committee directed 
attention m language more temperate (“The Committee 
venture to hope  ”, ote ) than might be used im the same 
circumstances to-day Inflation made matters worse, and 
by the time ıt came to write its fifth annual report the 
Committee declared that the funds available to ıt were m- 
adequate to support the research ıt had already put in hand 
After the War the Government’s support of medical 
1esearch was put on a new admunistrative basis All 
the departments and boards which had to do with matters 
„of health were brought together under a smgle Ministry 
of Health, but in a famous memorandum Dr Christopher 
Addison, M P , then speaking as Mimster of Reconstruc- 
tion, urged that ıt would be unwise for the Committee to 
come under the new Mmuster’s charge (Addison himself 
later became the first Mimster of Health) In 1920, 
therefore, the Committee became the Medical Research 
Council, with its own Charter, and with the rmght to 
determine ıts own policy and to dispose of the funds 
allotted to it as ıb thought best Admunustratively, the 
Council 1s not a Government Department (and its em- 
ployees are not Cıvıl Servants), 16 1s under a ministerial 
committee of the Privy Council whose chairman, now the 
Minister for Science, answers to Parlhament for the 
Counell’s work Though the business ıt now transacts 
has multiphed enormously, the Council 1s still a small 
body its Constitution mits ıt to twelve members, of 
whom nine are scientists or chmicians and two others are 
members of, respectively, the House of Commons and the 
House of Lords The Council receives an annual grant 
from the Treasury, to-day of about sıx milion pounds— 
and unlike the exiguous funds admimustered, by the old 
Committee, 1t shows no signs of diminishing year by year 
The Commuttee’s metamorphosis into a Council was in 
no sense a criticism of its work On the contrary, the 
transformation was mtended to make sure that 1ts inde- 
pendence and power to take the mitiative were not over- 
borne by departmental pressures in the difficult and 
harassing days of reconstruction The Committee was, 
m fact, a briliant success, and now that we can weigh up 
their consequences 1ts actions and mtentions seem quite 
remarkable in their prescience and good sense At this 
distance of time it 3s scarcely possible to distinguish 
mdividual contributions to its counsels, but though 
Addison must be given most of the credit for the Com- 
mittee’s highly effective admunistrative structure we may 


suspect that Waltor Morley Fletcher, the first secretary— 
there have been only three m all—had most to do with 
devising the Commuttee’s scientific policy 

The Committee imtended from the outset to support 
research, both centrally, ın a research mstitute manned 
by 1ts own scientific staff, and peirpherally, by way of 
grants to help research workers ın universities and else- 
where Anyone nmught be supported whose work gave 
promise “of bemg co-ordinated within a general scheme 
for the orgamized advancoment of medical knowledge” 
The Committee soon found ıt necessary to set up “‘special 
commutteos for special purposes”, by this means brmping 
together scientists who in those days worked very much 
more on their own than they do now 

In its fifth report at the end of the First World War, the 
Committee took stock of rts progress and of the hkely 
future of medicaliesearch In its first report ıt had spoken 
almost with awe of “the duty lad upon them of wielding 
the new and potent mstrument” which had been “placed 
in their hands by the Stato”, but what it had to say now 
was peremptory and to the pomt “Our countrymen must 
decide whether they are to encourago and maintam”’ 
a medical research se1vice or not If so, ıt would no longer 
do for modical research to be pursued as a private hobby 
by the woll-to-do or m time stolon with difficulty from 
routine duties Its practitioners must enjoy ‘reasonable 
financial security, given directly for research work and 
not for something else’? Above all, the foundations of 
medical 1esearch must be laid in science “the important 
attamments of new knowledge come from disinterested 
enquiry followed unde: the spur of froo mtellectual ım- 
pulse, rather than from fiontal attacks made in a utilitarian 
spirit upon problems of immediate practical mterest”’ 
Indeed, ‘‘there 1s a real danger lest the insistent calls 
given by disease and sufforing fo. immediate rehef should 
actually delay progress by attracting scientific effort 
along the wrong paths” This was a very weighty declara- 
tion at the end of an utterly destructive War durmg 
which 13 had to face the agony of insistent and ummedi- 
ate medical demands, the Committee was better placed 
than anybody before or since to put a just value on the 
merits of the pragmatic or directly utilitarian appioach to 
medical science At all events, the declaration became 
and, remamed ono of the canons of the Council’s poley— 
became part, mdoed, of the great unwritten charter of 
academic freedom It is a charter which we should not 
come to thmk of as beyond all criticism in all xts clauses 
some yielding to social, economic and rudely utilitarian 
pressures there must be, but no one has yet succeeded ım 
drafting a clause in suitably abstract language which gives 
them their duo, and not more than thou due, weight 

The Commiuttee’s Central Research Institute remained 
for five years a purely notional body, for war broke out 
before 17 could take wp residence m Mount Vernon Hospital 
in Hampstead (Mount Vernon remamed a hospital, 
eventually a hospital for the Royal Flymg Corps) With 
the end of the war the building was regamed and occupied 
by whas (with the grant of a charter) could now be called 
a National Institute for Medical Research, and 1t still 
houses two large and important divisions of the Institute. 
By the mid-’thirties ıt became clear that the Institute 
would have to be housed in larger premises, which the 
Council deeided to build anew on an estate already im its 
possession at Mill Bill Unfortunately, the attempt to 
house the Institute m suitable quarters was again held up 
by a World War the building was taken over by the 
Admiralty, and final occupation was delayed until 1950 
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The origmal design of the Central Research Institute 
provided for five divisions under five heads of great 
distinction bacteriology, under Almroth Wright, bio- 
chemistry and pharmacology under Hemy Dale (who 
became first director of the National Institute and first 
won it an international reputation), apphed physiology, 
under Leonard Hull, a department of medical statistics, 
under John Brownlee, and a department of chmical 
research, under Thomas Lewis, which can be thought of 
as the larval form of the Council ’s future Clinical Research 
Centre at Northwick Park Among its extra-mural enter- 
prises, 1t 1s noteworthy that biological standardization, 
origmally under Georges Dreyer at Oxford, was one of the 
Council’s very earhest concerns To-day the standardiza- 
tion and control of biological agents 1s one of the Couneil’s 
statutory responsibilities, and ıb has long been discharged 
within the National Institute itself The Institute has 
from the outset been a many-sided organization, as the 
great variety of 1ts activities makes clear At this moment 
the matters under investigation extend from the adapta- 
tion of human beings under thermal stress to the nature 
of a volatile hormone manufactured by queen bees, and 
from the growth of leprosy bacilli to the measurement of 
tho concentration of alcohol in the blood The consolida- 
tion of the Institute into one genumely organic whole 
was above all the work of its second director, C. R Harmg- 
ton The Instrtute’s resident scientific staff now numbers 
about 120, and it recerves many guests from overseas who 
stay fo. a year or more 

With the growth and deployment of medical science no 
one institute could hope to accommodate all its practi- 
tioneis, and fiom time to time the Council has therefore 
set up research units—groups of scientists brought together 
for a more particular common purpose than the advance- 
mont of basic medical research as a whole There aro about 
80 research units and groups, some large and world famous, 
but some—a kindly observer might say—merely world 
famous A lst of these units and groups 1s given at tho 
end of this article Among the largest are the Units for 
Radiobiological Research at Harwell and for Molecular 
Biology at Cambridge—both founded ın 1947 durmg the 
tenure of office of the second secretary, Edward Mellanby, 
who unfortunately did not hve to see how rich was to be 
the scientific harvest of the biophysical research which 
he took such pains to cultivate A rough (and to some 
small extent overlapping) classification of the activities 
of the groups and units shows that about a dozen are 
predominantly concerned with clinical problems, about 
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a dozen with problems of psychology and of mental 
illness, and no less than ten (counting part of the Radio- 
biology Unit) with one form or another of genetics (No 
ono could say now what one far-seemg critic said m 1914— 
that the Committee gave no recognition to the study of 
heredity ) Environmental, social and industrial medicmo 
account for 10, radiobiology in all its aspects for 7, mucro- 
biology for 8, special sonses for 5, tropical medicme for 5, 
nutritional matters for 4 There is no simple mterpreta- 
tion of these figures the distribution of subjects depends 
partly on their intrinsic scientific value, partly on social 
urgency, and partly on the extent to which they are in 
need of special care and protection—aitself a function of 
the degree to which they may have been neglected by the 
universitios The Council aims primarily at the support 
of men and ideas, many of the groups and units have 
grown up around and on the initiative of individual 
scientists of great ability, and often dissolve when their 
head reures Only the largest units housed m ther own 
premises are permanently established With hmited 
funds ıt 18 clear that no research council would have room 
to manœuvre if ıt were to commit its entire income to 
permanently recurrent subsidies The Council’s total 
staff now numbers 2,931, of whom 788 are scientifically 
qualified It 1s a sign of the times that, of these 788, only 
about 30 per cent have medical degrees 

The support of groups and umts 1s not all the Council 
does to subsidize medical research, for 1ts funds contribute 
largely to the mamtenance of the Institute of Cancer 
Research (including the Chester Beatty Institute) and 
the Strangeways Research Laboratory The Couneil 
maimtains an external staff, appomts research fellows and 
scholars, and supports many promismg research schemes 
by monetary grants Beyond all these enterprises, the 
Council has m very recent years undertaken the complex 
and ummensely important task of “promoting and co- 
ordmatmg medical research in the tropies, m so far as this 
directly or mdirectly concerns this country” (the qualifymg 
clause 1s interpreted m a wide and humane sense) By 
and large, then, the Counceil’s activities span the whole 
spectrum of modern medical research The Council’s 
task has been growmg in size and complexity, but in 
terms of any of the ‘objective’ standards which can be 
applied on these occasions 1t 1s one that has been success- 
fully discharged The records of the research 1b has 
sponsored show that the M R C has indeed created situa- 
tions conducive to the growth and development of medical 
science 


MRC RESEARCH ESTABTISHMENTS 


Dite of 
establishment Title of Unit Address Director 
(1915) National Institute for Medical Research The Ridgeway, Mill Hill, London, N W 7 Dr P B Medawar, FRS§ | 
(Projected) Chnrrcal Research Centre cio MRC Chmical Research Centre Planning Prof J R Squire 
Office, Medical School, The Umversity, Bir- 
mingham 15 
(1958) Unit for Research on Occupational University Department of Psycholcgy, Aber- Prof L $ Hearnshaw 
Aspects of Agemg cromby Square, Liverpool 7 (honorary) 
(1955) Aur Pollution Research Unit The Medical College of St Bartholomew’s Hospital, Dr P J Lawther- 
Charterhouse Square, London, EC 1 
(1962) Atheroma Research Unit Western Infirmary, Glasgow, W 1 Dr B Bronte-Stewart 
{1955} Unit for the Expermental Investiga- Department of Psychology, University College, Prof G C Drew (honorary) 
tion of Behaviour Gower Street, London W C1 
(1947) Biophysics Research Unit 26-29 Drury Lane, London, W C 2 Sir John Randall, F R 5 
(1959) Blood Coagulation Research Unit Churchill Hospital, Oxford _Dr R G Macfarlane, FR S 
(*) j Blood Group Reference Laboratory Gathff Rd , off Ebury Bridge Rd , London, S W 1 Dr A E Mourant 
(1946) Blood Group Research Unit Iaster Institute, Chelsea Bridge Rd , London, 8 W 1 Dr R R Race, FRS 
(1954) Body Temperature Research Unit Department of the Regius Professor of Medicine, Sir George Pickering, FRA 
Radchiffe Infirmary, Oxford (honorary) 
(1959) Bone-seeking Isotopes Research Unit Churchill Hospital, Oxford aay Janet Vaughan (hono- 
= ary 
(1956) Carcmogenic Substances Research Unit Miaketak Singer Laboratories, The University, Sir J R Cook, F RS {konor- 
veter ary 
(1945) Cell Metabolism Research Unit Department of Biochemistry, Oxford Sır te Krebs, F RS (keno - 
ary 


* Administered since April 1950 by the Council for the Ministry of Health 
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Date of 
establishment 


(1963) 





(1962) 
(1919) 


(1982) 
(1949) 


(1961) 
(1946) 
(1962) 


(1962) 
(1960) 


(1945) 


(1953) 
(1961) 
(1957) 
(1955) 
(1962) 


(1957) 
(1958) 
(1959) 


(1946) 
(1963) 
poai 
(1947) 


(1953) 
(1960) 


(1957) 
ee 
(1947) 
(1958) 
(1962) 
(1958) 
(1957) 
(1944) 


(1926) 
(1955) 
(1954) 


(1944) 
(1948) 


(1945) 
(1960) 
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MRC RESEARCH ESTABLISHMENTS 


Title of Umt 


Cellular Immunology Research Unit 





Chemotherapy Research Unit 
Department of Clinical Research 


Cyclotron Unit 
Wernher Research Unit on Deafness 


Dental Research Unit 
Clinical Endocrinology Research Unit 
Unit for the Study of Environmental 


Factors ın Mental and Physical 
Illness 


Epidemiclogical Research Unit 
(Jamaica) 


Epidemiological Research Unit (South 
Wales) 


Department of Experimental Medicme 


MRC Laboratories, Gambia 
Gastroenterology Research Umt 


Clinical Genetics Research Unit 

Experimental Genetics Research Unit 

Human Biochemical Genetics Research 
Unit 


Microbial Genetics Research Unit 


Population Geneties Research Unit 


Psychiatric Genetics Research Unit 


Experimental Hematology Research 
Unit 


Abnormal Hemoglobin Research Unit 
Industrial Injuries and Burns Research 
Unit 


Laboratory Animals Centre 


infantile Malnutrition Research Unit 


Unit for Research on the Chemical 
Pathology of Mental Disorders 


Metabolic Disturbances in Surgery 
Research Unit 


Metabolic Reactions Research Unit 
Laboratory of Molecular Biology 
Mutagenesis Research Unit 


Neuroendocrinology Research Unit 


Neuropharmacology Research Unit 
Neuropsychiatric Research Unit 
Human Nutrition Research Unit 


Dunn Nutritional Laboratory 
Obstetric Medicine Research Unit 


Wernher Research Untt on Ophthalmo- 
logical Genetics 


Otological Research Unit 

Environmental Physiology Research 
Unit 

Pneumoconiosis Research Unit 


Unıt for Research on the Epidemiology 
of Psychiatric Illness 


_, 


Address 


Sn William Dunn School of Pathology, University 


of Oxford 
Molteno Institute, Downmg Street, Cambridge 


University College Hospital Medical School, 
London, W Cl 


Hammersmith Hospital, Ducane Rd , London, W 12 


King’s College Hospital! Medical School, Denmark 
Hill, London, S E5 


Dental School, Lower Maudlin Street, Bristol 1 
2 Forrest Road, Edinburgh 1 
Tendon, School of Economics, Aldwych, London, 


University of the West Indies, Mona, Kingston 7, 
Jamaica 


4 Richmond Road, Cardiff 


Yennis Court Rd, and 5 Shaftesbury Rd, Cam- 
bridge ~ 


Fajara, near Bathurst, Gambia, British West 
Africa 


Central Middlesex Hospital, Park Royal, London, 
N W 10 

Institute of Child Health, Hospital for Sich 
Children, Great Ormond Street, London, W C 1 

University College, Gower Street, London, W Ci 


Department of Biochemistry, King’s College, 


Stiand, London, W C 2 
Hammersmith Hospital, Ducane Rd , London, W 12 
Old Road, Oxford 


Institute of Psychiatry, Maudsley Hospital, Den- 
mark Hull, London, 5 E 5 


Wright-Fleming Institute of Microbiology, St 
Mary’s Hospital Medical School, London, W 2 


Department of Chemical Pathology, St Bar- 
tholomew’s Hospital, E C 1 


Birmingham Accident Hospital, Bath Row, Bir- 
mingham 15 


MRC Laboratories, 
Carshalton, Surrey 


Woodmansterne Road, 


Mulago Hospital, Kampala, Uganda 


Department of Physiology, The Medical School, 
Birmingham 15 


Department of Urology, The General Infirmary, 
Leeds 1 

Imperial College of Science and Technology, 
London, SW 7 


University Postgraduate Medical School, Hulls 
Road, Cambridge 


Institute of Anmal Genetics, West Mams Road, 
Edinburgh 


Department of Human Anatomy, South Parks 
Road, Oxford 


Department of Exper:mental Neuropharmacology, 
The Medical School, Birmingham 15 


MRC Laboratories, Woodmansterne Rd, Car- 
shalton, Surrey 


Nutrition Building, National Institute for Medical 
Research, The Ridgeway, MMU Hill, N W 7 


Milton Road, Cambridge 
University of Aberdeen Medical School 


Royal College of Surgeons of England, Lincoln’s 
Inn Fields, London, W C 2 


National Hospital for Nervous Diseases, Queen 
Square, London, W C1 


London School of Hygiene and Tropical Medicine, 
Keppel Street (Gower Street), London, W C1 


Liandough Hospital, Penarth, Glamorgan 


Department of Psychological Medicme, University 
of Edinburgh 


Prof J L Gowans (hanorary} 
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Director 


Dr Ann Bishop, FRS 
Dr E E Pochn 


D D Vonberg 
Dr T S Littler 


Prof A I Daling (hore ary) 


Dr J A Lorame 
Dr J W B Douglas 


Dr W E Mall 


Prof A L Cochrane (honorary) 


Prof B A McCance FRS 


Dr I A McGregor 
Dr E N Rowlands 


Dr J A Fraser Roberts, E R 8 


Prof H Gruneberg, FRS 


(honorary) 
Prof H Harns (honorary) 


Dr W Hayes 
Dr A C Stevenson 
Dr E T O Slater 


Prof P L Molhson 

Dr H pecans (honorary) 
Dr J P Bull 

Dr W Lane-Petter 


Prof R F A Dean 
Prof I E Bush (honorary) 


Prof L N Pyrah (honorary) 


Prof E B FRS 


(honorary) 
Dr M F Perutz, FRS 


Cham, 


Dr Charlotte Auerbach, F RS 
(honorary) 


Prof G W 
(honorary) 


Dr P B Bradley (honorary) 


Harris, FRS 


Dr D Richter 
Prof B 5 Platt 


Dr E Kodicek 
Sir Dugald Baird (Aonerary) 
Prof A Sorsby (honorary) 


Dr C § Hallpke, F RS 
Dr J S Wemer 


Dr J © Gilson 
Prof G M Carstairs (honorary) 
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Date of 
establishment Title of Unit ` Address Director 
(1957) Clincial Psychiatry Research Unit Graylingwell Hospital, Chichester, Sussex Dr P Sainsbury 
(1948) Social Psychiatry Research Unit Institute of Psychiatry, Maudsley Hospital, Den- Sir Aubrey Lewis (honorary) 
mark Hill, London, S E 5 N 
{1963) Psycholinguistics Research Unit Institute of Bapermmental Psychology, Oxford Prof R C Oldfield (honorary) 
(1944) Applied Psychology Research Unit 15 Chaucer Road, Cambridge D E Broadbent 
(1918) Industrial Psychology Research Umt University College, Gower Street, London, W C1 Prof G C Drew (honorary) 
(1958) Clinical Effects of Radiation Research Department of Radiotherapy, Western General Dr W M Court Brown 
Unit Hospital, Edinburgh 4 
(1959) Environmental Radiation Research peparen of Medical Physics, General Infirmary, Prof F W Spiers (honorary) 
ni ee 
(1947) Radiobiological Research Unit Harwell, Didcot, Berks Dr J F Lott, FRSE 
(1953) Radiological Protection Service Clifton Avenue, Belmont, Sutton, Surrey W Binks E 
{1953} Exper:mmental Radiopathologvy Re- Hammersmith Hospital, Ducane Road, Londo, Miss Tikvah Alper 
search Unit W 12 
(1958) Rheumatism Research Unit Canadian Red Cross Memorial Hospital, Taplow, Prof E G L Bywaters (honor- 
Maidenhead ary) 
(1952) Unit for Research on the Experimental The Medical School, Bumingham 16 Dr © N D Cruickshank 
Pathology of the Shin 
(1948) Social Medicine Research Unit The London Hospital Research Laboratories, Prof J N Morns 
Ashfield Street, London, E 1 
(1926) Statistical Research Unit University College Hospital Medical School, 115 Dr W R § Doll 
Gower Street, London, W O1 
(1947) ~ Toxicology Research Unit MRC Laboratories, Woodmansterne Road, Car- Dr J M Barnes 
shalton, Surrey 
(1956) Trachoma Research Unit Lister Institute of Preventive Medicme, London, Dr L E Colher (honorary) 
SWi,and MRC Laboratóries, Gambia ~ 
(1955) Tropical Metabolism Research Unit vane of the West Indies, Mona, Kingston 7, Prof J © Waterlow 
amaica 
(1948) Tuberculosis Research Unit MRC lLaboratones, Holly Hill, Hampstead, Dr P M D'Arcy Hart 
London, N W 3 
(1956) Unit for Research on Drug Sensitivity Postgraduate Medical School of London, Ducane D A Mitchison (Aenorary) 
in Tuberculosis Road, London, W 12 
(1955) Virus Research Unit MRO Laboratories, Woodmansterne Road, Car- Dr F Kingsley Sanders 
shalton, Surrey 
(1959) Experimental Virus Research Unit Institute of Virology, Church St, Glasgow, W1 Prof M G P Stoker (honorary) 
(1962) Vision Research Unit bay of Ophthalmology, Judd St , London, Dr H J A Dartnall 
MRC RESEARCH GROUPS 
Date of 
establish ment Title of Group Address Director 
(1960) Research Group in Enzymologv Department of Chemical Pathology, St Mary’s Prof A Neuberger, F R.8 
Hospital Medical School, London, W 2 
(1960) Research Group on Adrenergic Mech- University Laboratory of Physiology, Oxford Sir Lindor Brown, F R 8 
anisms 
(1960) Clinical Immunology Research Group Institute of Diseases of the Chest, Brompton Hos- Dr J Pepvs 
pital, London, S W 3 
(1961) Research Group on Experimental and Department of Surgical Science, University of Prof M F A Woodruff 
Clinical Problems of Transplantation Edinburgh 
(1961) Research Group on the Organization of Department of Physiology, University Medical Prof D Whitteridge, F RS 
Central Mechanisms Subserving chool, Edinburgh 
Vision. 
(1961) Cardiovascular Research Group Postgraduate Medical School of London, Ducane Dr J P Shilhngford 
Road, London, W 12 
(1961) ba rte Group on Demyelinating 13 Framlington Place, Newcastle upon Tyne 2 Dr E J Field 
1seases 
(1962) Research Group on the Relation of Department of Psychological Medicme, Queen Prof M Roth 
s nononal to Organic Psychiatric Victoria Road, Newcastle upon Tyne 1 
ness 
(1962) Epigenetics Research Group Institute of Animal Genetics, University ofEdmburgh| Prof © H Waddington, FRS 
(1963) Research Group on Respiration and London Hospital Medical College, Turner Street, Prof K W Cross 
Energy Metabolism in the Newborn London, í 
(1963) Biomechanics Research Group Royal College of Science and Technoldgy, George Prof R M Kenedi 
Street, Glasgow C 1 
(1963) Research Group on the Immunological Institute of Dermatology, Lisle Street, London, Dr J L Turk 
Aspects of Dermatology we? 
(1963) Research Group an Genetic Problems Department of Orthopaedic Surgery, University Prof J I P James 
in Orthopedic Disease Medical School, Edinburgh 
(1963) Research Group for the Study of Postgraduate Medical School of London, Ducane 


Dr D L Molin 
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PROGRESS OF CANCER RESEARCH 


To fortieth annual (1962) report of the British 
Empire Cancer Campaign* is a weighty volume of 
nearly 700 pages, the titles of papers published by the 
research workers financed wholly or m part by the Cam- 
pagn, or who work m centres affihated to the Campaign, 
numbered nearly 900 m 1962 (almost a third of this huge 
total came from the Institute of Cancer Research, London) 

As ın previous reviews, the material of the report will be 
divided into three mam groups and treated by three 
reviewers ‘“‘Carcmogenesis and the Biology of Cancer 
Generally” (IH), ‘Radiobiology, Radiotherapeutics 
and Physics? (P A) and the “Chlnico-Pathology of 
Cancer” (A L L) 

It should scarcely be necessary to say that only a 
fraction of the many interesting research topics can be 
dealt with, and many must be omitted 

Haddow et al have continued their mvestigation of the 
carcmogenic potency of compounds contammg won, 
those showing activity were saccharated 1ron-oxide, 
ferric-sodium gluconate, ferrous glutamate and iron 
hydrogenate dextran The interest and mmportance of 
these investigations are, of course, that these compounds, 
or at least substances similar to them, are bemg used m 
medical practice as anti-anemia preparations, and on a 
large scale 

The Fahmys have continued their work on mutagens ag 
carcinogens, ın Drosophila, they find that calf thymus 
histone (basic protem) and poly-L-glutamic acid (acid 
protem) produce small chromosome deletions, but 
other macromolecules were also effective, for example, 
polymethacryhe acid (molecular weight about one 
milhon) 

The failure to show resistance by normal tissue to 
invasion by cancer tissue has been explamed by Green as 
due to a loss of immunological identity factors, and this 
idea is given support by the discovery that tumour tissue 
is lacking in certain of its protem components, the work 
of the Millers and others on protein changes m azo-dye 
carcinogenesis m rat hvers lends support to Green’s 
hypothesis The main feature of the deletion theory of 
carcinogenesis, according to Green, 18 that the transforma- 
tion consists in the loss of certain specific immunological 
factors (iso-antigens) which determine the relationship 
of cells to one another, normal cells are supposed to 
exhibit identifying 1so-antigens, the carcinogen combines 
with these antigens, the normal tissues react by attempt- 
ing to destroy the cells presenting the new antigen com- 
plex, these cells respond by losing the new antigen which 
carries with ıt the identifymg 1so-antigen, the resulting 
cells are now free from this antigen and can now mvade 
tissue without bemg recognized Accordmg to this view 
the cancer cell ıs deficient ın antigenic factors, but for- 
tunately for the outlook for therapy on mmmunological 
or chemotherapeutic lines, evidence ıs now coming to 
hight that cancer cells do im fact contam new antigens 
not present m normal tissue, and although ıt would be 
going too far to say that there are grounds for much 
optimism, pessimism no longer seems entirely justified 
In the early years of organized cancer research in the first 
decade or two of the century, ıt was found that some 
immunity to transplantable tumours m mice could be 
mduced by first moculating the animal with embryonic 
tissue or with skin But when pure strains of mice became 
available, this ummunity was shown to have been brought 
about by stram differences rather than by any immuno- 


* British Empire Cancer Campaign Fortieth Annual Report covering 
the year 1962 Part 1 The Chairman’s Statement and the Accounts of the 
Central Organization Pp xxxvi Part 2 The Seientific Report of the 
Researches undertaken by the Central Organization and its Autonomous 
Councils in the Umted Kingdom and by some of its Affluated Organizations 
Cr Pp xxxix~lxi698 (London British Empire Cancer Campaign, 
. 1963 


logical differentiation between normal and neoplastic 
tissues Nevertheless, attempts to make use of immunity 
as an anti-cancer technique has been the aim of countless 
experiments ever since transplantable tumours became 
avauable in the laboratory. 

Work at the Westminster Hospital, London, on tissue 
protems by electrophoretic analysis has shown that m 
cancer the composition of the liver 1s changed, the more 
basic components are decreased and the more acid com- 
ponents mereased Baldwm at Nottmgham, m immuno- 
logical investigations of rat liver cell antigens durmg 
azo-dye carcinogenesis, states “Further confirmation of 
deletion of normal rat liver cell sap antigens from DMAB- 
mduced lver tumour has been obtamed from the analysis 
of rabbit anti-normal liver cell sap antisera pre-absorbed 
with tumour cell sap Immunoelectrophoresis of absorbed 
antisera has permitted further 1esolution of cell sap 
antigens showing that out of sixteen components, six 
normal liver antigens were deleted from tumour 
Followmg exhaustive absorption of anti-tumour cell sap 
antiserum with normal liver cell sap, three antigenic 
components reacting with the tumour fraction were still 
detectable Hence it ıs concluded that DMAB-mmduced 
liver tumour contams at least three abnormal cell sap 
antigens which do not cross-react with normal liver ; 
Microsome fractions from DMAB-induced tumour have 
also been shown to contain abnormal antigens Thus four 
antigenic components were detectable followmg agar-gel 
immunodiffusion analysis of deoxycholate solubilized 
muicrosome fractions from liver tumour with anti-tumour 
mucrosome antisera, and at least one of these antigens 
did not cross-react with normal hver microsome fractions 
Further confirmation that DMAB-induced liver tumour 
contains abnormal microsomal antigens was obtamed 
from the analysis of anti-tumour mucrosome antisera 
pro-absorbed with normal microsomes” 

Schild and Dale at University College, London, refer 
to some of ther work as “Anaphylaxis and the Investiga- 
tion of Specific Tumour Antigens” 

Woodruff, at the University of Edinburgh, from an 
examination of A stram mice bearing spontaneous or 
transplanted mammary carcimoma, concludes that this 
tumour possesses one or more antigens not present m 
normal A stram tissues, and retams these after trans- 
plantation. He now states ‘Further work (Woodruff 
and Symes, 19625) has shown that after a cortam number 
of transplant generations, which differs for different 
tumours, the capacity to evoke splenomegaly 1s lost and 
this 1s attributed to deletion of tumour-specific antigen 
It 1s suggested that such deletion may occur also in 
tumours which are not transplanted but remam suffici- 
ently long in the anımal m which they arise 

“If this hypothesis is correct ıt would seem to provide 
an important clue to the understandmg of the behaviour 
of malignant tumours not only m experimental an:mals 
but also m man Durmg the phase of antigenic difference 
a tumour may conceivably be held ın check, or even 
destroyed, by immunological mechanisms, whereas after 
deletion of all tumour specific antigens the natural ım- 
munological defences have no point d@’appur and any 
restraming effect they may have 1s lost ” 

Tissue culture has rapidly become an important labora- 
tory technique in cancer more than twenty different 
investigations using the ın vitro method are described ın 
tho report, for example, cultures of tumour cells are being 
used as test-tube material for assessmg the cytostatic 
effect of drugs used ım the chemotherapy of cancer 
Wyle and Easty state ‘The most consistent success has 
been obtamed ın growimg various glomata, meluding 
astrocytomata, medulloblastomata and ependymomata. 
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Thirty-seven of these tumows have been grown, twelve 
of them for periods of 4 days or more ım the presence of 
various chemotherapeutic agents, mcluding melphalan, 
chlorambucil, thioTEPA, methotrexate and mannitol 
myleran Methotrexate proved wholly mactive in this 
system, possibly on account of the composition of the 
medium The results of these studies were assessed by 
two parameters the LD50, or dose of a drug (in vitro) 
found to kil 50 per cent of the cells present on the first 
day of the test, and the Tissue Culture Therapeutic Index 
which 1s the ratio between the LD50 of the drug an vtro 
and the dose required chnically to suppress the neutrophil 
leucocyte count by 95 per cent 

“The pattern of results obtamed in the brain tumours 
was fairly consistent irrespective of histological type 
Initially, 1 e im the first 48 hours, melphalan appeared to be 
the most toxic drug as expressed by the LD50 but was 
surpassed in most cases after 4 days by thoTEPA The 
Tissue Culture Therapeutic Index, however, always 
favoured mannitol myleran on account of the non-toxicity 
of the latter drug wm vwo ” 

Easty and Yarnell write “The concept of rapidly 
glowing tumour cells as bemg ‘nitrogen traps’ has led to 
the suggestion that plasma and other protems may be 
ingested mtact by tumour cells The uptake of macro- 
molecules ıs also of fundamental importance in the 
process of cell transformation usmg preparations of DNA 
or RNA Waith this m mind the uptake of protems from 
the medium by monolayer cultures of normal and malig- 
nant cells has been contmued this year ‘The process 
has been followed usmg fiuorescent-labelled protems 
added directly to the medium, and by smmunofluorescent 
staining with the fluorescent antibody technique The 
proteins enter the cells by the process of pmocytosis, 
muitially in the form of spherical vacuoles, which from an 
electron mucroscope study of Dr E H Mercer are 
seen. to be enclosed by a membrane origmating from the 
plasma membrane 

“Cultures of twenty-seven different cell types, fifteen 
of ‘normal’ origin and twelve of ‘tumour’ orgin, have been 
exammed The results have confirmed our earher con- 
clusions. Fibrocytes pmocytose vigorously, and sarcoma 
cells, presumably derived from connective tissue cells, 
behave similarly Normal epithelial cells m primary 
culture pmocytose vary slightly, if at all, whereas epithe- 
hal cells which have been mamtamed in culture for many 
generations exhibit moderate pmocytosis, as do some 
carcmoma cells Several of the hnes of ‘normal’ epithehal 
cells are suspected of having undergone transformations, 
‘malgnant’ or otherwise It is, therefore, not surprismg 
that they should show properties simular to those of the 
carcinomas, cells ”’ 

Ambrose et al have examined carcmogenesis n vitro, 
that is, the action of the polyoma virus acting on tissue 
cultures of normal hamster kidney fibroblasts “Further 
investigations indicated that this change from normal to 
tumour cell surface was dependent on an alteration m a 
siahe acid contammg macromolecule (possibly muco- 
protem or glycolipid) More expe1:ments have now shown 
that the heterogeneity of the transformed cells after 
prolonged culture 1s due to some inherent mstabilty of the 
transformed cells When exammed soon after the trans- 
forming event, the mahgnant cells consist of a homo- 
geneous population having an electrophoretic mobihty 
about 25 per cent greater than that of the normal clone. 
Experiments are m hand to elucidate further the nature 
of this enhanced surface charge, smce this merease appears 
to be remarkably characteristic of the malignant change, 
whether carcmogenesis 18 by viral, hormonal or chemical 
agents ” 

At the Strangeways Laboratory ın Cambridge, further 
experimental evidence has been obtamed of the trans- 
forming effect of sumply culturmg cells in vuro without 
the addition of any specific caremogenic agent “It is a 
common experience m tissue culture laboratories that 
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afte. prolonged cultivation cell lmes usually become 
malignant, 10 when injected into animals they form 
transplantable tumours 

“During the present investigation of the action of cobalt 
chloride on cells a vitro, two lines of dermal fibroblasts 
have been developed from the same pooled sample of 
dorsal skin from fæœtal rats Of the two lines, one (16C) 
has recerved no cobalt treatment, whereas the other 
(162) was exposed intermittently to cobalt chloride 
during the first 8 months wm vitro and became more tolerant 
of cobalt than the control (16C) The metabolic differences 
between the two lines afte: 6 months m culture have been 
described ın a previous report (BECC Report, 1959), 
they meluded a relatively low respiration and imereasod 
glycolytic activity m the cobalt-treated lme which also, 
unlike the untreated Ime 16C, produced much hyaluronic 
acid At that tıme, nexther lme formed tumours when 
implanted mio rats 

“From the eighth month zn vtro, the respiration of the 
control line 16C also began to fall, and by the eighteenth 
month 1t was simular to that of hne 168 

“The celis have now been grown in vuro for 3 years, 
and the effect of the mjection of the two altered cell lines 
into rats has recently been re-investigated For each 
line, approximately 107 cells were injected intramuscularly 
into the mght thigh of each of ten rats Both Imes gave 
rise to tumours 

“The tumours produced by both the 160 and 16R 
cell hnes were poorly differentiated fibrosarcomata with 
httle imtercellular matemal, both hnes of tumours were 
invasive and transplantable ” 

The antigenic properties of these cells mn cultme have 
been investigated also at Cambridge “An investigation 
is being made of the antigens of the two Imes of rat fibro- 
blasts, 16C and 168, which, as mentioned above, have 
developed the ability to produce tumours when implanted 
mto rats Preimmary studies on the B antigen 
have shown. that both lines consist of a mixed population 
of cells, some of which possess this antigen Prelmuinary 
chromosomal analyses have revealed the presence, in 
many cells of each line, of one or more long metacentric 
chromosomes which are absent from normal rat cells 
In both Imes there ıs a wide range of chromosome comple- 
mont, from less than the diploid to above the tetraploid 
number” 

The discovery of cancer-producing viruses might have 
suggested that, even 1f no immunity could be created 
against the tumour, at least ıt might be brought about 
against so different an organism as & virus, moreover, the 
virus theory of the origin of cancer has been steadily 
gaming remforcements smee more and more viruses as 
carcinogeme agents have been discovered, for example, 
the mammary tumour virus, the leukemic viruses of 
Gross, Friend, Graffi and Moloney, the polyoma virus of 
Stewart and some viruses m cattle 

Salaman finds that centrifugates and cell-free filtrates 
of thymus and lymph nodes from bovine malignant 
lymphoma when injected mto mice merease the meidence 
of leukemia from 0-5 to 9 per cent Hoe has also been 
working with the Moloney virus, which mnduces leukemia 
m muce and ıs conveyed by vertical transmission (VT), 
that ıs, leukemia develops ın high incidence m the un- 
treated progeny of virus-moculated animals, VT has been 
reported for four murme leukemogenic viruses (those of 
Gross, Graffi, Moloney and Friend “Transference of 
virus durmg lactation was demonstrated by fosterng 
experments Females ım advanced pregnancy were 
placed in the upper half of a cage separated from the 
lower half by $- wire mesh, and a foster-mother with a 
newborn litter (marked) ın the lower half The I:tter of 
the female in the upper half fell through the mesh within 
minutes of birth Of thirty-one mice born of MLV. 
moculated females and fostered by normal females, 
observed for 60 weeks, only one became leukemic, at 
49 weeks Of nmeteen mice born of nomal females “and 
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fostered by MLYV-moculated females, five became leuke- 
mic before the 15th week, and a further thirteen before 
the 50th week 

“These results showed that MLV is transferred from 
mother to offsprmg durmg the lactation pemod, and no 
evidence was obtamed of transmission from the father, 
or from the mother durmg the prenatal period They 
agree fairly closcly with those of Law and Moloney, who 
used the same virus, though these authors also quote 
results, which they regard as equivocal, which appear 
to show that MLV may occasionally cross the placental 
barrier Gross (1961) found that lis passage A virus 
passes from the mother, but not from the father, to the 
progeny ” 

Lhe Moloney virus (MLY) will induce leukemia in rats 
as well as m mice and 18 also conveyed by vertical trans- 
mission, of ten offsprmg of MLV-moculated female rats 
mated to normal males, nine became leukemic A further 
virus has been identified, the plasma lactic dehydrogenase- 
elevating virus of Ruey (RV) which has been found m 
many standard transplantable mouse tumours with long 
laboratory histories and contammates many strains of 
murine oncogenic viruses RV fails to mduce neutrahzmg 
antibodies and 1t has never been shown to be leukemo- 
gemic or oncogenic, the virus ıs transmitted to the off- 
spring of females (which acquire the infection either 
naturally or by inoculation) durmg pregnancy, transmus- 
sion occurs in utero and not via the milk 

Workers at the Glasgow Vetermary School find that 
lymphosarcoma ın domestic animals (cattle, the dog, cat 
and pig) cannot be transmitted to rats and mice, when 
examined in the electron microscope the tumour shows 
virus-like particles very sımılar to those found m mouse 
leukemias Bovine papilloma is the commonest trans- 
mussible tumour of cattle, and electron micrographs of the 
virus show a close resemblance to the viruses of rabbit 
papilloma and to polyoma 

Octtilé at the South African Institute for Medical 
Research reports that Mastomys, the Natal rat, which he 
discovered was very susceptible to spontaneous gastric 
cancer 18 now showing a high ineidence of skin papilloma- 
tosis which occasionally develops mto metastasizing 
carcinoma, Oettlé describes the condition as infectious 
papilomatosis 

Sur Charles Dodds eż al have been assayimg the cestrogen 
content of poultry which has been treated with hexcestrol 
ın order to improve weight and tenderness of the meat, 
but “has been regarded as a possible carcmogenie risk 
to the consumer In our experments the cestrogenic 
residues were determined in the livers and flesh of three 
birds treated with a 25 mg pellet of hexcestrol implanted 
in the neck for sıx weeks_before slaughter At the same 
time the tissues of three untreated birds were extracted 
in the same manner The tissues were completely ex- 
tracted with ether, and the total phenolic fraction of this 
extract, which was considered to contain all the cestrogenic 
matter, was dissolved ın arachis oil and assayed for 
cestrogenic activity by mjection mto groups of immature 
female mice 

“The carcases of the hexoestrol-treated chickens 
contamed a total cestrogeme activity correspondmg to 
1 96 pg of hexoestrol and the untreated chickens contained 
less than 004 ug In both cases the livers contamed 
cstrogenic activity correspondmg to approximately 
09 ug hexoestrol’’ Clearly by the time the birds are 
eaten the myjected cestrogen has been all but eliminated, 
that 1s, from 25 mg to less than 2 ug ` 

Orr at Birmingham, working on the chemical induction 
of breast tumours in mice, finds that the C; stram has a 
low incidence of spontaneous pseudo-pregnancy and 1s 
relatively msusceptible to breast carcmogenesis by 
methyleholanthrene, but virgm mice of the 1/ stram and 
F, hybrid have a high meidence of spontaneous pseudo- 
pregnancy and are very susceptible to breast tumour 
induction ‘‘Pseudopregnancy attamed by mating with 
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vasectomised males causes the greatest increase in sus- 
ceptibilty m all three genetic types of mice, the effect 
bemg most noticeable m C5751. 

“In another experiment, F, hybrid virgins have had 
their own ovaries removed and replaced by ovames from 
one of the parent strams or from similar hybrids This 
enables the response of different genetic types of F, 
hybrid breast tissue to tumour mduction by MC while 
under the hormonal influence from ovaries to be mvesti- 
gated 

“The results of these experrments may enable us to 
determine whether the genes controlling the susceptibility 
of the breast tissue to tumour induction by MC are actmg 
indirectly through their effect on ovarian hormone pro- 
duction, or directly on the breast tissue itself ”’ 

Galton ef al have been workmg on the Philadelphia 
chromosome discovered im the leukemic cells of human 
subjects “Ten patients with chronic granulocytic 
leukemia, untreated, treated and at varying stages of the 
disease, have all shown the Ph, chromosome in every cell 
im the bone marrow on direct preparation The frequency 
and significance of the presence of the Ph, chromosome 
and its relation to treatment ın these ten patients over a 
period of 18 months forms the basis of material to be 


. published shortly 


“Two children, aged 114 and 12, with chronic granulo- 
cytic leukemia, both treated with busulphan for 4 and 
8 weeks respectively, showed the PA, chromosome m 
every cell in the bone marrow on direct preparation 

“Chromosome studies in direct bone marrow and 
peripheral blood culture preparations obtamed from 
patients with chronic lymphatic leukemia are m progress 
in the hope of detecting differences between those patients 
with advanced but only very slowly progressive disease 
and those with more rapidly progressive disease ”’ 

AS m previous years a very substantial proportion of 
research work sponsored by the British Empire Cancer 
Campaign ıs concerned with radiation research, and 
important findings are reported at all the different steps 
which mtervene between the exposure to the radiation 
and the final biological injury 

The now technique of flash radiolysis for detecting short- 
lived chemical species ın water wradiated with usec pulses 
of intense electron beams has been exploited highly 
successfully at two centros J P Keene (Christie Hospital, 
Manchester) first observed a broad band of optical 
absorption when pure de-aerated water was irradiated, 
and this proved the presence of a short-lived and highly 
reactive (particularly with oxygen) species other than 
OH and H radicals Parallel research at Mount Vernon 
Hospital, London (J. W Boag et al), appears to have 
established that this entity 1s a hydrated electron, and the 
chemical reactivity of this interesting intermediary 1s now 
being studied Whether hydrated electrons play a part in 
initiating biological damage remains to be discovered 
New techniques (Guy’s Hospital Medical School, London) 
promise to provide direct evidence on the magmitude of 
the local heating effect along the track of an 1omzing 
particle Rises in temperature of up to 100° C are cal- 
culated and ıt 1s conceivable that these may brmg about 
the denaturation of protem molecules following irradiation 
m the solid state It has long been a puzzle why a single 
iomzation anywhere within a protem molecule should 
result in far-reaching changes in 1ts secondary structure 

Following on the various physical processes, a variety of 
molecules ın the radiated material undergo irreversible 
chemical changes and some of these reactions constitute 
the prmnary lesions for radiation-induced cell death So 
far there ıs no clear evidence concerning the nature of 
the actual cell constituents involved There appears to be 
no mcreased, radiation damage to DNA m cells rendered 
more radiosensitive by a variety of procedures (Chester 
Beatty Research Institute, London), and J Weiss also 
concludes from chemical investigation that DNA m 
nucleoprotein 1s highly protected against radical attack. 
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If not DNA, what are the sites of the primary lesions ? 
A clue may be derived from the fndmg by L H Gray 
etal that the permeability of cells 1s increased by a radio- 
sensitizing treatment. It is also interesting that D L 
Dewey finds ıt necessary to explam his survival curves 
with bacteria by postulating the formation of a radio- 
toxm which 1s responsible for some of the lethal action 
of X-rays 

Many studies of factors which alter the radiosensitivity 
of cells are reported They are of the greatest importance 
for mammalan radiobiology and m addition may throw 
hght on the fundamental problems discussed above 
Electron spin resonance techniques have made it possible 
to establish that the mechanism by which sulphydryl 
compounds protect the relatively simple system of salmon 
sperm heads agamst y-rays mvolves repair of a radical 
by the hydrogen atom from the sulphydryl group (P. 
Alexander, A Baker and M G Ormerod) ‘This restitu- 
tion. reaction 18 prevented if the radical becomes peroxid- 
ized and the net extent of damage mvolves a competition 
betweon the sulphydryl compound and oxygen for the 
radical Attempts have been made to correlate the radio- 
resistance of different cell lines with their sulphydryl 
content Changes ın the physiological state of the cell 
have long been known to influence radiosensitivity to a 
marked extent J V Davies and C Russell now find that 
the magnitude of the sensitization obtamable by pre- 
uradiation treatment with nitric oxide depends on the 
metabohe character, while at Mount Vernon Hospital 
ageing of ascites cells ın vuro mereased the extent of 
chromosome damage, which was also enhanced if the cells 
were pretreated with ATP The stage in the division cycle 
at which a cell 1s wradiated has been known to alter the 
dose required for killmg the cell, and A J Bateman has 
now demonstrated for the mouse that the mutagenicity 
of X-rays varies mn the different stages of spermatogenesis 

Radiosensitization by pyrimidine analogues and by 
sulphydryl poisons, such as 10doacetamide, of bacteria 
and mammalian cells ın vitro has been mvestigated, but 
the mechanisms remain obscure Although these treat- 
ments have to be given before irradiation the possibility 
that sensitization imvolves post-rradiation recovery 
processes cannot be excluded (Chester Beatty Research 
Institute, London) The same group finds that the com- 
position of the growth medium and post-irradiation 
storage conditions errtically alter the lethal offect of 
X-rays to leukemia cells The discovery made fifteen 
years ago at Oak Ridge that the survival of irradiated 
bacteria could be increased by storage for a few hours at 
sub-optimal growth temperature has now been extended 
to mammahan cells This observation might be usefully 
linked to the mgemous suggestion of D B Cater et al 
to heat up selectively by radiowave diathermy badly 
vascularized tumours Blood-vessels act as cooling pipes 
and the cells most distant from blood-vessels will attain 
the highest temperature J Read m New Zealand has 
shown that yet another post-treatment—namely, exposure 
to imfra-red—which was known to increase the effect of 
X-rays in plants also mereases tho lethal action of X-rays 
for mammalan cells ın vitro The dose of radiation 
needed to kill mammalian cells 1s clearly capable of beng 
varied m many ways by both pre- and post-irradiation 
treatments, and 1t seems quite possible that further work 
along these lines may well be capablo of practical applica- 
tion to radiotherapy i 

On moving from the cellular level to irradiation of 
mammals many complexities are revealed The treatment 
of radiation injury by bone-marrow transplants continues 
to be investigated at many laboratories, and there remam 
many intricate problems E A Wright etal , by combmmg 
protection by cysteamme and hypoxia with treatment 
with antibiotics and syngeneic bone-marrow, were able to 
increase the LD; for mice to 8-MeV electrons from 940 
to 3,520 rads Data contmue to accumulate concerning 
the importance of effects at a distance (or abscopal effects), 
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and D Maor and P Alexander report marked biochemical 
alterations m lymphatic organs of rats following wradia- 
tion of the head only. 

The etiology of many of the delayed offects of radiation 
remaims quite obscure S M Landers and P L T Ilbery 
(Sydney) find chromosome abnormalities m the thymus 
of irradiated mice long before these became leukemic, 
and conclude that cells with altered karyotype were 
present before supervention of malignancy as judged by 
the criterion of transplantablty At Mount Vernon 
Hospital, an earlier observation that croton oul promotes 
skm tumour induction by f®-rays has been con- 
firmed. 

The hfe-span shortening effect of whole-body radiation 
continues to be investigated D I Connell compared 
the pathologies of irradiated and control animals killed at 
monthly intervals, and concludes that radiation cannot 
be considered as @ generahzed acceleration of normal 
ageing because the time course of different diseases 18 
affected quite differently by wradiation At St Bartholo- 
mew’s Hospital, London, very extensive mvestigations 
have shown a quite different disease pattern for mice sub- 
lethally irradiated at 4 weeks and at 30 weeks of age, 
and the researchers conclude that the cause of life-span 
shortenmg depends on the hormonal status of the mice at 
the tıme of irradiation The same group has been quite 
unable to confirm im a very large-scale experiment an 
earlier American claim that a single dose of irradiation to 
male mice reduces longevity of thew offsprnmg 350 r 
to the fathers even when repeated over three successive 
generations did not alter the life-span, disease meidence, 
fertility or growth rate of thew progeny 

Amoroso and Stem-Werblowsky report some interesting 
observations on the association of the habilty to cancer 
and pregnancy ın rats Using the so-called transplantable 
malgnant chonon-epithehoma of Stem-Werblowsky, 
they found mbubition of tumour growth ın the uterme 
horns of rats which contamed post-coital secretion, com- 
pared with virgin rats, the tumour mhuibition bemg 
meximal m fwd which had accumulated several hours 
post-coitally In a second experiment tumours which 
were temporarily placed in the uterme horns of both vu gin 
rats and in post-coital fluid failed to grow on transfer 
to a second host, and a similar result was obtamed when 
tumours were exposed to post-coital fluid n vitro Post- 
cortal fluid is, of course, a composite, and 1b was found 
that by exclusion of spermatozoa (mating with vasectom- 
1zed males) the resultant fluid had no anti-tumour activity, 
neither had the flud m such matings after ıt had been 
incubated wm vitro with spermatozoa From this result 
thoy concluded that the uterus in presence of spermatozoa 
produces a tumour-mhibiting agent, or that spermatozoa, 
m that environment release the active agent 

There are three reports on lymphangiography and its 
results, the art of outhning lymphatics ıs almost as old 
as the discovery of the lymphatic system, which 1s a 
system of blindly ending capillaries present in most parts 
of the body, the collected lymph being filtered at inter- 
mediate lymph nodes en route for the mnommate veins 
into which the main lymphatic vessels ultimately empty 
It 1s essentially an absorbative system Most carcinomas, 
all the malbgnant lymphomas and some sarcomas mvolve 
the lymphatic system, and the very foundation of con- 
temporary management of such cancers is to remove or 
otherwise destroy the regional lymphatic draimage of a 
mahgnant tumour, m addition to the treatment of a 
primary lesion That the various methods attempted 
have met with some success there can be no doubt, but 
there are unsatisfactory aspects of the different procedures 
which need judgment m their use For example, ıb 1s 
manifestly impossible to remove all the existent nodal 
lymphatic tissues m the axila, yet radical mastectomy 
for carcinoma of the breast arms to do just this, as part 
of the operation Removal of the rectal lymphatics can 
only be performed by removing the rectum and lower 
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colon, with the consequent formation of an artificial anus, 
a standardized procedure for operable carcmoma of the 
rectum Irradiation of lymph nodes where for various 
reasons operation, seems to be technically 1mpossible, or 
fraught with msks to spread, is necessarily a blunderbuss 
affair, as all tissues ın the fields of wradiation, sound or 
diseased, are soverely injured The effectiveness cannot be 
guaranteed because the tumour cells may prove refractory, 
and, unlike the surgical procedure where the operation 
specimen can be examined histologically, 1+ may never 
be known whether the procedure was deserved or not 
As may be guessed, the whole business of the management 
of the lymphatics ın cancer 18 a fertile ground for argument 
between protagonists of the various procedures, for the 
good reason that m many fields the value of the different 
approaches 1s not conclusively proved 

Lymphangiography is performed by injecting & radio- 
opaque oi] mto the lymphaties of an extremity and 
folowing its progress radiologically through the regional 
lymphatics and ultimately to remote lymphatics It 1s 
possible to distinguish mvolved nodes from ummvolved 
nodes whero these are inaccessible to palpation (in the 
latter half of the twentieth century nothing has rivalled 
manuel examination for assessing the state of palpable 
lymph nodes) The procedure may be unhelpful or even 
misleading, though, as with axillary lymph nodes, where 
many of them may be 1 mm m diameter and when eyth 
do contain a few malignant cells, as 1s not uncommonly 
found histologically, this ıs a situation clearly beyond the 
resolving power of contemporary radiological equipment 
On the other hand, ıt 1s possible that lymph nodes which 
are of any size can be accurately outhned and radio- 
therapeutic fields planned accordingly This seems to be a 
very worth-while technique, and over the next few years 
1t 1s to be expected that the results will be forthcommg 
and 1s position in medicine and value in the management 
of mahgnant disease will be assessed 

Malignant disease along with accident are the common 
causes of death m childhood, and a report from the 
Children’s Tumour Registry at the University of Man- 
chester 1s an analysis of a group of tumours called neuro- 
blastoma comprising 54 cases, and another group of 14 
cases with similar histology but not so designated on the 
grounds that they appeared to be primary ın bone and 
that thar clinical and biochemical behaviour was unlike 
secondary deposits of neuroblastoma in bone 

Neuroblastoma 1s a tumour arismg m the sympathetic 
nervous system, a fact often demonstrated anatomically 
or suggested by the histological appearances The 
special group of 14 cases the authors consider resemble 
a group delhneated by the late James Ewing, after 
whom 1t ıs known eponymously as Ewing’s tumour 
Histologically this group resembles the least differentiated 
but acceptable neuroblastomas The tables presented 
show an age of onset later than the first two years of hfe 
and show a worse prognosis than ın the neuroblastoma 
group taken as a whole From thew figures 1t 1s also 
apparent that the outlook for the group of neuroblastomas 
which occupy the same age groups as the Ewing’s tumour 
is equally hopeless, but expectation of life m months 1s 
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somewhat better. The debate on whether Ewmg’s tumour 
1s an entity has been alive for more than two decades, 
and rt appears that the present work has arrived at an 
impasse From the data presented ıt could be argued that 
Ewing’s tumour and poorly differentiated neuroblastoma 
are variants of a common diseaso The problem mvolved 
does leave one to speculate on some of the limitations of 
the histological method and its place m the management 
of malignant disease The difficulty of assessment of the 
results of treatment and comparison between various 
methods in the first mstance 1s having the same commodity 
to compare There 1s nothing ın human tumours so far as 
standards of identity are concerned remotely comparable 
with the purity attamable by the chemist, and histological 
diagnosis 18 the most universally acceptable diagnostic 
criterion, since the material m which the diagnosis made 
18 permanent and can always be reviewed 
Since a histological opmion 1s ultimately a matter of 
subjective impression, clearly there must be some com- 
mon ground or Babel would result and no useful com- 
munication between pathologists would be possible 
What is usually the situation 1s something lke this—in 
the case of the rare, well-defined tumour there 1s universal 
agreement in diagnosis With regard to common malig- 
nant tumours, histological diagnosis would depend on 
how much of the specimen has been examined, for ıb 18 
a frequent experience that the more tissue submitted 
to histological exammation the wider the range of patterns 
will extend Patterns to the histologist are a reflexion 
of differentiation on the part of the tissue, progressive loss 
of the capacity to form the normal miucro-anatomical 
appearances connoting anaplasia Ultimately with 
extreme anaplasia all tumours whatever their omgins 
must look alke, and are only modified by local factors 
such as the presence, density and nature of any supporting 
stroma, the 1ates of cell division and death, and the local 
blood supply In this sort of situation the histologist 
only reporting on what he sees cannot really pomt to the 
anatomical site of origin of an undifferentiated tumour 
He could mdicate perhaps certain lnes of mvestigation 
which might lead to it, but by and large the problem of the 
undifferentiated tumour 1s a clmical and anatomical one 
Clearly, 1f an undifferentiated tumour arises ın bronchus, 
cervix or bladder as ıt ıs likely to do, then 1t 1s respectively 
a carcinoma of the bronchus, cervix or bladder, rro- 
spective of the fact that the three tissues are quite indis- 
tinguishable from each other histologically 
The problem over Ewing’s tumour is that the histological 

method has probably been pushed beyond its limits and 
that poorly differentiated neuroblastoma cannot really 
be differentiated from other similar anaplastic tumours 
The justification for sphtting 1t off from the main group of 
diseases rests entirely on anatomical and clinical grounds 
It ıs reasonable to call the histological appearances un- 
differentiated tumour, thus leaving the question of its 
histogenesis open, but allowing the clinician to decide 
on its nosological status. 

P ALEXANDER 
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MEDIEVAL PREPARATIONS OF URINARY STEROID HORMONES 


By Dr LU GWEI-DJEN and Dr JOSEPH NEEDHAM, F.R.S. 
Gonville and Caius College, Cambridge 


the steroid sex hormones, both androgens and 
cestrogens, ıs a characteristic achievement of modern 
science stemming from nmeteenth-century transplanta- 
tion experiments and twentieth-century examination of 
the unsapomfiable hpins It would scarcely be expected, 


Co of the physiology and biochemistry of 


therefore, that in any phase of ancient or medieval science 
1b should have been possible to make preparations which 
possessed activity of this kind 

Recently, however, we have come across a corpus of 
material which indicates that just this was accomplished 
by the Chinese 1atro-chemists between the tenth and the 
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sixteenth centuries A D. Guided by theories of traditional 
Chinese type, not of course the same as those of modern 
science, and using urme in large quantities (up to 300 
gallons) as their starting-point, they succeeded ın pro- 
paring mixtures of androgens and cestrogens in relatively 
purified form, and utilizmg them ın medicme for many 
hypogonadic conditions The classical discovery of 
Aschheim and Zondek ın 1927 that pregnancy urme 
contains large quantities of certain steroid sex hormones’, 
and the subsequent recovery of these and others from 
other urmary sources, was thus strangely anticipated 

All the methods (we have translated six of them) start 
with large amounts of urine (as if on a modern pharma- 
ceutical manufacturing scale), from adults or adolescents 
of each sex The simplest, possibly the oldest, took the 
whole mass obtained by evaporating to dryness, including 
the steroid glucuromdes and sulphates with much else, 
but most of the methods embodied various precipitations 
to obtain a colourless and odourless product One used 
calcrum sulphate, which would have assisted protem 
precipitation and therefore that of the conjugates also 
Another made use of the saponins from the soap-bean 
tree, Gledrtschia sinensis*, the bean juice being added to 
the urme at the rate of one bowlful for every tub The 
precipitate was afterwards extracted with boiling water, 
so that some steroids carried down on the protem were 
probably released as ıt denatured, while those combined 
with the saponms remained msoluble Without ad hoc 
experiments, which ıb would indeed be interesting to 
carry out, one cannot say which steroid hormones could 
have been thus separated; but the quasi-empirical 
anticipation of the classical discovery of the digitonin 
precipitation of cholesterol by Wmdaus in 1909 1s extra- 
ordinary’. Besides the vegetable protein added ın the 
soap-bean juice, 16 is highly probable that other protems 
were usually present, sce in medieval times proteinuria 
would be expected among some of the numerous donors, 
and this would aid the precipitation of the steroid con- 
jJugates 

In nearly all the methods the process ends by a sub- 
lmation At first this seemed difficult to understand, 
but ım fact the urmary steroid sex-hormones do sublime 
unchanged in air between about 140° C and 280° ©, 
there being considerable differences in sublimation tem- 
perature between them! The description of the sub- 
limation vessels m the texts 1s quite clear and unmuis- 
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takable Small earthenware pots were used with carefully 
luted covers, and great attention was paid to the degree 
and duration of heatmg Chmese alchemists had been 
perfecting sublimation and distillation techniques since 
the second century BC , the 1atro-chemists could there- 
fore now prepare a rather purified mixture, as ıs indicated 
by the descriptions of the material as white, crystallme, 
ghttermg and lustrous or pearly hke translucent jade 

Finally, the sublimate was often emulsified with milk fat 

Of course the end-products were complex mixtures of 
many different compounds, depending on the fractiona- 
tion procedures used and on the original source material, 
but thew pharmaceutical efficacy 1s vouched for by the 
descriptions of the conditions for which they were pre- 
scribed. 

The six methods mentioned date from the eleventh to 
the sixteenth centuries A D , and are preserved in Chapter 
52 of the great Pharmacopeia of 1596 (Pén T'shao Kang 
Mu) by Lı Smh-Chen from books no longer extant, or 
extremely rare. The oldest ıs the Ching Yen Fang (Tred 
and Tested Preseriptions) by Chang Shéng-Tao, dating 
from 1025, and quoted already in the Chéng Ler Pén 
Tshao of 1249 Then from the early years of the twelfth 
century AD we have two further descriptions ın the 
Shur Yun Lu (Water and Clouds Record), written by a 
famous scholar, Yeh Méng-Té (1077-1148) Another book 
of the same period, the So Sur Lu, by an unknown author, 
theorizes about these preparations The rest are in three 
books of the Ming period If one asks how these medieval 
1atro-chemusts could have been led to thew urmary pre- 
parations, the answer surely 1s that classical Chinese 
medical and physiological theory envisaged a constant 
interaction among the organs ofthe body mediated through 
the circulating blood Since the urine was considered as 
“of the same category as” (thung ler) the blood, then the 
virtues emanating from the organs might perhaps be 
found m it also 

The full material will appear m Medical History For 
helpful discussions 1n its evaluation we thank Dr Roger 
Short, Prof H Breuer and Dr Hal Dixon 


1 Klin Wochenschr , 8, 1322 (1927) 

*See Needham and Lu, J Hist Med and Alhed Sev ,17, 429 (1962) (abridged 
in Health Educ J , 17, 170, 1959) 

3 Ber deutech Chem Gesellech , 42, 238 (1909) 

* Breuer, H , and Kassau, E , Proc First Intern Congr Endocrin , Sect 11d, 
No 561, Copenhagen (1960) Kassau, E, Deutsche Apotheker Zeutung, 
100, 1102 (1960) 
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Dr. William C. Hayes 


Dr WILLIAM CHRISTOPHER HAYES, curator smcoe 1952 of 
the Egyptian Department ofthe U S Metropolitan Museum 
of Art, who died suddenly on July 10, was one of the out- 
standing Egyptologists of his generation, bemg equally 
celebrated as a historian, philologist ard archeologist 

He was born at Hempstead, Long Island, on March 21, 
1903, of an English father and of a mother who came of a 
prominent Philadelphia family He was educated at 
St George’s School, Newport, where he won a medal for 
classics and graduated ın 1924 at Prmeceton University 
Here, two years later, he took his master’s degree, having 
won & Carnegie scholarship for the study of medieval 
and Byzantine art, an interest which ıs reflected in his 
early paper on an engraved glass bowl in the Vatican 
Library On being appomted to the staff of the Metro- 
politan Museum Egyptian Expedition in 1928, however, he 
henceforth devoted his talents to the study and elucidation 
of Anciert Egypt 

Hayes came comparatively late to his subject, and the 
only formal trainmg m Ancient Egyptian that he received 
was with Sur Alan Gardiner at Oxford, where on occasions 


he stayed on his way home after the season’s excavations 
Nevertheless, he produced ın 1935 his Royal Sarcophags 
of the XVIIIth Dynasty, a remarkable and unique work 
in which his early discipline as an art-historian as well as 
his Egyptological learning was brought to bear on the 
study of a whole group of monuments.- and succeeded 
among other things ın solving some long-standing problems 
concerning the history of the Dynasty This model 
publeation, for which he received a Ph D from Princeton, 
was the first of a number of books and articles all character- 
ized, by the impact of a well-balanced and clear-sighted 
judgment and written by a master of English prose His 
publication of a hieratic papyrus ın the Brooklyn Museum, 
which he assembled from many hundreds of fragments, 
showed how an unpromising text could be transformed 
in lus hands into a wealth of mformation on late Middle 
Kingdom social life and administration His most recent 
works were four fascicles of the revised Cambridge 
Ancient History 

In Egypt he had largely been concerned with the recon- 
struction of the smashed statues of Queen Hatshepsut 
found by the Americans scattered in @ quarry near her 
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great temple at Deir el-Bahr and over a number of 
European museums He also, with Lansmg, excavated 
the tomb of the parents of Sennemut, but when the 
Expedition closed its operations m Egypt m 1936, he 
returned to New York as an assistant curator in the 
Metropohtan Museum He had spent much of his spare 
time messing about in boats off the New England coast, 
and when the U § called up reserves in 1941 he joined the 
Navy, rising to the rank of lheutenant-commander and 
being decorated for gallantry in the Pacific theatre of the 
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The Royal Society: Officers for 1964 


Ar the Anniversary Meeting held on November 30, Sir 
Howard Florey, provost of the Queen’s College, Oxford, 
and formerly professor of pathology ın the University of 
Oxford, was re-elected president of the Royal Society. 

The other officers re-elected for the ensuing year were 
Treasurer, Lord Fleck, formerly chairman of Imperial 
Chemical Industries, Ltd , Physical Secretary, Sir William 
Hodge, Master of Pembroke College and Lowndean pro- 
fessor of astronomy and geometry m the University of 
Cambridge; Foreign Secretary, Sir Patrick Linstead, 
rector of the Imperial College of Science and Technology 
Prof A A Mules, director of the Lister Institute and 
professor of experimental pathology ın the University of 
London, was elected- biological secretary 

The other members of Council elected (or re-elected, 
marked *) were Prof P M S Blackett, professor of 
physics in the Imperial College of Science and Technology , 
Prof A R Clapham, professor of botany in the University 
of Sheffield, Prof A H Cottrell, Goldsmiths’ professor of 
metallurgy m the University of Cambridge, Prof C A. 
Coulson, Rouse Ball professor of mathematics im the 
University of Oxford, *Prof E F Gale, professor of 
chemical microbiology in the University of Cambridge, 
*Prof E L Hirst, Forbes professor of organic chemistry 
in the University of Edinburgh, Prof B Katz, professor 
of biophysics in University College (University of London), 
*Prof D Lewis, Quain professor of botany m University 
College (Umversity of London), Sir Bernard Lovell, pro- 
fessor of radio astronomy m the University of Manchester 
and director of the Nuffield Radio Astronomy Labora- 
tories, Jodrell Bank, *Dr P B Medawar, director of 
the National Institute for Medical Research, *Prof 
W T J. Morgan, deputy director of the Lister Institute 
and professor of biochemistry in the University of London, 
Prof A. B Pippard, John Humphrey Plummer professor 
of physics m the University of Cambridge, Prof J WS 
Pringle, Linacre professor of zoology in the University of 
Oxford; Sır Ewart Smith, formerly a deputy chairman 
of Imperial Chemical Industries, Ltd , Prof J H Taylor, 
professor of geology m Kimg’s College (University of 
London), *Dr H W Thompson, university reader m 
infra-red spectroscopy, Oxford 

(Publication of the presidential address and award of 
medals at the anniversary meeting of the Royal Society 
has been deferred until the issue of December 28 ) 


Chief of Electrical Instruments Section at the National 
Bureau of Standards: Mr F. L. Hermach 


Mr F L Hermacs# has been appointed chief of the 
Electrical Instruments Section ın the Electricity Division 
at the National Bureau of Standards, U S Department of 
Commerce Mr Hermach replaces Dr F M Defandorf, 
who died in August Born m Bridgeport, Connecticut, in 
1917, Mr Hermach has been with the Bureau smee 1939 
He received a BEE m 1943 from George Washington 
University In 1954, he was the recipient of the Com- 
merce Department’s Silver Medal for Meritorious Service 
for his contribution to the standardization of electrical 
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War He returned to the Museum in 1945 as associate 
curator. In 1959 he was appomted American representa- 
tive on the International Commuttee for the Preservation 
ofthe Nubian Monuments He has left awidow and two sons. 

A man of great integrity, quet strength and a penetrat- 
ing wit, Bill Hayes earned the respect and indeed the 
affection of all his colleagues on. both sides of the Atlantic 
The loss to Egyptology by his unexpected death with 
much of his work still in draft form 1s a grievous one 

C., ALDRED 


d VIEWS 


measurements in the development of a highly accurate 
transfer mstrument for measurements In that same 
year, Mr Hermach received a Superior Performance 
Award from the National Bureau of Standards As chief 
of the Electrical Instruments Section, Mr Hermach wil 
be concerned, with the dissemmation of values for ac and 
de standards for use m measurmg electric current, 
voltage, power, and energy from very low to very bigh 
values He will also be responsible for miscellaneous 
electrical measurements needed for engineermg purpases. 


Chemical Engineering at Monash University : 
Prof. O. E. Potter 


Dr O E POTTER, at present reader-m-charge of the 
Department of Chemical Engmeering at the University of 
Melbourne, has been appomted to the foundation chair 
of chemical engmeermg at Monash University After 
graduating with honours in applied science from Queens- 
land University, and completing a Master’s degree, Dr 
Potter proceeded on a Queensland Foundation travelling 
scholarship to University College, London, where he read 
history and philosophy of science Later he became a 
lecturer ın chemical engineering at the Manchester College 
of Science and Technology m the University of Manches- 
ter, where he also completed a PhD on a number of 
fundamental aspects of liquid-liquid reactions In 1960, 
Dr Potter was appomted reader-m-charge of the Depart- 
ment of Chemical Engmeermg m the University of 
Melbourne and head of the Department in the Royal 
Melbourne Institute of Technology At that time the 
Institute had a very limited staff, while there was no 
permanent University staff Through Dr Potter’s very 
considerable personal efforts, staff was obtained for both 
Departments, laboratories were vitalized and student 
numbers began to increase Postgraduate research was 
started, so that after only three years there are twelve 
full-time students for mgher degrees Dr Potter has 
wide research mterests in fluidization investigations, mass 
transfer phenomena and technical kmetics He has pub- 
lished a number of scientific papers in these fields and has 
contributed the section on technical kinetics m the 
Chemical Engineering Practice series 


Phystology in the University of Malaya, Kuala Lumpur: 
Prof G. Barber-Riley 


Dre. G Barser-Rizey, lecturer m physiology m the 
University of Cape Town and formerly lecturer ın physio- 
logy ın the University of Liverpool, has been appointed 
the firss professor of physiology m the University, of 
Malaya. Kuala Lumpur Dr Barber-Riley was born m 
1920 He was educated at Wallasey Grammar School. 
Between 1941 and 1946 he served with the RAFVR, 
holding the rank of warrant officer, with the duties of 
observer, and later navigator and wireless operator He 
made many sorties over Europe, meluding low-level 
fights m Mosquitoes After the War ho first studied in 
the University of Manchester (1946—48) and then became a 
medical student ın the University of Liverpool, graduating 
MB,ChB m 1958 He had imtercalated a year of 
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study for the B.Se honours degree ın physiology, which 
he obtained in 1955. He was an assistant lecturer in the 
Department of Physiology of the University of Liverpool 
during 1958-60, when he obtamed, the degree of M D. He 
was then appomted to the post of lecturer m physiology 
an the University of Cape Town He has published a 
number of papers, alone or m collaboration with others, 
mamly on elmical and experimental aspects of liver 
function 


University of Keele. 
Statistical Research Unit in Sociology 


Mr B De Vos has been appomted the first director 
of the new Research Unit ın Sociology of the University 
of Keele He will take up the appomtment from January 
1, 1964 Mr De Vos has been a director of the Gallup 
Poll for the past five years Hoe will remam a director of 
that organization As director of the Unit, he will be 
responsible for developing new sociological studies based 
primarily on sample survey techniques and also for 
reinforcing the strong links already existing between the 
different departments and disciplines at Keele Since 
its foundation in 1949, one of Keele’s special features has 
been the maimtenance of close lmks between different 
disciplines and the avoidance of over-specialization within 
departments Up until now, there has not been a separate 
Department of Sociology, although considerable emphasis 
has been placed on the sociological aspects of studies in 
the Departments of Economics,. Edueation, Geography 
and Politics The formation of the Research Unit has 
been made possible by a gift of £50,000 from the Nuffield 
Foundation The University is also respons:rble for running 
the Socrological Revew 


Transport Investigations at the Imperial College of 
Science and Technology 


THE Nuffield Foundation has granted £45,500 to the 
Imperial College of Science and Technology to enable 
Prof C Buchanan to continue the investigations on which 
he has recently been engaged m the Ministry of Transport 
Mr David Crompton and Mrs Ann MacEwen, who worked 
with Prof Buchanan in the Mimstry, have been appomted 
Research Fellows at the College The particular topics 
which it 1s proposed to study are American transportation 
survey methods, the use of cost-benefit analysis for urban 
roads and redevelopment projects, environmental stan- 
dards in relation to traffic, and alternative movement 
systems for urban areas The appomtment of Prof 
Buchanan to the newly established chau of transport 
tenable at the College was announced earher ın the year 
(Nature, 197, 1153, 1963) 


Transportation and Economic Growth 

A. BOOKLET being distributed by the Battelle Memorial 
Institute, entitled Can New Transportation Concepts Con- 
tribute to Economic Growth ?, directs attention to the 
lack of the integrated knowledge needed to answer some 
of the basic questions relating to the efficient and economic 
operation of transport facihties (Pp 8 Columbus, Ohio 
Battelle Memorial Institute, 1963) Solutions of such 
problems, it 1s argued, have frequently been designed to 
meet the immediate needs of specific and narrowly 
defined situations, and further research to gain knowledge 
of the mteractions of various parts of the complex would 
contribute substantially to economie growth 


International Bureau of Time Uniform Time and 

Constant Frequency for the Year 1964 

FotLtowmne the decision of the International Committee 
of Time at its meeting in Berkeley during August 1961, 
and the General Assembly of the Union Radioscientifique 
Internationale at 1ts meeting in London durmg September 
1960, and the plenary assembly of the Comité Consultatif 
International des Radiocommunications at Geneva durmg 
January-February 1963, the International Bureau of 
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Time consulted the observatories which have cesium 
atomic resonators and compared their astronomical 
observations It has now calculated the nommal value 
of the frequency to transmit during the year 1964 as 
—150x10-!* with regard to the scale of time such that 
the frequency of cesium has the value f(Cs)=9 192 631 
770 c/s The value indicated will not change during the 
course of 1964 The International Commuttee of Time, 
the Umon Radhoscientifique Internationale and the 
Comité Consultatif International des Radiocommunic¢a- 
tions recommend that the value of the frequency indicated 
by the International Bureau of Time should be utilized 
by all organizations wishing to transmit uniform time 
and constant frequency. 


Physical Review and Physical Review Letters 


In spite of the number of new periodicals that have 
been launched in recent years to deal with specialized 
branches of physics, editors stall find ıt difficult to satisfy 
the demand for additional space for the publication of 
papers submitted to them The Physical Review, which 
has until now been issued at fortmghtly mtervals but 
which has been considerably expanded durmg the past 
few years, 1s to become a weekly as from January 1964 
The fifty-two issues in the calendar year will each be 
dated on the Monday of the week of issue and will be 
divided into four volumes of thirteen issues each, with 
the thirteenth issue consisting of a comprehensive quar- 
terly index ‘The first twelve issues of a volume will be 
divided into two sections, A and B, of six issues each, 
appearmg alternately Section A” will be devoted to 
atoms, molecules and condensed matter, and Section B 
to the physics of nucle: and elementary particles The 
quarterly dex will be a combined one relatmg to both 
Sections A and B Subscriptions must cover both sections 
The cost to members of the American Physical Society 
will be increased by five dollars In a parallel move, 
Physical Review Letters will also be issued weekly and 
will consist annually of two volumes of twenty issues 
each There will be no division of subject-matter and 
there will be no mecrease in size or subseription 


Automata Theory and Information Retrieval 


THE expressed purpose of the survey, The Application 
of Automata Theory to Problems in Information Retrieval, 
by R A Kirsch, 1s to suggest certain topics m automata 
theory that may be explored so as to achieve further 
understanding of the information retrieval problem 
(National Bureau of Standards NBS Report 7882 Pp 
n+70 Washington,DC US Department of Commerce 
National Bureau of Standards, 1963) The hterature of 
automata theory 1s intimately connected with the study 
of machines, and in early literature the machines studied 
were intended to appear hfehike However, m the more 
1ecent literature the emphasis 13 on mformation pro- 
cessing, with many papers on the design of computor-lfe 
devices and switching cireurtts Papers dealing with the 
early approach and with the design of devices and 
switching circuits are excluded from the selected biblo- 
graphy given at the end of the survey Attention 1s 
directed more to the abstract area of automata theory 
On the subject of finite automata, lterature concerned 
with problems ın representing languages, rather than with 
studies of relations between finite state languages and 
the memory requirements or structural constramts which 
they umpose on the machmes which generate or recognize 
them, are listed m the bibliography Certain references 
to recursive function theory are included. im addition to 
some on mechanical theorem proving, especially those 
which make use of syntactic techniques and a technique 
based on the expansion theorem of Herbrand ‘The 
particular applications discussed ın the survey are 
information retrieval systems for processing natural 
language, dealing first with automata theory as a source 
of mechanisms for the desernption of Enghsh text; and 
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secondly, with automata theory for the deseription of 
other phenomena as languages, artificial languages in. 
information retrieval systems, including a brief con- 
sideration of the algorithmic language ALGOL, mference 
in information retrieval systems, and theoretical feasi- 
bility and complexity questions The bibhography 
consists of 321 items 


Research in Space Science 


SELECTED papers from the Special Reports m Space 
Science issued by the Astrophysical Observatory of the 
Smithsonian Institution during the years 1958-61 arə 
brought together m Smithsoman Contributions to Astro- 
physics, 6, Research in Space Sevence (Pp vu+242 
Washington, DC Government Prmting Office, 1963. 
2 dollars) The Smithsonian Astrophysical Observatory 
has been among the leaders ın several branches of space 
research—the optical trackmg of satellites, the determ- 
ination of orbits from observation, the use of these orbits 
for geophysical studies, the development of orbital theory, 
etc.—and the papers are, therefore, of considerable 
interest as a record of progress in these subjects Some 
of them are printed as they originally appeared (including 
one which was ın error and ıs corrected 15 pages later); 
but others have been revised in varying degrees The 
authors melude regular members of the Smithsoman 
Astrophysical Observatory, such as L G Jacchia and 
I G Izsak, and visitmg consultants, such as M Nicolet 
and Sir Harold Jeffreys This publication is supplemented 
by Smithsoman Contributions to Astrophysics, 8, No 1, 
‘Accurate Drag Determunations for Eight Artificial Satel- 
lates, Atmospheric Densities and Temperatures, by L G 
Jacchia and J Slowey (Pp 1+99 Washmgton, DC 
Government Printing Office, 1963 65 cents) In this 
report the rate of decrease of orbital period for eight 
satelites durmg the years 1958-61 ıs evaluated from 
field-reduced observations with Baker-—Nunn cameras, 
and the upper-atmosphere densities and temperatures 
are then determined The report ıs notable for its accuracy 
and wealth of detail, the variations m density and təm- 
peratures at heights of 300-700 km, both short-term and 
year-by-year, bemg fully displayed. 


Chesapeake Bay Bridge~Tunnel 


Some facts about the nearly completed bridge and 
tunnel crossing from Wise Pomt, Va, to the Virgmia 
shore 15 miles from downtown Norfolk are of inte1est to 
Britam and France m view of the controversy that has 
raged over the possibility of bridging the English Channel, 
as opposed to a tunnel lnk under the Straits of Dover 
This project overcomes the last and most formidable 
obstacle on the 998-mile Ocean Highway between New 
York and Florida It 1s acclaimed not only as one of the 
world’s modern engineermg wonders but also as“ man’s 
longest span across navigable ocean water’ ‘The stream 
of seagoing traffic will maugurate a spectacular 17 6-mile 
system of trestles, man-made islands and tunnels that 
draws the boundary between the Atlantic Ocean and 
Chesapeake Bay”. More than two-thirds of this Highway 
is 30 ft above water, elevated on 2,600 concrete legs, 
each 54 m in diameter and embedded 100 ft into the 
sea-floor The structure 1s designed to withstand hurricane 
winds, a 10-ft mse in sea-level, and even 14 5-ft ocean 
swells The tunnel sections account for two miles of the 
total span, one being 5,450 ft long under the Chesapeake 
Channel, the other 5,738 ft under Thimble Shoa]—both 
are main shippmg channels Each tunnel, stated to be 
as wide and gh as a three-storey building, was pre- 
fabricated, floated to site, then encased m concrete and 
sunk end-to-end m deep trenches excavated under the 
shipping lanes The vital statistics of this bridge—tunnel 
are that ıt took 1,000 men 35 years to construct, used 
550,000 cubic yards of concrete, 55,000 tons of steel; 
34,000 carloads of rock, and more than 5 mullion cubic 
yards of sand-fill Another mteresting feature of the 
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design is the use of 14,700 elastic bearmg pads the size 
of “standard desk dictionaries” ‘“LLammated of neoprone 
synthetic rubber around steel plates .. the pads separate 
elevated 75-foot, 65-ton road sections from their supports. 
Thus they prevent concrete grinding and cracking caused 
by movement from thormal expansion and contraction or 
wind and water current”. An illustrated article entitled 
‘“Seagomg Roadway Rides on Rubber’, by H E Davis, 
pubhshed in the Du Pont Magazine (57, No 4, 13, July- 
August, 1963) and from which the foregomg data are taken, 
gives many other technical details of this remarkable 
achievement 


Antibodies 


Antibodies 18 the title of a recent issue of the Brush 
Medical Bulletin, which contains a series of authoritative 
articles by recognized experts each dealmg with a par- 
ticular aspect of the study of these substances (19, No 3, 
September 1963. Symposwum on Antibodies Pp 169- 
262+ 4 plates London The British Council, 1963 30s ) 
Concise papers on the nature of antigen-antibody re- 
action, sensitivity of methods of detecting antibodies, the 
Olation of antibodies, their chemical structure, y-globubn 
metabolism, factors affecting antibody response, origins 
of immunological competence, as well as the nature of 
antitoxims, reagins, and auto-antibodies are among topics 
meluded In the mtroduction, Prof A <A Miles, the 
chairman of the planning commuttee of Antibodies, reminds 
us that the story of antibodies began in 1890 with the 
demonstration by von Behring and Kitasato of the specific 
antitoxie property of the serum of animals some weeks 
after the injection of tetanus toxin Almost three-quarters 
of a century has passed since then, and during that time 
not only has detailed knowledge of the subject mereased 
enormously, but also we have a much deeper under- 
standing of the process of antibody production. The 
editors are to be congratulated on having compressed so 
much mto the space available and yet left us with a 
lucid and fascinating picture of present-day ideas on this 
important aspect of mmunology 


Archeology in Western New South Wales 


A. RECENT issue of the Records of the Ausiralian Museum 
contains an important article on “The Archxology of 
Mootwingee, Western New South Wales”, by F D 
McCarthy and N W G MacIntosh (Vol 25, No 13, 
December 3, 1962 Pp 249-298- plates 19-27 Sydney 
The Australian Museum, 1962) This describes the 
paintings and engravings which can be seen in two prin- 
cipal sites, called Main Gallery and Dingo Rock The 
existence of this art has been known for 100 years, and 
was probably discovered by a member of the Burke and 
Wills party m 1860 ‘The art consists of representations 
of humans, weapons and animals, and ıs considered m 
some cases to show ineidents in the life of the Aborigines. 
The Dmgo Rock decorations are beheved to be at least 
300 years old, probably more, on the basis of the frac- 
turing and weathering of the rock following its engraving. 
The report attempts to mterpret some of the scenes and 
objects ın the ight of local information, while knowledge 
of the technique of the engravings has been lost, certaim 
groups can to-day be explamed as portrayals of Aboriginal 
myths In the same area, a series of pamted rock shelters 
were recorded, and excavations made of certain of their 
floor deposits In no case can the stone implements 
recovered be related to the series of pamtings, and it 
seems probable that occupation of these shelters ceased 
well before the decoration was made 


Paul Instrument Fund Grants 


Tue Paul Instrument Fund Committee has mado grants 
as follows £12,800 to A H W Beck, lecturer in engin- 
eermg, University of Cambmdge, for the construction 
of apparatus for the amplification and generation of 
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extremely high frequoncy electromagnetic waves (below 
1mm), £2,630 to Dr B V Bowden, principal of the 
Manchester College of Science and Technology, for the 
continuation of work on the development of narrow pass 
band dye filters (for mght sky astronomical photography), 
£1,000, as a supplementary grant, to Dr S Evans, senor 
assistant m polar research, Univeisity of Cambiidge, for 
the development of an instrument for measurmg the 
depth of continental ice sheets by a radar technique, 
£1,870to Dr E T Hall, director of the research laboratory 
for archeology and the history of art, University of 
Oxford, for the development (a) of a fully transistorized 
differential flux-gate magnetometer, and (b) of a minia- 
turized flux-gate compass, £725, as a supplementary 
grant, to Dr D W HM, semor lecturer in physics, 
Research Department of Anesthetics, Royal College of 
Surgeons of England, for the construction of an infra-red 
gas or vapour analyser using interference filters, £5,250 
to Dr J V P Long, assistant director of research m, the 
Department of Mmeralogy and Petrology, University of 
Cambridge, for the development of an 10n-probe analyser 
for mass spectrometric measurements on selected muero- 
volumes of 1-20u diameter ın polished specimens of 
minerals and metals, £5,690 to Prof J Ring, Department 
of Applied Physics, University of Hull, for the construc- 
tion of apparatus for research mto the applecations of 
Moré fringes as analogue Fourier transformers, £2,300 
to Dr T H Whilmshurst, Department of Electronics, 
University of Southampton, for the construction of an 
electron spin resonance spectrometer for examining short- 
hved paramagnetic species produced by a pulsed hght 
source 

The Paul Instrument Fund Committee, composed of 
representatives of the Royal Society, the Institute of 
Physics and the Physical Society and the Institution of 
Electrical Engineers, was set up m 1945 “to receive 
appheations from British subjects who are research 
workers m Great Britain for grants for the design, con- 
struction and maintenance of novel, unusual or much 
improved types of physical mstruments and apparatus 
for investigations m pure or applied physical science” 


The Indian Botanical Society: Awards 


To commemorate the sixtieth birthday of Prof P 
Maheshwar, University of Delhi, the Indian Botanical 
Society presented him with an advance copy of the 
Maheshwar, Commemoration Volume m recognition of his 
work of exceptional meritfor the advancement of botanical 
research m India The Volume is a compilation of articles 
contributed by emment botanists from all over the world 
and represents almost all disciplines of botany It is 
expected that ıt will be publhshed m a month or so 

The Society awarded the Birbal Sahni Medal for 1962 
to Prof T S Sadasivan, Madras University, for organizing, 
promoting and fostering botanical studies ın India 
Prof Sadasivan is the sixth recipient of this award 


University News: London 


‘ Taes following titles have been conferred Professor, Dr 
J M Alexander (engmeermg plasticity), m respect of his 
post at the Imperial College of Science and Technology, 
Dr. T Barnard (micropaleontology), ın respect of his 
post at University College, Dr F. R Bell (experimental 
veterinary medicine), ın respect of his post at the Royal 
Vetermary College, Dr L P Mair (apphed anthropology), 
in respect of her post at the London School of Economies, 

r M J Seaton (physics), m respect of his post at 
University College Reader, Dr D E Barton (statisties), 
in respect of his post at University College, Mr H. 
Billett (mechanical engineering), ın respect of his post at 
University College, Dr W G Chaloner (botany), m 
respect of his post at University College, Dr R W 
Guillory (anatomy), ın respect of his post at University 
College, Dr K J Ives (civil and mumeipal engineermg), 


NATURE 


December 14, 1963 


in respect of his post at University College, Dr V.H T 
James (chemical endocrinology), ın respect of his post at 
St Mary’s Hospital Medical School, Dr C R Boddington 
Joyce (psycho-pharmacology), un respect of his post at 
the London Hospital Medical College, Mr O C J 
Lrppold (physiology), mn respect of his post at University 
College, Dr D H Martin (physics), m respect of his post 
at Queen Mary College, Dr D V W. Parke (biochem- 
istry), ın respect of his post at St Mary’s Hospital Medical 
School, Dr A F Seager (mmmeralogy), ın respect of his 
post at Birkbeck College, Dr D A Walker (botany), in 
respect of his post at Queen Mary College The following 
appointments to readerships have been made: Dr E M. 
Deuchar (embryology), tenable at University College, 
Dr B R Rabin (biochemistry), tenable at University 
College, Dr C W. Rees (organic chemistry), tenable at 
King’s College 
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Announcements 


Miss RACHEL Carson, author and ecologist, and Prof 
H Chfford Darby, professor of geography m University 
College, London, have been awarded the Cullum Geo- 
graphical Medal and the Charles P Daly Medal, respec- 
tively, by the American Geographical Society for their 
respective contributions in the fields of conservation and 
geography. Miss Carson, who 1s well known for her books, 
Silent Spring and The Sea Around Us, has heen affilated 
with the Marme Biological Laboratory, Woods Hole, 
Mass , since 1929 Prof Darby ıs known most widely for 
his work in historical geography, particularly for his book, 
The Domesday Geography of England, of which four 
volumes have so far been published, earlier this year he 
was awarded the Patron’s Medal of the Royal Geo- 
graphical Society He was president of the British 
Institute of Goographers in 1961 


Ar the tenth general assembly of the International 
Council of Scientific Unions held recently in Vienna, Dr 
H W ‘Thompson, of St John’s College, Oxford, and 
university reader in infra-red spectroscopy, was elected 
president of the Council for the next two years Prof D 
Blaskovic, vice-chairman of the Czechoslovak Academy 
of Sciences and director of the Academy’s Virological 
Institute, was elected secretary-general, and Ing Gen. G 
Laclavére, National Geographic Institute, France, was 
elected treasurer 


Tut Memous and Proceedings, 1962-63, of the Man- 
chester Literary and Philosophical Society (105 Pp 
128-+-xlx Manchester Manchester Literary and Philo- 
sophical Society, 1963 31s 6d) contam M W Thring’s 
Joule Memonal Lecture, “Can Machmes make Humans 
Happier *”’, and papers by E Mendoza on the history of 
the kinetic theory of gases, by F C Toy on universities, 
research associations and mdustry, and by S Toulmin on 
the discovery of tıme The volume also includes the annual 
report of the Couneul, and hsts of special lectures, members 
and members of Council 


Tue twelfth inter-university geological congress entitled 
“The Present ıs the Key to the Past’’ will be held in the 
University of Sheffield durmg December 15-18 Further 
information can be obtained from H G Dawes, Depart- 
ment of Geology, University of Sheffield, Mappin Street, 
Sheffield, 1 i 


A symposicm on “The Use of Redundancy in System 
Design”, arranged by the Systems Engmmeermg Section of 
the Society of Instrument Technology, will be held at the 
Northampton College of Advanced Technology on Feb- 
ruary 14 ‘Topics under discussion will melude automatic 
landing of aircraft, nuclear power systems, techniques of 
redundancy im logical circuits, reversionary modes m com- 
plex systems Further information can be obtamed from 
the Symposium Secretary, Society of Instrument Tech- 
nology, 20 Peel Street, London, W 8 
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BRITISH AID TO DEVELOPING COUNTRIES 


ID to Developing Couniries* outlines developments 
in Britain’s economic assistance to developing 
countries since the White Paper, Assstance from the 
United Kingdom for Overseas Development, was issued m 
March 1960 (see Nature, 186, 501, 1960), and describes 
briefly Britam’s present-day effort The total flow of 
resources from the mdustrialized nations of the Free 
World to the developmg countries 1s at present running 
at about £3,000 milhon a year, one-third of which consists 
of private investment Of the £2,000 million from pubhe 
funds, more than a half comes from the United States, 
the British Government has provided £1,367 milion since 
the end of the Second World War, and the present con- 
tribution 18 £148 million, compared with £151 million in 
1960-61 and £160 million in 1961-62, the decrease bemg 
due to the inability of overseas Governments to take full 
advantage in that year of the funds placed at their~dis- 
posal, particularly m the way of loans British private 
investment, mostly in the more developed countries of 
the Commonwealth, 1s running at about £300 million a 
year, but ıs tending to level off or decline. The British 
Government 1s participatmg m an examuimation, in the 
Development Assistance Commuttee of the Organization 
for Economie Co-operation and Development, of the 
feasibility and desirability of multilateral investment 
assurance Moreover, it 1s supportmg the proposal of the 
International Bank for Reconstruction and Development 
to set up a centre for conciliation and arbitration on 
investment disputes as well as an attempt to draw up a 
convention for protecting foreign mvestors 
Of the present annual expenditure on overseas aid, 
about one-sixth 1s spent on technical assistance, and only 
part of this 1s a direct charge on Britaim’s balance of 
payments Smee December 1962 something like £15 
millon of additional aid has been offered from surplus 
productive capacity Of bilateral aid totalling £138 
milhon ın 1962-63, £60 6 million was to Colonial territories 
and £623 millon to mdependent Commonwealth coun- 
tries, tho proportion of grants to loans bemg 2 1 for the 
former and 1 2 for the latter After summarizmg in 
some detail the distribution of capital aid, the White 
Paper summarizes the effort m technical assistance, more 
particularly since the first progress report of the Depart- 
ment of Technical Co-operation was issued m April 1962, 
and the White Paper on overseas recruitment policy in 
May 1962 Expenditure on technical assistance 1s estim- 
ated at £303 millon in 1963-64, or 25 per cent more 
than m 1961-62, about half this 1s for the Overseas 
Service Aid Scheme, m which 39 Governments now par- 
ticipate and some 15,400 officers are covered, 8,900 on 
permanent and pensionable terms In 1962 the Depart- 
ment of Technical Co-operation made 1,042 appomtments 
compared with 880 m 1961; another 187 appomtments 
were made through the British Council, and 408 through 
the Crown Agents 
Voluntary service is of growmg importance 296 
volunteers went out m 1962, 550 are gomg durmg 1963, 
and ıt 18 planned that 800 should go mn 1964, school- 
leavers numbered 262 m 1962, 300 in 1963, and 300 are 
planned for 1964, for graduates these figures are 36, 250 
and 500 Besides running the school-leavers scheme, 
Voluntary Service Overseas 1s sending more than half the 
volunteers under the graduate scheme About £17 million 
1s beg spent directly from public funds as British aid 


* HM. Treasury Ard to Developing Countres Pp. 51 (Omnd 2137) 
{London HMSO,1963) 38 net 


in education and traiming, apart from contributions to 
international agencies assisting ın this field In 1961-62 
659 fully qualified teachers left Britain for non-univeraity 
posts m developing Commonwealth countries and 87 non- 
university teachers were recruited for developing foreign 
countries, while recruitment has since mcreased On the 
advice of & Committee under Sir Charles Morris as 
chairman (see Nature, 198, 919, 1963), the Secretary for 
Technical Co-operation proposes durmg 1964 to make up 
to 25 special Commonwealth awards to emment British 
academic persons willing to serve for two or more years 
in universities in developmg Commonwealth countries, 
and the Inter-University Council contmues to find can- 
didates for more than 200 posts a year The British 
Institute of Management has been given a grant of £5,000 
for clearmg-house activities ın tramimg for management, 
and schemes for East Africa and for Asia are being 
prepared. 

Of more than 60,000 full-time overseas students at 
British universities, traimng colleges and other institu- 
tions, two-thirds are from the developmg countries These 
also represent a substantial contribution on Britam’s 
part to the educational development of these countries, 
and some £3 muon 1s expected to be spent in 1963-64 m 
this way by means of scholarships, fellowships and other 
awards for study in Britain The British Council 1s also 
admuustermg a Government grant of £3 milhon towards 
the cost of providmg additional residential places for 
overseas students 

On research the White Paper gives httle mformation. 
Part of the £215 millon provided through the Depart- 
ment of Technical Co-operation ın 1963-64 for research 
mito the economic and social problems of developing 
countries 18 devoted to the support m Britain of research 
institutes dealing with tropical problems, such as the 
Tropical Products Institute, the Anti-Locust Research 
Centre and the Tropical Divisions of the Road Research 
Laboratory and the Building Research Centre. Significant 
financial support 18 given to the Tropical Metabolism Unit 
of the Medical Research Council in Jamaica, to the Tropical 
Fish Culture Research Institute in Malaya and to various 
Regional Research Centres m the tropics, while the 
specialist advisory staff of the Department of Tech- 
nical Co-operation are constantly assistmg overseas 
Governments ın the investigation of particular 
problems No ieal idea of the scale or extent of 
the contribution to research can, however, be gained 
from the White Paper, but there 1s some further 
reference to assistance m the medical field, ın agriculture 
and mm surveys 

In medicine, the Government has accepted most of the 
recommendations of the Working Party under the chair- 
manship of Sir Arthur Porritt on medical aid to developmg 
countries (see Nature, 198, 719, 1963), meluding the 
creation of 25 postgraduate bursaries at British univer- 
sities and the establishment of 12 semor and 6 junior 
lectureships at the London and Liverpool Schools of 
Hygiene and Tropical Medicine In agriculture the 
Government has agreed to contribute £52,000 a year for 
three years towards the cost of the Graduate School of 
Tropical Agriculture m the University of the West Indies 
in Trinidad and will also provide up to 20 studentships a 
year for Bntish agricultural graduates to take this course 
ın preparation for overseas service Grants are also bemg 
made to expand facilities at the Royal Dick Veterinary 
College ın Edinburgh for traming in tropical vetermary 
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medicine and to the Commonwealth Forestry Institute at 
Oxford for a similar purpose Through the Directorate 
of Overseas (Geodetic and Topographical) Surveys, the 
Department of Technical Co-operation 1s providing the 
basic topographical mapping for more than 30 countries, 
and since 1949 one milhon square miles have been mapped 
The Directorate also undertakes the preparation of 
medium-scale maps required for mdividual development 
projects, and assistance is also provided m geology and 
related matters, including advice on the development of 
mineral resources and the recruitment and traming of 
geologists for employment overseas. 

The White Paper concludes with a brief review of 
Britain’s contribution to multilateral aid, cluding tech- 
nical assistance, which is given mainly through the 
International Bank for Reconstruction and Development, 
the International Development Association and the 
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International Fmance Corporation. To the United 
Nations Expanded Programme of Technical Assistance 
and the Special Fund, Britam contributed m 1963 
just more than £3 5 million, an increase of 25 per cent 
on 1962. In mid-1962 there were 431 British experts in 
the field under United Nations programmes—more than 
those of any other single nationality—and m 1962-63 
we provided study facilities for 751 fellowships financed 
by the United Nations Besides a current contribution of 
£350,000 to the United Nations International Children’s 
Emergency Fund, which has nov taken on functions in 
health, nutrition, education and family service, Britam 
contributes to the annual programme of aid to the 
developing members of the Organization for Economic 
Co-operation and Development, Britain’s proportion of 
the 1963 allocation of £657,000 bemg 163 per cent, 
through the general budget of the Organization  * 
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THE BRITISH BROADCASTING CORPORATION 


HE annual report for 1962-63 of the British Broad- 
casting Corporation * 1s concerned largely with the 

plans for the Corporation’s second television programme, 
which it 18 hoped to open in the London area in April 
1964 with some 25 h of broadcasting a week This should 
be extended to the Midlands about a year later and, 
by the end of 1966, about two-thirds of the population 
should be covered Equipment has been ordered, plans 
for the siting of new transmitters have been discussed 
with the Post Office and with the Independent Television 
Authority, and recruitment for the new service has been 
commenced The staff employed on March 31, 1963, 
numbered 17,930 full-tume and 1,010 part-time, compared 
with 17,125 and 887, respectively, on March 31, 1962 
the Ingher rate of recrutment and higher proportion of 
engineers to technical assistants noted last year ıs likely to 
continue during 1963-64 A number of the 170 engineers 
and 450 technical assistants and operators required for the 
new television programme have already been recruited 

Introduction of colour television 1s at present planned. 
for 1965, and, ın view of the desirability of the whole of 
Europe, if at all possible, working on the same system, the 
Corporation arranged a series of colour demonstrations in 
London ın July 1963 to which delegations from the 
European broadcasting organizations, imeluding the 
USSR and Eastern Europe, were mvited It is hoped 
that as a result of these and other demonstrations the 
European Broadcasting Union will be able to forward an 
agreed recommendation to the International Consultative 
Radio Committee in time for a final decimon on a 
European standard to be reached ın February or March 
1964 All the Corporation’s very-high-frequency trans- 
mutters will be equipped to transmit colour ‘There have 
also been discussions with other European broadcasting 
organizations in stereophony, but, while further experi- 
ments have been made, any decision on a regular service 
of stereophony m the United Kingdom 1s hkely to be 
some years distant 

The Corporation’s Television has been reorganized to 
meet the necds of a two-channel situation by -croating 
two new posts of Chef Controller, under the overall 
control of the Controller of Programmes The Post 
Office has set up a jomt working group with both the 
Corporation and the Independent Television Authority 
to consider engineering matters concerned with the 
problems of the move to ultra-high-frequencies, and the 
starting of a second programme on 625 hnes While the 


* Annual Report and Accounts of the British Broadcasting Co 
1962-63 Pp 188+16 photographs (Cmnd 2160) (London, 
1963 ) lle 6d net 


oration 
MSO, 


Corporation. regrets the Government’s postponement of 
a decision to introduce local sound broadcasting, for which 
there was strong support in local government and univer- 
sity circles, 16 welcomes the new opportunities opened up 
for educational programmes of all kinds An Adult 
Education Liaison Committee has been set up and a 
television series of adult education programmes was 
approved to start in the autumn of 1963 The Corpora- 
tion 18 prepared to 1un a special educational programme 
to supplement the more general programmes, if needed 
and if the necessary finance ıs forthcoming, but it 1s 
strongly opposed to the idea of a separate educational 
authority to run such a programme 

Concern, as to the financing of these developments con- 
tinues The report points out that unless the Government 
meets the situation created by its retention for a further 
six months of part of the proceeds of the £4 heence, a 
£6 leence will become necessary by April 1, 1965 In 
the meantime, some of the plans for expansion for which 
Government approval was given in June 1962 must be 
deferred Arrargements are being pressed ahead for 
providing separate television coverage for Wales, and the 
best means of fillmg gaps in the existing coverage in 
Scotland are being considered Some disappointment 1s 
expressed at the failure to make full use of the extensive 
very-high-frequency sound coverage sales of very-high- 
frequency sets are dechning, and the radio mdustry’s 
plans for dual-standard television sets do not include 
provision, for very-high-frequency sound 

On overseas broadcasting, the report observes that the 
year saw the thirtieth anniversary of the Corporation’s 
External Services, and while competition. 18 increasing the 
reputation of the Corporation remains high Since 1955, 
the number of radio sets ın the world has risen from 237 
muon to about 400 milhon, and, as last year, the Corpora- 
tion ranks fifth m output; the USSR, the Satelhte 
countries, the Voice of America and China, have increased 
thew lead and ın the same order Audience surveys have 
revealed that the Corporation’s programmes have particu- 
lar appeal to younger people half the lsteners m the 
USSR, where ages have been established are under 30, 
and two-thirds of those m France are under 20 Apart 
from the research and development in connexion with 
stereophonic broadcasting, the introduction of the 625- 
line standard and ultra-high-frequency, a continuous 
programme of work 1s in progress m connexion with long- 
distance propagation, which hears on the problems ar:sing 
when transmitters m different parts of Britain and in the 
neighbow mg countries of Ewropo operate m the same or 
adjacent frequency channels 
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Further mformation on future developments is given m 
No 17 of The BBC Record (February 1963), which 
emphasizes the value of the two television services 
Moreover, ıt outlines the first year’s proposals for adult 
education m television, and in the Sixth Bishop Bell 
Memorial Lecture, “Futuro Prospects in Broadcasting’, 
delivered by H Carleton Greene, the director-general of the 
Corporation, on April 30, and now published as a pamph- 
let, Mr Greene stresses the complementary functions 
of the Corporation and the importance of concerning 
itself with the whole of the national hfe, with mass inter- 
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ests and with minouty mtorests He suggests that if 
broadcasting planners do their jobs properly they can 
create and stimulate cultural and educational demands 
as well as meet them He directs attention to the 
use of television programmes in teaching and to the 
introduction of experimental programmes for use im 
technical colleges and colleges of further education 
Furthermore, he urges that ıt would not be right to 
make an educational channel a charge on licence revenue 
it should receive a separate grant-in-aid, as do tho 
External Services. 


SOILS AND LAND USE IN NORTH WALES 


SURVEY of the soils of North Wales was started by 
the late Prof G.W Robinson and his colleagues, who 
published several reports and maps in the Welsh Journal 
of Agriculture. The work has been completed recently 
with a memoir, and accompanymg maps, which covers an 
ares of 240 sq mules, stretching from Pentraeth, in Eastern 
Anglesey, and Llandudno m the north to Waenfawr and 
Bettws-y-Coed in the south* The Conway valley and 
most of the high land of Snowdonia, are included 
The climate 1s maritime and 1ts most umportant influ- 
ence in 801l development is the rainfall, which increases 
steeply from some 30 ım on the coast to 120 in on the 
mountains in the south. The parent materials of the souls 
include acid and basic igneous rocks, schist and shale 
and their derived dnfts, non-caleareous clay and lme- 
atone, peat and various mixed drifts from igneous and 
sedimentary rocks The soil mapping and classification 
follow the custom of the Soil Survey and profile description. 
includes information on site, drainage, parent material, 
horizons, colour, texture and structure Sous of five 
major soil groups have been recognized, namely, brown 
earths, calcareous, gley, podzohzed and organic souls, but 
there 1s also a considerable area of immature soils occurring 
on youthful sands and alluvium Each ıs descnbed and 
sub-divided into sub-groups and soil series, and agam 


* Agricultural Research Council Memoirs of the Soil Survey of Great 
Britain—England and Wales The Sows and Tand Use of the District Around 
Bangor and Beaumaris (Sheets 94 and 106) By D F. Ball Pp 1x+182+13 


plates. (London H.M 5O ,1968) 35s net 


grouped into lowland, marginal and mountain soil zones 

The larger part of the memoir ıs naturally taken up with 
detailed descriptions of the s01) series and with appendixes 
on particular profiles and analytical data, but there ıs a 
chapter on land use, compiled with the assistance of G 
Edwards, H E Roberts and W A Lindsay-Smith This 
opens with a historical review of the area from the time 
of the disappearance of the valley glaciers, with inferences 
to be drawn from studies on pollen grains and dating by 
radioactive carbon, on changes in climate, flora and 
human settlement Recent agricultural statistics show 
the variation ın size of holdings and the changes m crops 
and livestock between 1935 and 1955 An mterestmg 
aspect ıs the contmuous rise m sheep production, but 
there has also been a pattern of technical improvement 
and change in farm economy to meet the seasonal fluctua- 
tions in demand This 1s discussed ın 1elation to the five 
regions of the area There are about 12,000 acres of wood- 
land, about half planted by the Forestry Commussion— 
largely conifer high forest Many factors, of course, 
determine tree growth, but ıt seems clear that goo. oak 
and elm are to be found on freely drained slopes of soils 
derived from mixed drift although falling short of conifers 
in yield production 

Numerous figures and tables are of great assistance m 
assimilating the information presented, and several 
excellent photographs illustrate the outstanding features 
of the area in question A. M SMEH 


COMPARATIVE BIOCHEMISTRY OF THE LEGUMINOSAE 


A SYMPOSIUM on “The Comparative Biochemistry 
of the Leguminosae”, organized by the Plant 
Phenohes Group, was held at the John Innes Institute, 
Bayfordbury, Hertford, durmg September 10-11 The 
aim, of the meeting was to bring together workers ın diverse 
scientific fields but sharmg a common interest in this 
group of plants The Leguminosae, which contains some 
550 genera and 12,000 species, is, nm economic importance, 
second only to the Grammeae, and members of the family 
contam a remarkably large number of interesting and 
unusual chemical constituents In his opening paper, 
N W Simmonds (John Innes Institute) 1eviewed the 
systematics of the family and summarized the many uses 
legumes are put to as foods, forages, timbers, gums, resins 
and tannins Dr R Cooper (Rothamsted Experimental 
Station), in dealing with root nodulation, pointed out that 
90 per cent of the fixed nitrogen in the world had come 
from legummous root nodules Hus review of the condi- 
tions required for successful nodulation by Rhizobium 
showed that many factors, including the occurrence of the 
correct host-symbiont specificities and the presence of the 
right kind of polysaccharide in the hostroots, wereinvolved 


Chemistry may well be, in the future, of considerable 
value to the systematists dealmg with legumes Its 
present contribution 1s shght, mamly because very few 
taxa have been thoroughly surveyed chemically Dr 
R E Alston and his colleagues in the University of Texas 
are therefore concentrating their efforts on a single genus, 
Baptısıa Dr Alston illustrated his talk on this genus 
with pictures of the phenolic spots obtamed on two 
dimensional chromatograms of leaf and flower extracts 
The patterns so obtamed can be used not only to distin- 
guish most of the eighteen or so species but also many 
of the interspecific hybrids Compounds which, at the 
moment, show more promise as taxonomic markers than 
the phenols are the free amino-acids Besides having the 
common protem amino-acids, legume seeds contain a 
range of unusual nmhydrm positive substances, such 
as canavanine, homoarginine, y-hydroxyhomoargmine and 
lathyrme Dr A E Bell (King’s College, London), in 
the next paper, showed that most species of Lathyrus 
could be divided into four groups, depending on therr 
characteristic amino-acid patterns, species of Vaca 
could be divided in a similar manner 
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Few systematic surveys of alkaloids have been carried 
out m the legumes, so that no taxonomic inferences can 
yet be drawn from their distribution However, three 
series of charactoristic bases (the qumolizidines, the 
pyrolhzidines and the Erythrina indoles) are present and, 
according to Dr. M F Grundon (University of Belfast), 
who provided the next paper, they could all arise from 
the same two precursors, A}!-piperideine and «-keto- 
glutaric acid, by sumilar biosynthetic pathways In the 
last paper on nitrogenous constituents, Dr D Boulter 
(University of Liverpool) described recent progress on 
the separation of legume protems By using acrylamude- 
gel electrophoresis, he had been able to separate the 
albumin fraction of the field pea into more than twenty 
_ distinct components 

The second day of the meeting was devoted to phenolic 
constituents One group of phenols, the isoflavonoids, 
occurs far more abundantly ın the Leguminosae than mn 
any other family, so that it was fitting that the first paper 
dealt with chemical studies on some recently discovered 
members of ths group Prof W D Olhs (University of 
Sheffield) provided a fascinating account of the use of 
nuclear magnetic resonance spectioscopy for elucidating 
the structures of the complex phenols present in Derris 
robusta, Piscidia erythrina and species of Dalbergia 
Dr H E Nursten (University of Leeds) then deser:bed the 
hydrolysable and condensed tannins present in such 
plants as Acacia melanoxylon and Robima pseudacacia 
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The legumes are an extiemely uch source of flavonoids 
with unusual substitution patterns, and Dr J B Harborne 
(John Innes Institute), ın the next paper, summarized the 
various structural types present He then referred to 
variability m glycosidic pattern, making the point that 
this sometimes showed correlation with systematics, as 
illustiated by surveys of the anthocyanins and flavonols of 
Lathyrus, Pisum and Viera Chromatographic patterns 
of phenolics in flower petals are also of interest at the 
variety level, Miss J J Corner and Dr D G Rowlands 
(Unilever, Bedford) have found that broad bean varieties 
can be divided into two groups on the basis of their 
flavonol content Beans are rich sources of oligosac- 
charides of the raffinose series, and Miss M Walters (Royal 
Holloway College, London), in the last paper, described 
work on the biosynthesis of raffinose from uridine diphos- 
phogalactose and sucrose in Vice faba 

The meeting ended with a summary of the chemical 
aspects by Dr E © Bate-Smith (Low Temperature 
Station, Cambridge) and of the taxonomic aspects by 
Dr B L Turner (University of Texas) There was much 
lively discussion of these and other papers presented at the 
symposium This was the first meeting of the Plant 
Phenolics Group to be held since the group decided to 
extend its scope to cover other plant constituents besides 
phenols, and 1ts success underlined the fact that there 1s a 
very real need in Britain for an organization broadly 
devoted to phytochemustry. J B HARBORNE 
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THE MOON'S PHOTOMETRIC FUNCTION 
By Dr ROBERT L. WILDEY 


Division of Geological Sciences, California Institute of Technology and Mount Wilson and 
Palomar Observatories, Carnegie Institution of Washington and 
California Institute of Technology 


N the general case, for a flat diffuse-reflecting surface of 
@ given normal albedo (ratio of true brightness to that 
expected from a non-absorbing Lambert scattering surface 
under the condition that the direction of Ulumination and 
observation are both perpendicular to the surface), the 
specification of surface brightness, B}, m umts of the 
power of the illuminator 1s obtamed with the knowledge 
of the three remaming degrees of freedom m the problem 
These are the azimuthal angle between the illummator 
and the observer, the angle of incidence, and the angle of 
observation, shown m Fig 1 as p, 2 and e respectively 
In the case of the Moon an equally valıd set of parameters 
would be the phase angle, «, the angle of elevation of the 
Sun, Ao, and the elevation angle of the Earth, Ao, which 
are also shown in Fig 1. 

It follows that all lunar photometric data, when plotted 
inithe four-dimensional space (By, «, Ao, Ae), should, 
within the observational error, define a ‘surface’? Any 
tendency to abnormally large scatter about a ‘surface’ 
in such a plot could be due only to a non-unique scattermg 
law (photometric function) for the lunar surface, or one 
which was ‘polarized’ The latter possibility would derive 
from an anisotropic surface, that 1s, the scattering law 
would not be mvariant to a rotational transformation of 
co-ordinates about the u axis, and one additional degree 
of freedom would be mtroduced 

That the Moon’s photometric function is farly unique 
is suggested by previous photographic photometry, 
however, that ray material 1s a somewhat better back- 
scatterer than most of the rest of the Moon 1s well known 

This article presents an additional simple observational 
test, ın the case of the ner slopes of crater rims, of the 
double assumption that (1) the general photometric 
function of the lunar surface applies to the mner walls of 
crater rims, (2) the functional form of the photometric 


function which has been fitted to previous photographic 
data 1s correct 

In a review paper, Mimnaert! has discussed compre- 
hensively the history of photometric observations of the 
Moon Except for photoelectric mvestigations of the 
integrated light (whole Moon), by Rougier? and Bullrich’, 
the most widely accepted observations have been by pure 
photographic photometry, the susceptibility to systematic 
error of which leaves their reputation open to question, 
regardless of the skill of the observers mvolved 

It has been universally concluded that the strongest 
source of variation of the brightness of a given lunar 
feature 1s the variation m phase angle, which conclusion 
is not seriously questionable It has also been concluded, 
however, that the form of the residual dependence on Ao 
and Ag ıs m the form of a dependence on A = f (a, Ao, 
Ag), and in particular that h 1s an angle defined locally 
on the lunar surface as the projection of angle e on the 
plane contaming the vectors pomting toward the Sun and 
the Earth hisshownin lig 1 This assumption follows 
from the conclusion by Minnaert! and Fessenkov‘ that, 
making allowances for differences m normal albedo, 
isophotes tend to comede with lunar meridians For a 
smooth spherical Moon, when the selenographic latitudes 
of the sub-solar and sub-Earth pomts are both zero, A 
equals the selenographic longitude of the particular pomt 
on the lunar surface Hence the name ‘brightness 
longitude’ for h, even though h will vary with local strike 
and dip, regardless of the constancy of selenographie 
co-ordinates 

Emer’ has determmed the Moon’s photometric function, 
assuming 1t to depend only on a and h, from the photo- 
graphic data of Fedoretz* The result ıs a function, which, 
for a given phase angle other than zero, 1s a monotonic 
function of k over the range grven 
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Fig 1 Diagram of angles orienting an element of lunar surface and 

the directions to the Sun and Earth. +18 the angle of Incidence, A Oe 

the elevation angle of the Sun, e, the angle of observation, Ag, the 

elevation angle of the Earth, a, the phase angle, and a, the azimuth 
difference between the Sun and Barth 


When such a photometric function 1s applied to the 
uluminated portion of the mner slope of a crater rem which 
18 casting & slight shadow on the crater floor, an mteresting 
sumple result is predicted If the vector pomted toward 
the Earth makes a small angle, o, with the vector which 
pomts directly away from the centre of the Moon (normal 
to the hypothetical lunar surface of a perfectly spherical 
Moon), then the brightest pomt on the mner slope of the 
crater rim should le nearly opposite the pomt on the rim 
which casts maximum shadow On the other hand, if o 
is large, and unless « 1s very small, the pomt casting 
maxımum shadow and the pomt of maximum brightness 
are connected by a lesser chord than a dia- 
meter As c approaches 7/2 the angular 
distance around the crater im through 
which the point of maximum brightness 
travels, from the point directly opposite 
maximum shadow, is given by cos-! (cotx 
cota), where x 1s like o except defined for the 
Sun, that is, the angle of imeidence with 
respect to the local gravitational vertical 
rather than the normal to the local terrain 
Notice that this maximum angular travel 1s 
always an obtuse angle for phase angles 
less than, 7/2 

We thus predict that shadowed craters at 
high latitudes should have their pomt of 
maximum brightness more nearly adjacent 
to the shadow, whereas craters near the 
equator should have shadow and maximum 
brightness on opposite sides There 1s a 
simple corollary which may be apphed to a 
random collection of reasonably good photo- 
graphs on which the resolution 1s good enough 
to make out some detail on the crater rims 
and for which the range of brightness there- 
on falls ım the monotonic portion of the 
H and D curve It 1s that, assuming all 
craters to be round, for shadowed craters 
which appear round and for those which 
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appear oval in which the shadow 1s symmetric about the 
minor axis of the oval, the rm pomt showmg maximum 
brightness should be opposite the rim point casting maxi- 
mum shadow, however, the greater the departure from 
both: these conditions, the closer together on the rim the 
points casting maximum shadow and showmg maximum 
brilhance tend to lie 

This criterion has been applied to a group of photographs 
of the Moon mecluding some printed from plates by Pease, 
some from the Moore—Chappel series, and some recent 
photographs taken by Herbig under extraordinary seeing 
conditions with the 120-m Luck reflector The results 
are shown in Fig 2 The outlines of many craters have 
been traced The hne passing through each trace has 
been drawn through. (1) the pomt of maximum bright- 
ness, (2) the contre of gravity of the shadow image 

Few extreme cases are shown, but nearly all those which 
should give shght departure from perfect bisection do, m 
weak support of an («, h) dependent photometric function 
if one were trying to substantiate an (a, 2) dependent 
photometric function one would look for a hne which 
definitely cuts across the mmor axis of the crater trace, 
but nevertheless appears nearly to bisect the crater, 
Crater 3 tends to show this slightly Crater 21 shows ıt a 
bit better and crater 30 1s a good example of such an 
exception. The present simple method should not be 
regarded as having established the photometric function 
of the exceptions noted, but 1t has quickly revealed them 
as apt candidates for special, more quantitative nvestiga- 
tion 

One might, out of behef that all lunar slopes are gentle, 
conclude that shadowed craters are necessarily so near the 
terminator that the photometric function in their viemity 
must have the hmiting form, f (a) cos 2, which Minnaert? 
has shown to be a corollary of the second law of thermo- 
dynamics and the observation that lunar lummance 
near the bright limb 1s nearly constant However, ıb has 
been shown”! that the slopes in question are by no means 
gentle enough for this criticism to be levied 

In conclusion, 1b seems reasonable to say that im the 
majority of cases where differences m the predictions of an 
(a, h) and (a, 2) dependent photometric function are small, 
the observations favour an (a, h) dependent function 
However, two exceptions are rather strong m ther 
deviations. Itis thus suggested that erther (1) most mnor 
crate: rms have an (a, A) dependent photometric function, 
while a few cases have (a, 2) dependence, or (2) all crater 
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Fig 2 ‘Traces of the projected outlimes of craters Dashed hnes pass through, (1) the 
centre of gravity of the mner shadow, (2) the pomt on the crater rim’s mner slope which 
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rims have a non-degenerate (a, 2, e) dependent photometric 
function which we do not yet know, or (3) perhaps only 
one or two cases showing fairly strong deviation from 
that predicted by an (a, k) dependence are significant and 
the more mmor departures represent the ‘noise-level’ of 
the present method The third possibility would be com- 
patible with the second possibility or vice versa of the 
first 
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USE OF GAS CHROMATOGRAPHY FOR THE DETECTION 
OF LIFE ON MARS 


By VANCE | OYAMA 


Life Detection Systems Branch, Exobiology Division, Ames Research Center, 
National Aeronautics and Space Administration, Moffett Field, California 


HE technique of gas chromatography as appled to 
the identification of pyrolysis products of biological 

material has been advanced earlier as a means of life 
detection on Mars}? Prelimmary investigations as sub- 
mitted here confirm in part the feasibility of this concept 

The prernise on which this concept ıs based originated 
from the fact that terrestrial hfe 1s an aggregate of car- 
bonaceous macromolecular structures as well as a lesser 
mass of monomeric organic substances, the latter arise 
as intermediates in the syntheses of the macromolecules or 
by-products of metabolic processes The proteims, poly- 
saccharides, and nucleic acids which represent macro- 
molecular structure are composed of basic building blocks 
such as the amino-acids, monosaccharides, lipids, purime 
and pyrimidine bases These constituent substances are 
distributed universally among livmg materials, and the 
essential components of the protoplasm of life require that 
critical proportions of these basic building blocks be 
maintaimed either by assimilation from the environment or 
manufactured by the organism 

The simple technique of thermal degradation has been 
applied to the analyses of chemical structure (The 
hterature 1s replete with references too numerous to 
iterate ) However, in a complex organic aggregate such 
as life, the pyrolysates from thermal degradation present a 
relatively difficult task of determmmg the origmal con- 
tributing structures Nevertheless, ıt ıs possible to 
present a chromatographic picture (such as has been 
described ın paper chromatography in the two-dimensional 
display of peptides for the elucidation of protem structure) 
which could similarly describe the presence of life 

Freshly isolated, but unidentified, micro-orgamsms were 
grown. in trypticase soy broth under aerobic conditions at 
30°C These were gathered durimg log phase of growth, 
washed with distilled water several times, and lyopmhzed 
to dryness 

A. single stram of micro-organism was used for determin- 
ing the optimum temperature of pyrolysis which would 
reveal the major amount of volatile components of thermal 
breakdown as determined by a hydrogen flame detection 
device from gas chromatography column separations 
Since orgame substances were of particular mterest, this 
type of detector, incorporated m the Perkm—Elmer model 
800, was used for this purpose 012m x 12ft column 
of 15 per cent ‘SH 30° on 60/80 mesh chromasorb W was 
maintamed isothermally at 200° C The flow of gas was 
80 ml /min 

The pyrolysis chamber was a stamless-steel loop attached 
on to a lnear 6-way valve, paired with another lnear 
valve, which permitted, mutially, evacuation of the 
sample loop, filling of the pyrolysis chamber with mert 
helium atmosphere, pyrolysis under closed system, and 
sweeping of the pyrolysis chamber into the flowmg gas 
system directed into the columns The valving and tubing 
between the pyrolysis chamber and column were main- 


tamed at 125° C durmg the course of analysis Mass of 
the components appearmg at the detector was measured 
by an Infotromes digital ‘readout’ system A weighed 
sample of material (10-200 yg) was funnelled into the 
sample loop and a heat pretreated fibre-glass cordage was 
inserted into the sample loop to prevent particulate 
matter from ente1ing the critical valvmg area A pai of 
heated nickel plates, the temperature of which was 
regulated by a temperature controller and held together 
by spring action, was slipped over the loop making direct 
thermal conductive contact with the stamless steel 
sample loop 

Pre-seiected periods of time for various temperatures 
were utilized to determine the efficacy of residence time 
and temperature to give the greatest number of products 
Fig 1 shows that the total mtegrated products sensed 
at the detector are a function of these two parameters 
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Fig 1 Comparative mass of volatile constituents formed at 4 tem- 
peratures for various times 
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Fig 2 Products formation from dried micro-organisms as a function of 
temperature and residence time In brackets, retention time of mte- 
grated product (sec), range, 3 samples 


No significant products are produced at teraperatures of 
300° C Exposure for 4-8 min will tend to decrease the 
total mass of substances Optimum temperature and 
residence time were 450° C or 500° C for 2mm It 1s not 
indicated, but to be noted, that the temperature within the 
stainless steel tubmg took approximately 45 sec to attam 
450° C 

Fig 2 shows that the volatile substances produced by 
thermal degradation tend ın turn to be degraded further 
Components of thermal degradation as determmed by 
retention tumes show peak production at various times , for 
example, a component of retention time 56-57 sec (upper- 
most curve) ıs produced maximally at 3 mm residence 
tıme for the specified temperature of 500°C The amount 
of product so produced will decrease as tyme of residence 18 
increased, It ıs to be assumed that synthesis of a thermal 
product ıs concurrently ın progress with its degradation. 
The accumulated products of thermal decomposition 
1epresent only the thermal product which is measurable 
at the stant that the vapours aie swept mto the column 
The figure also shows that certain products are decom- 
posed rapidly in time, while others reach a maximum at 
4 mm and appear to be stable at these temperatures 
Others, on the other hand, reach a maximum yield and 
degrade relatively slowly The figure shows the impor- 
tance of reproducmg the exact conditions of pyrolysis so 
that repeatability in terms of relative peak heights may 
be obtained 
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In order to ascertain as many of the products of thermal 
decomposition as 18 possible with a single system, a 0 010- 
im capillary column 300 ft long, coated with diethylene 
glycol succmate polyester, was temperature programmed 
for the analyses of some micro-organisms isolated from 
soils ‘Typical results are mdicated m Fig 34 It can be 
seen that under these reproducible conditions durmg 
linear temperature programmmg, the chromatographic 
peaks descriptive of the retention products occur with a 
periodicity common to all the organisms There are 
differences ın peak-height relative to adjacent peaks, but 
the chromatograms mdicate that thermal decomposition 
products of micro-organisms can be displayed in a fashion 
to show equivalence The relative peak-heights ın each 
separate chromatogram show differences and may indicate 
differences in the relative amounts of precursor organic 
substance 





Fig 3 Comparative chromatograms of (A) three isolated sorl mucro- 
organisms, (B) of crystalline bovine albumin 


Fig 3B shows the pyrolysate chromatogram of crystal- 
line bovine albumin under sumilar conditions It is to be 
noted that simular patterns corresponding to early appear- 
mg chromatographic retention times of the mucro- 
organisms are reproduced Its not altogether surprising, 
considering the original premise, to find simular patterns 
from protems whether they be of plant or animal origin. 

Further work is m progress to determine what these 
pyrolysate products are, the determmation of what 
precursor organic substances are involved, as well as 
comparative chromatograms of mucro-organisms as an 
approach to taxonomic differentiation 

I thank Mr George Hotz for his contribution toward 
the design of the lmear valvimg, as well as the pyrolysis 
heater systems, and Mr Frank Morrell: for his contribution 
of microbial inoculation sources 

Work was sponsored under N A, 8 A. Contract NAS- 
100 at the Jet Propulsion Laboratory, California Institute 
of Technology 
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POLYPHASE FOLDING IN THE CALEDONIDES SOUTH OF THE 
SCOTTISH HIGHLANDS 


By D. G. HELM, B. ROBERTS and Dr. A. SIMPSON 
Department of Geology, Birkbeck College, University of London 


HE high degree of structural complexity displayed 

by the Highland schists has long been known Since 
the brilhant observations by © T Clough! in Cowal 
and the classic investigations by Su Edward Bailey in 
the south-west and central Highlands, ıt has been apparent 
that the Caledonian architecture of this terram has resulted 
from the impress of several, successive phases of orogenic 
movement 

Durmg the past decade, detailed work by many 
workers*-® in various parts of the Mome and Dalradian 
Serres has served to emphasize the polyphase nature 
of their Caledonian tectonics Early acute or isochnal 
fiexures, often recumbent, have been. re-folded on all scales 
by later generations of folds, usually with a more open pro- 
file, resulting from subsequent orogenic pulses Each fold- 
system is generally accompanied by the development of 
a syngenetic, axial-plane fohation In the earliest acute 
to isochnal folds the latter has the character of a slaty 
cleavage or schistosity in pelte On this primary foliation 
are successively rmpressed the strain-slip cleavages which 
accompany the later generations of flexures This poly- 
phase sequence of folds and cleavages 1s not confined to 
the more highly metamorphosed strata but 1s equally 
well developed in the mudly altered Dalradian sediments 
of the Highland border and Loch Awe region 

In contrast to the lengthy tectonic chronology of 
repeated folding displayed m the Scottish Highlands, the 
considerable volume of literature dealmg with the re- 
mainder of the Caledonides to the south has suggested a 
much simpler orogenic programme In such regions of 
deformed Lower Paleozoic strata as the Southern Uplands, 
Lake District, Wales and south-east Ireland, only a single 
phase of severe Caledonian folding, aceompamed by an. 
axial-plane cleavage, has been deseribed This fold- 
system, and the related cleavage, 1s steeply inclmed with 
ə predommant Caledonoid trend The metamorphic 
alteration which accompanies the deformation of these 
fossiliferous strata 1s, of course, slight. 

More or less centrally placed ın the Irish Sea region, 
and surrounded by the above spreads of Lower Paleozoic 
strata, les the Isle of Man possessing as its geological 
foundation the thick Cambrian pile of the Manx Slate 
Series Within these strata Simpson’ has recently demon- 
strated the existence of Caledonian polyphase tectonics 
which attain a scale and complexity comparable with parts 
of the Scottish Highlands Three distinct phases of 
tectonic movement (F, Fa, F) each formed large-scale 
folds, a suite of congruous minor flexures and an axial- 
plane cleavage (S;, Sa Sa) The major and mmor struc- 
tures formed during the later phases deform those which 
originated earlier 

The F, folds are acute in profile and the accompanying 
Sı 18 a flow or slaty cleavage ın pelte The early axial 
planes and S, are steeply inclined with a Caledonoid trend 
and for the most part the flexures plunge to the north- 
eastern and south-western quarters The later F, and 
F, folds possess a more open, right-angled style and the 
accompanying S, and S, are stram-shp cleavages which 
were successively mpressed on the complex pile The 
F, flexures usually display Caledonoid plunges, their 
axial planes and S, are characteristically flat-lving or 
gently melined The axial planes of the F, folds and 
S, dip steeply to the north-eastern quarter, these latest 


plications always plunge steeply Large-scale Caledonoid 
flexures of F, and F, age embrace the whole Island 

Followimg the recognition by Simpson of Caledonian 
polyphase folding and cleavage m the Isle of Man, re- 
search by us in the Lake District and North Wales has 
shown. that comparable deformation 1s also developed in 
Lower Palzozoie strata of the mamland 

North Wales Throughout North Wales the predomin- 
ant fold-system resulting from the Caledoman orogeny 
possesses steep axial planes and 1s accompanied by a 
syngenetic axial-plane cleavage In his tectonic summary 
of North Wales, Shackleton® has emphasized that, while 
displaying some variation im orientation, these structures 
are generally steeply meclined towards the north or west 
This southerly-to-easterly vergence of the cleavage and 
the parent folds reflects the direction of translation of 
the higher layers in the sedimentary pilo relative to those 
below during the formation of the fold-system The 
intensity of these structures 1s greatest in the north-west 
towards Anglesey, towards Shropshire in the south-east 
the degree of deformation decreases 

During a voleanological examination of the Caradocian 
ignimbrite sequence in the Llwyd Mawr plateau, south- 
east Caernarvonshire, ıb became apparent to Roberts 
that the associated sediments occasionally show the 
impress of more than one phase of Caledonian deformation 
In this area, as elsewhere in North Wales, the dommant, 
earhest (F) folds are steeply melimed to the north-western 
quarter and the accompanying axial-plane cleavage (S,) 
usually has the character of a flow cleavage in pelte 

Sporadically, however, two subsequent gonerations of 
more open flexures (F, and F) deform the earher S, and 
are accompanied by axial-plane strain-slip cleavages 
(S and 8,) The F, folds display a low Caledonoid plunge 
and their axial planes, together with the related §,, possess 
a gentle inclination, usually to the south-east The 
axial planes of the later F, folds, and the accompanying 
S;, dip steeply to the east-north-east and the flexures 
possess a steep to vertical plunge trending at 300°-320° 

The F, and F, folds are only mildly and sporadically 
developed in the Llwyd Mawr area They are meso- 
scopic structures usually only a few mches across, though 
larger F, flexures with amplitudes up to 3 ft have been 
observed, on the western slenes of Mynydd Tal-y-mignedd 
The later structures tend to be confined to pehte For 
example, they have been observed m Cambrian (Ffestimiog) 
slates, m the Maesgwm Slates (Llanvirn) and mn the Pen- 
nant Slates of Cwm Pennant (? Arenig) 

Observations made by Roberts and Simpson at many 
other widespread localities in North Wales have shown 
that, while the steep F, foldmg and cleavage (S,) remain 
pre-eminently responsible for the deformation of the 
Lower Paleozoic strata, the later F, and F, structures are 
sporadically developed in numerous places within Caernar- 
vonshire and Denbighshire 

Consideration of the available evidence suggests that 
the sporadic F, folding ın North Wales forms only a 
ramor element of the Caledoman architecture and does 
not assume major proportions The existence of large- 
scale F', folds would be reflected in the existence of broad 
Caledonoid, belts, measured m mules across, within which 
S, would display a rotation through the vertical to a 
south-easterly inclination Such belts would represent 
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the short hmbs of major F, fold-pairs Throughout 
North Wales, as Shackleton® has emphasized, S, retains a 
predominant steep northerly to westerly dip and reversals 
of the type deseribed do not appear to be extensively 
developed 

A possible exception 1s m north Denbighshire, where 
Boswell® has recorded the occurrence of a ‘cleavage-fan’ 
m S, extending eastwards from the Conway valley to the 
Clwydian Range -Along a line lymg 6-13 miles from the 
coast S, passes rapidly through the vertical and assumes 
a southerly dip which 1s retained for several mues farther 
north It seems possible to us that this ‘fanning’ may be 
due to large-scale F, flexurmg, the question requires 
further investigation 

As has been pointed out by Shackleton’, one of the most 
obvious tectonic features ın North Wales 1s the arcuation 
through 90°, convex to the north-west, in the trend of 
S, and the parent fold-system This deflexion embraces 
the whole of North Wales It takes place round a north- 
west-south-east axial trace running from the Menai 
Strait to Long Mountam in Shropshire The only mter- 
ruption in the contmuity of this open hinge 1s a smuistral 
offset of several miles apparently due to transcurrent 
movement along the Bala fault which 1s clearly portrayed 
on Shackleton’s cleavage map! In the west (south Caer- 
narvonshire) and south-west (Harlech region) the Fi 
structures are aligned due north or a little east of north, 
to the north-east and east ın Denbighshire the trend has 
swung round to the east or a little south of east 

The arcuation is sharpest on the north side of the 
Berwyns and 1s clearly outlmed on the ‘ten-muile’ geological 
map by the deflexion of the various Lower Palzozoic 
formations and major F, fold axial traces For example, 
on entermg the deflexion, the core of the Llandderfel 
syncline (northward continuation of the Central Wales 
synchne) curves rapidly through 90° from its north- 
north-east trend and, contmumg as the Llangollen 
syncline, preserves a trend a little south of east until 1t 
plunges below the Lower Carbomferous escarpment 
Frve miles to the south-east, the complementary Berwyn 
anticlne undergoes a comparable mght-angled deflexion 
Farther north! the regional arcuation of the F, structures 
between south Caernarvonshire and Denbighshire 1s 
more gradual 

The regional deflexion of the Caledonian structural 
pattern ın North Wales has previously been mterpreted 
as an arcuation of the orogenic belt presumably formed_ 
at the same time as the dominant (F) fold-system 

Four miles south-west of Corwen, around Llandrillo, the 
deflexion of beddimg and S, through 90° occurs rapidly 
and can be followed out within a few miles We have 
recently examimed this tract, m the hinge of the arcuation, 
and have observed the presence of a strong S; m the slates 
which intersects and lneates both bedding and S, This 
strain-slip cleavage dips steeply to the north-eastern 
quarter and sts north-westerly trend ıs parallel to the 
axial trace of the regional arcuation m the earlier struc- 
tural elements ‘The F, lhneation and occasional small- 
scale, congruous F, crumples have a steep north-westerly 
plunge These F, structures tend to die out to the east 
and south-west away from the hinge of the arcuation and 
are clearly related to 1+ m omgm Farther north where 
the regional deflexion ıs more open, comparable F, 
structures are sporadically developed m Caernarvonshire 
and Denbighshire, but are especially noticeable around 
Conway, which also hes close to the crest of the 
defiexion 

We conclude that the regional arcuation of the Cale- 
donides ın North Wales was not developed synchronously 
with the severe F, movement-phase but outlines a large- 
scale floxure of F, age This North Wales antaform has a 
steep-to-vertical axial plane and 1ts north-westerly plunge 
18 reflected by the convexity of the arcuation 1t has pro- 
duced in the earlier structural elements Its style and 
orientation are identical to the related minor F, folds on 
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tts flanks and hinge S, has an axial-planar relationship 
to the parent flexure 

Tks style and disposition of the North Wales antiform 
are sumiuar to the several large-scale F, flexures recently 
described by Simpson’ in the Isle of Man In particular, 
the resemblance to the Sulby antiform, the largest of 
the Manx structures, 1s especially striking The latter 
embraces the‘northern part of the Isle of Man and causes 
an identical arcuation to the east or east-south-east in 
the Caledonoid tiend of the pre-existing linear and planar 
structures as its Welsh counterpart The upwarp of the 
core of the Caledonoid F, Isle of Man synelme by the 
Sulby antiform has caused a conspicuous plunge culmina- 
tion in the early structures 

The flexing of the F, Llandderfel—Llangollen syncline 
by the North Wales antiform has resulted m an identical 
reversal in the plunge of the early system Immediately 
west of the F, hinge the Llandderfel syneline has an over- 
all plunge to the south-west On the opposite flank of the 
antiform the Llangollen syncline retains an easterly 
plunge until ıt disappears below the overlying and un- 
conformable Carboniferous Limestone 

The Taconic (end-Ordovician) folding of the Lower 
Paleozoic sediments in Shropshire dies out rapidly to the 
north-west and, as Shackleton® had emphasized, the pro- 
nounced deformation by folding and cleavage m North 
Wales must be assigned to the late Silurian—early Devonian 
interval 

The observations made by us have shown that the 
orogenic chronology displayed by the Caledomides ın North 
Wales ıs more complex than previously envisaged Not 
merely one but three phases of folding, each accompanied 
by cleavage-generation, can be distingmshed This 
polyphase tectonic history can be summarized as follows 

(1) First movement-phase (f,) The F, fold-system, 
accompanied by the amal-plane S,, was formed The large- 
scale structures produced have been admirably described 
by Shackleton? The F, structures pervade the Lower 
Paleozoic pile from the Cambrian at the base to the high- 
est Ludlow (Dinas Bran) beds preserved im the core of the 
Llangollen synechine This was the most severe episode of 
Caledonian deformation in North Wales, though 1ts imprint 
gradually declines towards Shropshire 

We believe that the F, system originally possessed a 
Caledonoid (north-east-south-west) trend and a south- 
easterly vergence reflecting the direction of relative trans- 
lation of the higher layers ın the pile during folding 

(2) Second movement-phase (F,) The effect of this 
phase was relatively mild with the sporadic generation. of 
mesoscopic folds accompanied by the gently imchmed, 
axial-plane S, Major F, foldmg appears to be absent, 
though the ‘cleavage-fan’ in S, of north Denbighshire may 
represent F', flexuring on a larger scale —- 

(3) Third movement-phase (Ff,) Compression was 
applied to the folded pue along a Caledonoid line The 
large-scale North Wales antiform was produced as a 
cross-fold together with the sporadic generation of con- 
gruous minor F, folds and the steop axial-plane S, 
From thor pre-existing Caledonoid (north-east—-south- 
west) trend, the earlier structural elements (predommantly 
F.) were flexed by the antiform into the conspicuous 
arcuation which 3s so obvious over the whole of North 
Wales The North Wales antiform ıs by far tho largest 
F, flexure recognized by us so far m the Insh Sea 
region 

Lake Destrect A structural mvestigation bemg carried 
out by Simpson m the main tract of the Sliddaw Slate 
Series has shown the polyphase nature of the Caledonian 
deformation to which these Aremg sediments have been 
subjected The sequence of structures impressed 1s 
identical to that already described’ ın the Isle of Man 
The same three episodes (Fi, Fa, 23) can easly be dis- 
timguished and the successive generations of mesoscopic 
structures are similar in style and orientation to then 
Manx contemporaries 
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The earhest F, folds are acute and display a Caledonoid 
trend, their axial planes, and the accompanymmg Sı are 
steeply inclined Two subsequent pulses of movement 
produced the more open, right-angled F, and F, fold- 
systems with thew ielated axial-plane strain-shp cleav- 
ages ‘The F, structures retam their characteristic flat- 
lymg to gently mclmed disposition and Caledonoid axial 
plunges The F, flexures form a suite of cross-folds, their 
axial planes, and accompanying S;, dip steeply to the 
north-eastern quarter 

This sequence of repeated folding and cleavage-forma- 
tion 18 clearly evident throughout the broad expanse of 
the Skiddaw Slates, though the phenomenon has received 
no mention m the previous hterature For example, the 
superimposition of F, Fa» and F, structures can be 
clearly seen in the crags above Whinlatter Pass and on the 
flanks of Skiddaw itself 

In the south-western corner of the Lake Distiict the 
Skiddaw Slates crop out from below the overlyimg Borrow- 
dale Volcanic Series to form a large inher centred on the 
mountam of Black Combe In the course of a detailed 
stratigraphical and stiuctural study of these strata, 
Helm has also recognized a comparable tmpartite (Fa, Fa 
F,) progamme of Caledonian deformation In addition 
he has shown that the Caledonian architecture of Black 
Combe differs ın certam. respects from that displayed m 
the main Skiddaw outcrop twenty miles farther north 

The trend of the steep F, folds, and related S,, 1s north- 
south and their original attitude was vertical Moreover, 
the F, flexures are usually more acute, their lumbs enclos- 
ing an angle of 40°-60° The strong axial-plane S, dips 
consistently at 20°-40° north-west m. contrast to the rather 
vauiable azimuth of this gentle structure farther north 
As a result of the pre-existing northerly gram of the Ff, 
system, the F, folds and second linear structures plunge 
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at 30°-40° to the north-western quarter Minor F, folds, 
and accompanying S;, deform the structures of the earlier 
movement-phases and retam the usual steep north- 
easterly disposition 

Conclusion, It will be clear from the foregoing account 
of our observations in the Isle of Man, North Wales and 
the Lake District that the Caledonian tectonic chronology 
of these areas 1s more complex than previous workers have 
envisaged The detailed results of ou: work on the mam- 
land will be published later The purpose of the present 
contribution is to emphasize that polyphase Caledonian 
folding with its accompanying sequence of superimposed 
cleavages 1s by no means confined to the metamorphic 
terram of the Scottish Highlands forming the northern 
part of the Caledonides It seems mevitable to us that 
subsequent research will reveal a comparable sequence of 
folding and cleavage in other parts of the Irish Sea region 

It may be emphasized that in each of the three areas we 
have examined the sequence of movement-phases, together 
with the style and onentation of the resultant structures, 
is similar Acute, steep foldmg (F) with a Caledonoid 
trend (locally veermg to the north m Black Combe) 
forms a tectonic basis which 1s successively deformed by 
more open flexures round gently inclined, Caledonoid axial 
planes (f,) and by steep cross-flexuring (F) with a 
north-westerly trend 
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EFFECT OF SMALL PROTRUSIONS ON MASS TRANSPORT TO A 
ROTATING-DISK ELECTRODE 


By G. T. ROGERS and K. J TAYLOR 


Isotope Research Division, Wantage Research Laboratory, U.K Atomic Energy Authority 


HE rotating-disk electrode 1s mcreasingly being used 
to examime electrode reactions at known rates of 
transport of 1eactants to the electrode surface. An esson- 
tial result of Levich’s! theoretical treatment of transport 
to the electrode 1s that, for a reaction where the rate is 
purely transport-controlled, reaction conditions are 
uniform over the area of the disk Several workers, when 
using the electrode to study metal deposition? and dis- 
solution’-* reactions, have found spiral patterns on then 
disks The presence of these patterns shows that, m 
practice, conditions may not be uniform over the disk 
The causes of spirals and their effects on the rate of trans- 
port of reactants to the electrode surface are therefore of 
interest This article describes an investigation of these 
aspects of spiral patterns in a study of metal deposition 
on disks used at Reynolds numbers of about 104 The 
results indicate that the spirals are traces of the wakes 
behind small protrusions, such as burrs or gas bubbles, on 
the disk There is no evidence of boundary layer separa- 
tion or vortex formation in the wakes The formation of 
vortices would result ın rates of transport greater than 
those calculated fiom the Levich theory Experiments on 
the transport-controlled reduction of coumarin durung 
nickel electrodeposition have shown that the overall rate 
of transport to a disk with many spirals did not differ 
significantly from the 1ate to a disk which showed no 
spirals 
Spirals produced by hydrogen evolution A rotating 
disk electrode has been used to study the effects of 


coumaiin on the electrodoposition of nickel’. Deposits 
plated from a Watits-type nickel plating solution, which 
contams no coumarin, had a uniform matt appearance 
Deposits plated under identical conditions, but from 
Watts’s solution contammg coumarm showed spiral 
patterns on the electrode Fig 1 shows a typical pattern 
These patterns were made up from fully bright, darker 
areas, and hazy areas of deposit superimposed on a slight 
pattern in relef There was a minute hole ın the deposit 
at the origm of each spiral and a microscopic defect in tho 
original disk surface at each origin Coulomb balances 
for the cathodic reactions showed that coumarm markedly 
increased the amount of hydrogen evolved With coum- 
arin present bubbles of hydrogen could be seen to be 
flung off the disk durmg deposition No bubbles could be 
seen duiing deposition without coumarin Coumarim thus 
appears to favour the evolution of hydrogen from defects 
in the surface As the spirals are formed under conditions 
where the rate of coumarm reduction 1s transport-con- 
trolled they reflect local changes in the transport rate to 
the electrode The appearance of the spirals suggested 
that they might be traces of the wakes of hydrogen 
bubbles growing at these poimts, the bubbles actmg as 
protrusions attached to the disk To test this the patterns 
produced by known protrusions have been mvestigated, 

Spirals produced by burrs Nickel sheet was found to 
contain less defects than the mekel rod used to prepare 
electrode disks for earher work Using disks of about 2- 
em diameter made from this sheet, deposits showing only 





ng. i. Photograph of a typical pattern of spirals nickel plated from 
a Watts solution containing coumarin. Dark areas correspond to fully 
oS Pon bright plate (x 2, 3:8) 






Fig. 2, Photograph of burr and its spiral 





-= l or 2 spirals could be obtained. Protrusions such as a 
400-2 diameter insulating bead stuck on the disk or a flush 
hole of about 350-u diameter with a bubble of hydrogen 
maintained in it gave spirals generally similar to, but much 
less well defined than, those obtained on smooth disks. 
Smaller protrusions gave better-dofined spirals. The most 
ss satisfactory protrusions for further study were the burrs 
raised by pressing a sharp scriber point against the disk. 
=- Disks with burrs were plated using Watts’s solution 
-containing coumarin. A disk with 56 burrs was prepared 
and plated. There was a spiral associated with each burr 
and a few spirals similar to those in Fig. 1 resulting from 
hydrogen bubbles. Fig. 2 shows a typical burr and its 
spiral. No indication of vo-tex formation or turbulence 
savas found in any of the spirals examined. The heights of 
burrs were estirrated by focusiag a microscope on the 
- peaks of burrs and on the deposit near their bases using a 
microscope with a calibrated fine focus. 
< Suppose that a protrusion of height A produces a spiral 
which is the trace of the wake produced by a protrusion 
ja the fluid at height A above the disk. This height can be 
~ deduced from the curvature of the spiral. Cochran’ has 
- described the flow near the disk using co-ordinates r, 0 in 
- the plane. of the disk and Y = (9f normal to the disk. 
» is the angular velocity of the disk and v the kinematic 
of velocity u,v, ware given by: 0 > 
oF v=raG w = (vw! 








Be acc nea ae 
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where F, G, H are functions of % tabulated by Cochran. 

Tf 2’, v’, w are the equivalent components relative to the 

disk: a Pp oe Be as yela 
w = u,v = ro(1-G), w = w 


for values of Ç <1-0 and r> 0-2 cm w is small compared : 
with wv’ and v’ so that the path of the fluid in the plane 


C ( a hy 
wee: i | 

can be considered as projected on to the disk. The path 
is given by r=r, ox PY 6 the ratio z being determ 

0 OP CGY NPS ay TE Cree: 
ined by ¢. Paths for different values of X were drawn on. 
tracing paper and fitted to the spirals on an enlarged 
photograph of the disk. The mean height of 8 burrs which 
had clearly defined spirals, measured microscopically, was 
10 + lu. Their spirals corresponded with © < 0-1, One. 


larger burr was 21 + ly high and had a spiral with t 
slightly less than 0-2. The disk was rotated at 980 rpm. 


and v = IL x 10 strokes, so that{ = 0-1 and 0-2 


correspond to heights of 10 and 20u respectively, — — — 
The resultant velocity relative to the disk of fluid na 
plane Ç at distance r from its centre is: ee eee 
FE) = rol P + (ma 
Ifthe height of a protrusion is taken also as a characteristic 
length for it a Reynolds number for flow near a protrusion 


For a 10-y high protrusion on a disk rotating at 980 r.p.m; 
Csr 01. Then R = 6 for a protrusion 0-8 em from the 
centre. a ap eee eee 
The incorporation of carbon from coumarin in deposits 
which showed bubble spirals and on disks with burrs has 
been investigated autoradiographically on deposits from 
solutions containing coumarin labelled with carbon-14. — 
Fig. 3 is an autoradiograph of the pattern shown in Fig. J. 


The lighter areas correspond with lower incorporation of —_ 


earbon.. A comparison of Figs. 1 and.3 shows that incor- 
poration. is lower within the spirals. Spirals produced by 
burrs showed a similar lower incorporation but without 
the very small areas of higher incorporation at their 
origins. 7 FEES a 
Conclusions. The spirals indicate that burrs and gas 
bubbles produce a disturbance of the flow near them which 
is stable and has stream lines which are very close. to 
those of the theoretical laminar flow near the disk. There 





Fig. 3. Autoradiogragh of the disk shown inFig.1. The coumarin used 
was labelled with carbon-14. Radioactive areas appear dark {x e. $3) 








ig no sign of vortex formation in the spirals and the of transport 
is a within spirals 





-Reynolds number evaluated here is an order of magni- 
-tude less than that for transition from laminar flow to a 
- yortex street round a circular cylinder* or past a protru- 
gion’. It seems most likely that the incorporation, in a 
“deposit, of carbon from coumarin will increase as the rate 
of coumarin transport to the electrode increases. Hence 
- the autoradiographic results indicate a lower rate within 
‘spirals than on the uniform surface. This is to be expected 
if the flow around protrusions was laminar and is the 

-yeverse of that to be expected if a vortex with its axis 

-parallel to the disk were present. Tho flow around tho 

“protrusions, therefore, appears to be completely laminar 
with conditions far from those which would produce 

-wortices. Under these conditions, the difference between 
the total rate of transport to a disk with spirals and a 
uniform disk should not be greater than and is probably 
Jess than the difference between the uniform areas on the 
two disks. Any relief in the spirals will slightly merease 
the available area of the electrode and hence the total rate 

















ment of the rat 
the presence of 
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- ELECTRICAL PROPERTIES OF PYRITE-TYPE AND RELATED COMPOUNDS 
| | WITH ZERO SPIN MOMENT 


By Dr. F. HULLIGER 


Cyanamid European Research Institute, Cologny, Geneva 


A. LARGE number of transition element compounds of 
< LA composition TX, crystallize in the pyrite, the 
- mareasite or the arsenopyrite structure. In these struc- 
tures the anions are tetrahedrally surrounded by one 
anion and three cations, whereas the cations are located 
-in half the octahedral holes formed by the anion sublattice. 
If, therefore, X and Y denote di- and tri-valent anions, 


respectively, then non-metallic polycompounds are pos- 
sible with ionic formule TX), TXY) or T4*(¥2)*. 
The oecurrence of non-metallic properties requires that 
the chemical bonds be saturated and that all d electrons 
not involved in o bonds be localized. These extra electrons 
not only influence the electrical properties but also the 
erystal structure. In the pyrite and cobaltite structure 
the octahedral holes occupied by cations are essentially 
regular, whereas the marcasite and the related arseno- 
pyrite lattice readily allow for strong distortions and the 
formation of additional cation-cation bonds. As a conse- 
“quence, cations with high-symmetry d configurations, such 


~ as detdy?, de®, de'd'metalio and de*dy?, are encountered 


in the pyrite and in a few cases, for example FeS,, 
FeSe,, in an ideal marcasite structure. Cations with 
asymmetrically. filled de sub-shells occur only in the 
strongly distorted marcasite (Loellingite type) and arseno- 
-pyrite lattice. No compounds such as MnP, or CrAsS with 
cation configurations de? are known!. The cation con- 
figuration most favourable for the occurrence of the 
pyrite structure is de®. Moreover, this non-magnetic 
configuration also favours semiconductivity, but does not 
guarantée it, as will be seen here. The prototype of the 
de® pyrites is FeS,, and its semiconducting properties are 
well known. Since replacement of the ‘3d by either a 4d 
or a 5d cation normally enhances the non-metallic charac- 
‘ter? we expected the isomorphous ruthenium and osmium 
dichaleogenides to be semiconductors as well. This 
expectation was substantiated by measurements of the 
electrical resistivity. In agreement with the postulated 
dz? cation configuration, all compounds proved to be 
diamagnetic. My data are colleeted in Table 1. 

Semiconductivity in 7T3+(XY)*- compounds of the 
cobaltite type has recently been discussed‘, so that we 
need not consider it here. 


% 

To get the configuration de® in a phosphorous-group 
compound T'Y, we have to choose the cation T from the 
nickel group. Indeed, PdAs,, PdSb,, PtP, PtAs, 
PtSb, and «-PtBi, are known to crystallize in the pyrite 
structure. I have found the following additional mixed 
pyrite phases: 


According to the rules? holding for transition element 
compounds, we expect non-metallic properties above all 
in the compound with the heaviest cation and the lightest 
anion, that is, in PtP, As seen from my resistivity — 
measurements, all the compounds down to PtSb, turned 
out to be non-metallic (see Table 2). 


In PtSbBi the energy gap might just have: vanished. f oe . 
This compound reveals a metallic or semimetallic bese  ž _ 
haviour (the increase of resistivity of our sample between ont> 


20° and 400° C was 20 per cent). While the pyrite modifica- = ` 2 


tion of PtBi, is metallic but not superconducting®, the hexa- 
gonal’? high-temperature modification §-PtBi, is super- 
conducting below 015° K (ref. 8). 

In the nickel and palladium analogues we expect the 


transition to metallic properties to occur already for a - a i 
Because of the difficulty in preparing 
stoichiometric samples the data for the marcasite-type — 


lighter anion. 


Tabte 1. 


diehiicogenides. The energy gap was derived elther from diffuse reftectance 


measurements (ont,) or from the temperature dependence of the electrical 0.0. 


resistivity (el), assuming p~ exp 4E/2k7) 

10° y,(0.6.5./mol) o 
Room Liquid 
temp. N, temp. 

—~ G4 . 

~~ 52 


AE (eV) aggorg (HV/°C) 
Rus, 
Ruse, 
RuSeTe 
Rute, 


Oss, 
Ose 4 - 
OsSeTe 
OsTe, 


120 (n) 


300 (1) 

200 (a) FB 

a. Oe a: 
Sere ee 


— 44 


nate” a wk. RA n m50 
PESCA 150 (nY 
>02 det) -100 (n) 








Preliminary dasta for the energy gap AF, the thermoelectric a 3 z 
power a and the mametie susceptibility x of ruthenium and osmium _ 
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‘Table 2. - “Survey. on the electrical properties of TY, compounds. The 
the energy gap AE were derived from resistivity measurements, 

es were not especially purified, all figures should be regarded 
imate only. a and ĝ refer to different samples 


NO, 4911 











Struc- 10°y,,.(C.6.8./mol) 


ture AB (eV) asggox VrO) Room Liquid N, 
type temp. temp. 
A IP. 0-5 100 {n} 
f> ~ 0-05 ik 1) 
Metallic ~ — 80 ~ — 30 
(ref. 1) (ref, 5) (ref. 5) 
NiP, 0-6-0-7  100(n) { fas 
a O45 240 (n) 
C2 Metallic (p) — 45 ~ 50 
€2 Metallic (p) 44 —50 
© C2 Metallic (p) SIar E 
iy , Monoclinic Metallic 
“ass GLAS Metallic 
C2 z206 00 (p) —27 (+32) 
C2 z204 ~ 10 (rp) — G2 -59 
2 0-5 200 (n) ~ 48 —~45 
Shy C2 20-05 80 ip) — 56 ~~ §2 
TE C2 Metallic {p} 
a- PtBI 2 Metallic 





G2 
B-PtBi, Hexagonal Metallic 


compounds NiAs, and NiSb, are perhaps not as yet 
conclusive, but PdP, is definitely semiconducting while 
PdAs, is metallic.. Moreover, I have synthesized 
< PdPAs and found that it still is non-metallic. It is iso- 
morphous to PdP, and its ee constants are: a = 
- 688 A, b = 6-03 A. c = 6-41 Å, B = 126-1 deg. As seen 
from Table 2, the transition semiconductor —> metal thus 


=> eoincides with the change of crystal structure: The non- 
metallic palladium compounds crystallize in the mono- 
=o  elinie NIP, type of structure? the atomic positions of 

_ whieh have not yet been determined. However, because 


of their non-metallic behaviour NiP, PdP, and PdPAs 
: must be polycompounds, that is, the co-ordination of their 
anions and cations must be essentially the same as in 
pyrite and marcasite. 

_ dt is remarkable that though palladium can adopt the 
configuration de® all pyrite-type palladium compounds 
are metallic and PdSb, is even superconducting below 
1-25° K (ref. 10). PdBi, shows two modifications: mono- 
clinie «-PdBi,, which is superconducting below 1-75° K 
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(ref. 11), re i tetragonal B-PdBi, with a transition tempera- 
ture of 4-25° K (ref. 11). The high-temperature modifica- 
tion 2 PaBi, crystallizes in a strongly elongated MoSi, 
type cf structure which still reflects the tendency of the 
anion to form a polycompound. 

It would thus appear that in the metallic palladium 
and platinum compounds the dy-levels dip into the de 
band or into the valence band, thus giving rise to a high 
density of states favourable for the. occurrence of super- 
conductivity. For studying the factors which influence the 
conduction character, the pyrite-typ unds |. | 
of special interest because 
have almost the same lattice spacin 
analogues: superconducting PdSb p 
semiconducting PtSb,: a=044r A (ref. 
ately, T was unable to prepare mixed ery 
either by melting or by sintering at 500° De 
seems to be significant because PdSb, readily forms mixe 
crystals with the superconductor AuSb, (a = 6 ‘657. a 
(ref. 12)) whereas the semiconducting PtSba agan: does 
not. g 

I thank Prof. G. Buseh, Swiss Federal Institute of po 
Technology, Zürich, for kind permission to use his Gouy — 
balanee, and Dr. P. Giesecke, Cyanamid - Stamford 
Laboratories, for some diffuse-reflectance curves, as well 
as Dr. E. Mooser and Dr. W. B. Pearson for valuable. 
comments and discussions. 
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FORCED CONVECTIVE MASS TRANSFER IN ABSORPTION AND | 
DESORPTION 


By P. NORDON 
C.S.1.R.0. Division of Textile Physics, Wool Research Laboratories, Ryde, Sydney 


XJHEN a stream of moist air is foreed through a 
I niform bed of hygroscopic fibres such as wool, 
sferred from the air to the fibres or vice versa 
the relative humidity of the air and the 
f water already present in the fibres 
ulta wous heat transfer occurs causing 
changes in the air and the fibre bed. 
by Cassio? that such a process is character- 
the propagation through the bed of two tempora- 
ronts, one fast and one slow. Due to his assumptions 
nitely fast heat and mass transfer rates, Cassio’s 
dicted that the- shapes of these fronts (with 
time) were the same in the fibre bed as at the 
- work by MacMahon and Downes? 
ry to take into account a finite rate a 

dity of- which had been established 
assie’s original work. In aa 
1s Pertaining - to k “problem, 





+ 





range of the solutions to cases where stable fronts are 
formed and to times when the steady state has been 
established. 

Recent work’ on heat transfer in beds of non-hygro- 
scopie fibres has led to a.re-examination of the more general 
problem of combined heat and mass transfer. For pur- 
poses of analysis a theoretical model was. formulated 
also based on a finite rate of mass transfer but differing 
slightly from that introduced by MacMahon and Downes. 
Provisions were made in the model to allow for the non- 
lincar isotherm of the wool—water system and for the heat 
of sorption as a function of regain. Introduction of these 
factors led to non-linear differential equations which were 
solved numerically by the method of finite differences 
with the aid of a computor (Silliac digital computor, 
Basser Computing Laboratory, University of Sydney). 
Only the main concentration: profiles were caleulated ar 
their associated temperature changes (second fronts). 








number of conclusions were deduced from. this- a 


which will be reported elsewhere together: ‘with the: do athik 


the. _ of :the-caleulations. 
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i the wool is at saturation regain (33 per cent) 
ry. Otherwise all conditions are identical, 
resis being neglected. 
. Fig. 1, there is a pronounced difference 
io overall sorption and desorption curves 
vith the aid of the model. The rate of desorp- 
nt over most of the process and finally tapers 
sorption is initially slightly faster than desorption ; 
er, the rate decreases continually and soon becomes 
han desorption. Experiments with real wool 
eds yield similar results although the difference between 
two cases is not as pronounced as in Fig. 1. 
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“Fig. i ‘Overall regain change for a wool bed, 1+5 em deep during 
pean absorption and desorption 


A. more fundamental difference is revealed when the 
“predicted temperature-time relationships for various bed 
positions are examined. It becomes apparent that a 
stable, progressive temperature front is formed in the 


F 


caso of desorption (Fig. 3) but not in the case of absorption 
(Big. 2). The general shapes of the curves shown in 
< Figs. 2 and 3 have been verified experimentally. 
fhe explanation for these differences is interesting. 
For a given small amount of water transferred in the bed, 
the heat liberated (for absorption) or absorbed (for de- 
same and hence the rise or fall in ternpera- 





_ whole is as follows: 
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Fig. 2. Temperature at various depths in wool bed during absorption. : 
-~ =, approximate course, first front; ~—--, secon front 
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Fig, 3. Temperature at various depths in wool bed during desorption. _ nae 


~~~, approximate course, first front; --—— second front: © 








In desorption, so long as the concentration front is: 
contained within the bed, air will emerge from it at an 
essentially constant temperature, slightly lower than the 
temperature of adiabatic saturation. Hence during this 
period the overall rate of desorption remains constant. — 
The emergence of the front from the down-stream side 
of the bed is an indication that saturation is no longer _ 
achieved and the overall rate of desorption. becomes. 
smaller. The absorption curve is more complex and a 
full explanation will not be attempted here. To obtain a 
constant overall rate, all the moist air entering the bed 
has to be dried and this requirés a much longer bed. than. 
that (3 cm) for which the caleulation was made. If, the 
fore, a constant rate is observed at the beginning 
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pharmacological action, but gaps still exist in the 


tissues, for example, plain, cardiac and skeletal muscles, 
<: and also about its behaviour towards neurotransmitter 
-agents like acetylcholine. 
i Drugs which inhibit the action of acetylcholine on 
isolated muscles—smooth, skeletal and cardiac—have, 
-according to.Dawes!, quinidine-like effects on heart. 
- Vane? showed that paludrine, which has antiarrhythmic 
_ action, satisfies the findings of Dawes', and possesses, in 
addition, properties for potentiating the action of acetyl- 
choline on some isolated tissues in small doses, while it 
itself shows cholinergic action in higher doses. Burn’ 
indicated the role of such drugs on cholinergic receptors. 
Oooo Antiarrhythmic property was discovered in ajmaline 
during routine screening by Arora and Madan‘ and this 
was corroborated by Schmitt and Schmitt later*; but 
the mechanism of its production is not yet known. 
There is no information in the literature concerning 
the effect of ajmaline on the action of the neurotrans- 
-< mibter agents such as as acetylcholine, adrenaline, nor- 
adrenaline, ete., to enable one to examine the foregoing 
T _ hypothesis of Dawesi. or Burn’. With the object of 
_ examining their views, effects of ajmaline on the action of 
= acetylcholine, adrenaline and noradrenaline have been 
_. examined and the results are presented here. A compari- 
-son has also been made between these results with ajmaline 
and that of paludrine, as observed by Vane? and Burn 
and Vane‘, on the action of acetylcholine on isolated 
7 muscles. | 
>. The results presented here were obtained from the 
i examination on isolated tissue preparations. Isolated 
-= guinea pig ileum was prepared and the dose of ajmaline 
which causes 50 per cent inhibition (ZD,9) of the contrac- 
¿> tion due to acetylcholine in this tissue was estimated as 
suggested by Burn’. Seminal vesicles of guinea pigs were 
isolated afer the method of Stone and Loow’. Other 
lated Preparations ¢ such as rectus abdominis muscle of 
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2. ae effect. 
- Contraction 10-4 
- Paindrine Inhibition 8 x 10-8 
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) M LINE i is a major indoline alkaloid of Rauwolfia l rog 
rpentina Benth. There are some conflicting reports — os | 


edge, especially concerning its action on peripheral _ 
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\COLOGICAL ACTION OF AJMALINE, THE POSSIBLE MEC CHANISI 
‘OF ITS ANTIARRHYTHMIC ACTION, AND ITS THERAPEUTIC — 1 
POSSIBILITIES 


By Pror. M. L. CHATTERJEE and M. S. DE 
ail earners of Pharmacology, School of Tropical Medicine, Calcutt 


adrenalina, ate. „on ee biases | was noted. E Dita 2 
Ajmaline was dissolved in ethanol to make a i per 

cent solution, which was then suitably- diluted with 

normal saline before use. Ethanol similarly diluted 





to get the true effect of the alkaloid. The neurotransmitter 
Sapne tested against were- agaty lohol chloride Hot- 


ACTION OE ore ON Seuverat, Canprac RE Smoor 


Table 1. 
MUSCLES 
Tissue Cone. of Effect. of Effect of dimaline. 
examined ajmaline ajmaline on the action of © 
(g/mi.) alone acetylcholine (Ach) © 
Skeletal 197* Nil (11/11) Enhancement of contraction 
museleo? : by, Arh, Average 24- 62. 
frog oe! 5-38 per cent (6/6) 
10-* Nil (6/6). - Inhibition of Ach, Av verage 
; oe BBE D per cent (6/6) 
10t  Contrackion(6/6). Inhibition of Ach. Average 
ipni 8 OE3: 03 per. cent (6/6) 
Cardiac 10-* Rate decreased Rate: inhibition of. depres 
muscle (11/18) sion by Ach. (3/4). Aver. 
(isolated age 13°75 £6: 3 per cent 
auricleg : 
of guinea Amp, increased Anm: inhibition öf depres- 
pigs) (13/18) sion by, get Fae A ver- 
a * 
10-5 Rate decreased Rate: inhibition of depression 
(14/18) by Ach. (3/4), Average 38:5 
+l “85. per cent 
Amp. decreased Amp. + inhibition: of de yos- 
(9/18) sion by Ach, (4/4), Aver 
age 30° ESED 3 per cont: 
Smooth . 10-* Slight increase Enhancement of contraction 
muscle in tone (24/24) Ch. Average 14°04. 
p Ve per cent (6/6) 
107° Contraction Inhibi ition of contraction by 
(24/24) Ach, Average E SE Be 
ie 5:79 per cent (6/6) _ 
1-4 Contraction Inhibition of: contraction ‘by 
(27/27) Ach. Average. 20s 


Tt per cont (6/6)~ 


Figures in brackets indicate the niimber of times the effect. was seen 
(mumerator) out of a total number of observations made: (denominator) 


OMPARATIVE ACTIONS OF PALUDRINE (REF, 2) AND AJMALINE AND THER RESPEOTIVE EFFECTS on THE een oF Aorrrronortea ee 
, ON DIFFERENT TISSUES A 


Drug plus acetylcholine 








Dose (g/ml). T ES (a 
Efect for effect = Effect ef 
(No. 3) {No. 1) {No. 2) Yo. 
Enhancement of 5x 10°? Inhibition of Ai 
acetyleholine acetylcholine it 
action ; action PE 
a 19-4 si 197 to 
tü- 
Antagonization 8x10". No information — No 
of acetylcholine onthe nicotinic —s information 
action action of «> ee 
| acetylcholine ot 
F ig- cpr meen BE: 
of the nicotinic . 7 
— aetlom oF 
acetylcholine a 
Ne No ee) | nhibition of Ne 
: . information infermation ~° Eag ini m maon 
a ” aetion ase 
EOS Enhancement of 10t i 10 to 
l Acetylcholine. ; ig 


action 






always tested for control and its effect taken into account rE 









Fig. 1. Action of ajmaline alone and its modifying influence on the action of adrenaline 


a ee auricles from guinea pig in 50 mil. bath at 29°C, 
g B4 + 


eardio-accelerator action of adrenaline by ajmaline 





Fig. 2. 
the depression of rate and amplitude by 107 g/ml. of ajmaline, and its anti-acetyicholine 
action 


man La Roche), adrenaline tartrate (May and Baker) and 
noradrenaline bitartrate (Winthrop). 

The results of the action of ajmaline on isolated muscles 
are presented in Table 1. 

Tt has been noted that ajmaline has spasrogenic action 
on isolated smooth muscle preparations like guinea pig 
ileum and guinea pig seminal vesicles, and on isolated 
skelotal muscles, for example, frog rectus abdominis. 
On the other hand, ajmaline has depressive effects on the 
rate and amplitude of isolated perfused hearts of frogs 
and guinea pigs. In isolated auricles of both rabbits and 

guinea pigs, ajmaline depresses the rate but imereases 
the amphtude (Fig. 1). High doses, however, depress 
both the rate and the amplitude of the auricles. The 
spasmogenic actions of acetylcholine on smooth and 
skeletal muscles are enhanced by low doses and antagon- 
ized by high doses of ajmaline. The ED; of aymaline for 
inhibiting contractions by acetylcholine in isolated guinea 
pig ileum was found to be 1-26 x 10-4 g/ml. The depres- 
sion of rate and of amplitude of isolated auricles of guinea 
pigs and of isolated frog hearts caused by acetylcholine 
is antagonized by ajmaline (Fig. 2). The actions of 
adrenaline and noradrenaline in effecting an increase of 
the rate (cardio-acceleration) of isolated frog hearts and 
guinea pig auricles are antagonized by ajmaline, but tho 
increases of amplitude caused by these catecholamines 
are not inhibited (Fig. 1). 

The close similarity of the foregoing effects of ajmaline 
on the actions of acetylcholine, with those of paludrine as 
described by Vane?, is shown in Table 2. 

The foregoing results indicate that ajmaline reduces 
the cardiac rate in the same way as paludrine and other 
antiarrhythmic drugs, but the difference is that the 


At dots, adrenaline 16-* 
At «aj, ajmaline 10~* g/ml., and at V, the corresponding vehicle added to bath, 
washed down at HW’. Note the increase of amplitude, depression of rate and prevention of 


Same asin Fig. 1 except that, at dots, acetylcholine 1077 g/ml. is given. Note 








paludrine or quinidine. | 
property has, however, been shown to. be posses- 
sed by veratrum alkaloids*, but the latter has no 
antiarrhythmic property. This selective property 
of ajmaline in producing partial inhibition of 
adrenaline-action, namely, of only the increase of 
rate and not of amplitude after administration of 
adrenaline, is an additional factor in ajmaline 
over and above its antiacetyleholine action on 
isolated auricles of heart, which is a property 
common to both ajmaline and quinidine. 

From the comparative results presented in 
Table 2 it is further evident that there is a very 
close similarity between ajmaline and paludrine 
so far as their cholinergic, antiacetyleholine and 
potentiation of cholinergic actions are concerned. 

Dawes! postulated that drugs which inhibit 
the action of acetylcholine in smooth, skeletal 
and cardiae muscles have quinidine-like proper- 
ties. This postulate was found to be satisfied by 
paludrine*, which was also found to possess 
antiarrhythmic action. The investigation recor- 
ded here shows that ajmaline also fulfils these 
conditions. 

Burn’, in analysing the pharmacological 
actions of paludrine on isolated skeletal, cardiac 
and smooth muscles, suggested that drugs like 
paludrine act on cholinergic receptors and, there- 
fore, can compete for such receptors. 

From the point of view of this similarity 
(Table 2) and also because of the hypothesis 
of Burn? and Dawes', the conelusion becomes 
irresistible that ajmaline, like paludrine, acts 
on cholinergic receptors and can sensitize these 
in small concentration to enhance the action 
of acetylcholine, with which it can also com- 
pete at a higher dose-level and can antagonize the action 
of acetylcholine. 

These findings on the action of ajmaline on cardiac 
functions offer an explanation for its useful therapeutic 
applicability” in cases of cardiac arrhythmias, for 
example, auricular fibrillation, and offer also a promise 
for its use in combination with a good antihypertensive 
agent like reserpine for treatment of cases of hypertension 
complicated by cardiac irregularities. 

These experimental observations also lend support 
to the clinical finding! which shows that the extract of 
total alkaloids of Rauwolfia serpentina is preferable to a 
single alkaloid such as reserpine. Obviously, the beneficial 
pharmacological actions of ajmaline or similar alkaloids 
in the total alkaloid-extracts of Rauwolfia serpentina will 
counteract some of the undesirable effects, such as cardiac 
depression and even chances of cardiac failure, which have 
been mot with after administration of reserpine alone*™. 

We thank Dr. F. Gross, of Ciba, Ltd., and Dr. Debi 
‘hakravarti, of Bethune College, Caleutta, for the supply 
of ajmaline. 
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A Model for the Transport of Sodium and 
Potassium lons 


~HE chemical reactions between nutriments cause a 
decrease of these substances and are a source of 
metabolic end-products in the living cell. As a result, the 
_ chemical reactions give rise to continuous vectorial pro- 
. esses with nutriments flowing in and end-products 
ae flowing out of the cell. Owing to coupling between pro- 
cesses of the same tensorial order, these processes may 
CiP oduce. stationary non-equilibrium distributions even of 
ae ances present in the system the amounts of which are 
not changed by tho chemical reactions}? Regarding the 
-problem of the uneven distribution of N at and K+ ions in 
living systems, these considerations call for an examina- 
tion of the distribution of these ions in stationary-state 
models that include processes produced by cellular 
metabolism. 
Acids and water are continuously produced by oxidative 
tnetabolism and supplied from the cell to the extracellular 
fluid?*, In the present work, the ion distributions have 
been investigated in a stationary-state system in which 
© an acid and water are simultaneously supplied to an 
aqueous solution of sodium chloride and potassium 
chloride. 

The apparatus (Fig. 1) was of the same type as that 
used by Teorell? and by Nims and Thurber*. It was 
made of ‘Plexiglas’ and consisted of a small chamber 
(10 ml.) containing a liquid phase «, and a large chamber 
(1,500 ml.) containing a liquid phase B. Both phases 
were stirred at constant rates. Between the oe there 
was a porous membrane (‘“Membranfilter No. 9’, Membran- 

- filtergeselischaft, Gottingen). Its area was "i em? and 
thickness 60u; the average pore diameter was 125 mu. 
The membrane as such was freely permeable to all the 
__ Species in the aqueous solution of sodium chloride, potas- 
o sium chloride, and hydrochloric acid. 
"The experiments were performed at room temperature ; 
during the stationary state the i ids in phase 6 
"oo Was 22° +15" C, 
coco Phase B was composed of an aqueous solution of 
ee ‘sodium chloride and potassium chloride, The system was 
ae brought to ‘life’ by filling the small chamber with an 
aqueous solution of hydrochloric acid and supplying this 
fluid continuously to phase « with hydrostatic pressure. 
The hydrochloric acid. flowing through the membrane to 















| Ag Age j i 
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TRANSPORT OF IONS ACROSS MEMBRANES 


phase 6 was neutralized to pH. 7 by continuous addition 
of an aqueous solution of sodium hydroxide and potassium 
hydroxide to this phase. As a guide of its neutrality phase 
8 contained a few drops of an indicator Promothymol 
blue). The dilution effect of the water flowing to phi iaso B 
was cancelled out by making the concer Of Na 
and K+ in the base solution just so much 1 
in phase 8 that, when the acid. sol tion- was 
resulting solution had the same composi 
solution of phase B. The hydrostatic ‘pred foron 
between the levels of the acid solution and of phase B 
was kept constant by continuous addition of- solution. to 
the acid bottle and removal of an adequate volume from 
phase 8. Thus there were steady flows of hydrochloric 
acid and water from phase « through the: membrane: to 
phase 6. 

Against the flows of hydrochloric acid and water, Nat 
and K+ migrated from phase 8 to phase. «, until a time- 
independent non-equilibrium stationary-state distribution 
of all species in the system was attained. The time course |. 
towards this state was followed by measuring the potential 
difference ‘between Ag/AgCl electrodes in the two chami- 
bers with a compensation potentiometer. Its decline to a... 
constant value took 1-5-2h. By taking succeasive samples _ 










from phase «, it was also found that within this time — 
d and that 





the concentrations of Nat and K* had inereasec 
of H+ decreased to constant levels in this phase. T 
actual time for the attainment of the stationary gta 





taken as 3h. The concentration of H* was titrated with a 


sodium hydroxide, while those of Nat and K wore | 

determined with a flame: photometer. pee ee 
The selectivity coefficient, r; for Nat and KS between hee 

the two phases was calculated as follows: : re 


r= [Na K] Nate 


The flow rates of hydrochloric acid and water were 
changed in different experiments by changing ‘the nor- 
mality of the hydrochloric acid’ and the hydrostatic 
pressure difference between the levels of the acid solution 
and phase $. Since the normality and volume of acid 
solution lost in a given time were known, the rates of 
flow of hydrochloric acid and water through the membrane 
could be calculated. 

Table 1 shows the stationary-state ion distributions as 
a function of various flow rates of hydrochlorie acid and 
water. The experiments Nos. 3 and 10 represent extreme 
cases. In experiment No. 3, hydrochloric acid of high. 
normality was supplied to “phase a ab low hydrostatic: | 
pressure, with the result. that the. distribution of other fs 
ions is determined chiefly by the diffusion effect of hydro- 
chlorio acid. This ag ape roba are : 















the neee E of Na+ aad K+ i in bored Pe aR eare 

the selectivity coefficient is low, that is, the distributions 
of Na* and K+ are equally influenced. On the other hand, 
in experiment No. 10, hydrochloric acid of low normality 
is supplied to phaso « at high hydrostatic pressure. 
with the result that the ion distributions are determined 
chiefiy by the water flow. This experiment. resembles those 
of Nims and Thurbert. This system increases. K+/Na* 

ratio in phase g, but the concentrations of both ions are 
lower in this phase than in phase B. 

However, with simultaneous flows of hydrochloric 
acid and water, Nat and K+ migrate continuously in the 
membrane pores with accelerated rates against the reverse 
water flow, and since the mobility of K+ is higher than 
that of Nat, the final stationary- -state concentration of 
K+ may become even higher in phase a than in phase 6, 
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while that of Nat remains lower in phase « than in 
=> phase B (exps. Nos. 6, 7 and 8). 

‘Thus, this supply of hydrochloric acid and water leads 
to the transport of Nat and K+ ions in opposite directions 
across the membrane; K+ ion to phase « and Nat ion to 
phase 6. 

Physico-chemically this model deals with the problems 
of polycornponent processes. The recent progress of 
irreversible thermodynamics has facilitated the theoretical 

"treatment of these systems. An attempt along these 


-Hnes has been made in the followmg paper’. 
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Stationary Distribution of lons across a 
© Membrane in the System Sodium Chloride - 
Potassium Chloride- Hydrochloric Acid- Water 
Tue transport of ions across membranes has been treated 
theoretically by purely phenomenological methods, 
using the formalism of irreversible thermodynamics'*, or 
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by a more ‘kinetic’ approach*. The former method gives a. 
clear description of the transport. processes, but in the — 
general case it leads to equations containing unknown è = > 
constants which depend on the properties of both the — =< 
solutions and the membrane. Therefore the equations: = 
obtained are not applicable to numerical solutions of =o 
concrete problems. Ct RSE ae 
However, if the membrane does not affect. the properties 
of the solution, it is possible, in certain simple cases, toc 
calculate approximately the ion distributions across the = 
membrane, and to obtain relations between measurable < = 
quantities. It has already been suggested by Simo Sal- 
minen? that the system in which an acid and water | 
are continuously supplied to the aqueous solution of ë  ć 
sodium chloride and potassium chloride may be of < 
interest as a model of biological 1on transport. systems. 
In the present work the ion distributions in this system o < = 
have been studied theoretically with the aid of the 
concepta of irreversible thermodynamics. a: 
Consider the isothermal system (Fig. 1) containing two 
homogeneous phases..« and 8, which are joined by a = o o> 
capillary k. The capillary diameter is large when com- __ 
pared with molecular dimensions, thus corresponding to. 
the pores of the membrane used*. To the constant-volume = 
part « a constant flow of aqueous solution of hydrochloric __ 
acid is supplied. The concentration of the hydrochloric 
acid is denoted by cf. The compartment B contains an = 
aqueous solution of sodium chloride and potassium è > 
chloride. The concentrations of these salts in the com- 
Let us consider the system in a stationary state in which 










the concentrations of the components sodi hlo 
potassium chloride and hydrochloric acid in pa 


Fig, 1. . Schematic representation of the ee ee s 
the suffixes 1, 2 
quasi-rnechan ai eau 
may be presented in the { 
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Ji, = Cath oiai meg 

j= 

where v; 1s the velocity of the species + The conjugate 

force X, 1s assumed to have been composed of two paris, 

the gradient of the ‘chemical potential’ u, and the gradient 

of the ‘electrical potential’ @ multiplied by the charge of 

the ion z, and by the Faraday constant F The pheno- 

menological coefficients «y are connected by the Onsager 
reciprocal 1elations 
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4 
a X; = Pa aiy(yuy + 4Fye) (1) 
J= 


Xy = Oye (2) 

The electric current density is 

4 

I= F Xzc, (3) 

e=l 

The specific conductance is defined by the equation 
I= xB (4) 
when 

yur = 0 (5) 


where # 18 the electiic field strength 
The mobilities of the ions and ther tiansference num- 
bers are defined by the equations 


It = 2iF J, (6) 
(vi — V) = erun E (7) 
For cations s; = + l and for anions s, = — 1l 
Fiom equations (1) to (7) we obtain 
4 4 
A = F > |z] Cilli G PFP: D> ZZi Kis (8) 
i=] 1,7=1 
4 
Ur = Co) Fer B gay (9) 
oe 
(Zil Cx, Zr 5 ZihrF 
jg=1 (10) 
bie gern on, Gee gee 
Z [zieus Ri ByRh GE 
g21 g,421 


In the present system J = 0, o1 according to (3) 
4 
2 žid {= 0 
t sx 
As a consequence of (11) ıt ıs possible to use diffusion 
currents of the components sodium chloride, potassium 
chlo1ide and hydrochloric acid instead of the diffusion 
currents of the corresponding ions e, 
The chemical potentials of these compounds are 


NaCl = UÍ = W + ea MKOL = Us = pe + Uy 
MHC] = u3 = u3 + p, (12) 


For the diffusion current densities of the components 
the following phenomenological equations are valid 


(11) 


4 4 
—dJyNacl = ~ Jt iat anypt + Qiyo + Qiy Eg 
— 4 

-JKA = ~ do == anyut T argus + Qy Eg (13) 
4 4 
— Jaa = — Ji =s anyut + aay La + 33V Uo 


where the constants ay satisfy the Onsager reciprocal 
relations 
Qiy = yi (14) 


According to equations (1), (2), (8), (10)-{13), the 
following ielation between the phenomenological coeffi- 
@ents (2) and (14) ıs obtamed 


x 
Qy = ay — hrga (15) 


The chemical potentials of the components $ may be 
expressed by the equation 
pi(L Pyey Cae) = w5°(T,P) + 

LT nce, + 2RTIny* 


whore y? 1s the mean molar activity coefficient 


ut = 
(16) 
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Using the notation 
4 
aoe (17) 
g act 
fiom (133, (16) and (17), we obtain 
= Ji = Diye, + Dives + Diyes 
pa J$ = Daye, + Dyes + Day Cs (18) 
ää J} = Daye: + Doves + Day Ca 
whee 
dlny?4 
Dys È cy a RTE? “(By +2 + 20r = wh (19) 
j 
82; me the Kr eer ae aoe 
If we introduce the followmg approximations 
ary = 0 (2 9) (20) 
cry = OE Os (21) 
P p'a 
lny: _ 9 (22) 
0c; 
where x = Fu? and u? is the limiting 10me mobility. 


(8)-(10) (15), and (19)~(22) yield 


c 
2? 81; ail z : 
24 €, A0 
yer 

By solving the equations (18) for the concentration 
gradients we obtam 


Dre ET (23) 


0 _ 50 





a= DLI + Divi + DEJ) 

= ae Lid} + Dest + DZJĖ) (24) 
t7 

de 

a7 = (Did + D3J§ + D373) 


where the assumption that the concentrations ¢, ie 
functions of v alone has been taken into consideration 
In the equations (24) D ıs the determinant 


D = |D,;| 


anc. D? 1s the co-factor of the element Dy 


(25) 


Since c, = C + Ca + ¢; we may wiite imstead of the 
last equation of oe 


Fa = At : DIJ$ + S DJ} + 5 D} J3) (26) 

i ae} w=] r=] 

In the stationary state under consideration we have 
v, = v = 0 (27) 


Fiom the equations (1) and (24)— (27) we obtam the 
system of differential equations 


de, E 
r C(A, + B as By ie) 


- = CfA, + Be A B k Ez) (28) 
Sagi = m= Bie aa) 
where 
Ai = Us Fr E ), Bi SNE (2 = 1,2) (29) 
wv oe 33 u 
ee _ 2RT l 
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In the simplified case, when c, = 0, it follows from the 
equations (28) and (29) that 


Integration from x = 0 to x = 1 yields 
Bo p 
i" 028 
Din apa = arnaga 81) 


Nums and Thurber! have studied ion distributaons across 
a membrane m a sodium chloride-potassium chloride— 
water system and Nims’ has derived an equation for the 
distribution of Nat and K+ 10ns in this case The equation 
(31) ıs the samo as the equation (35) m Nims’s paper’, 1f 
the activity coefficients are left out of consideration 

Returning to the quaternary system, the first two 
equations (28) yield 


ee ak by 
aa R ‘De DI” (32) 
Integrating (32) from v = 0 to v = l we obtain 
cf 
hn? = nt = A — pp (33) 
c? 


From the equation (33) ıt will be seen that the selec- 
tivity coefficient’, r, depends on the velocity of water v; 
and on the length of the capillary J, but not, with the 
approximations (20)-(22), on the concentration of hydro- 
chloric acid 

The coefficients (29) m the equations (28) may be 
calculated from the known mobilities u?, but the velocities 
v, and v; are not experimentally known quantities 

In a stationary state, the amount of hydrochloric acid, 
supplied to the part « equals the amount escaping through 
the capillary k, and we may write 


Cavs paac clos (34) 
A new variable 1s defined as 
_ F (35) 


Substitution of equations (33)-(35) and the values: 
of the 1onie equivalent conductivities at 25° C à (em? ohm-? 
equiv -') 22 = 5010, 29 = 7350 29 = 349 8, 2g = 76 35 
in the equation (28) yields 


de, Cy Cg c9 
E ag ae af ee 5 — — 0803 “3 
ay Inr c, (3 943 — 1-345 * 0 84 T = 
dc. 


c c9 
i= — Inr c, (2 943 — 1345 + 0 8457 — 1253 2) (36) 
yY C4 C4 Og 
deg 


0 
Cy Ce ¢ 
= — —— 1253 3 
iy Inr c, (1 253 + 1345 7+ 0845 = ) 


Ca 


The system of differential equations (36) 1s not solvable 
mm closed form The equations can be integrated numeri- 
cally, however, when the values of lnr, of, and of the crs 
on one of the boundanes are known In the expeiiments', 
the boundary conditions to the right of the membrane 
were 


cÊ = 150 mC, o = 5 mC, cf = 155 mC 


The concentration of hydrochloric acid c? and the rate 
of water flow were varied The distribution ratio r 1s, in 
turn, a function of the water flow, according to equation 
(33) The numerical mtegration of the differential 
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è y a 
Fig 2 Stationary state distribution of Nat, Kt and CI- ions m the 
capillary 


equation system (36) was made by the Runge-Kutta 
method, using an Elhot 803 electronic digital computor 
The results for the values r = 11, 13, 20, 30 and cf = 
16,3 0,60 mol/l are given graphically m Fig 2, where 
the stationary-state concentrations of Nat, K+ and Cl- 
ions in the capillary are presented as functions of the 
length of the capillary 

The values at the left end of the capillary represent the 
calculated 10n concentrations m compartment « If we 
take mto consideration the rather rough approximations 
(20)-(22), the agreement between the present theoretical 
and previous experimental’ results is faarly good 

The selectivity coefficient r depends, as was previously 
pointed out, only on the rate of water flow The relation 
between the selectivity coefficient and the water flow 
depends, according to (33), on the length and effective 
cross-section of the capillary and ıs thus a property of the 
membrane and usually unknown On the other hand, 
the ratios coh and c3jeb depend on the concentration of 
hydrochlorie acid as well 

From Fig 2 and from the equations (36) ıt may be seen 
that the concentration maxima of Nat and K+ inside the 
capillary are independent ofthe ratio r, that 1s, of the water 
flow ‘The maxima increase with imcreasing concentration 
of hydrochloric acid They are relatively greater and he 
more to the left for K+ than for Nat 
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As the wate: flow 1ate 1s increased, the stationary con- 
centrations of Nat and K+ im compartment & at first 
increase and 1each ther maxima, Nat at a lower rate of 
flow than K+ With a further merease of the water flow 
1ate then concentrations again decrease 

Furthermore, it may be seen from Fig 2 that at certain 
water flow iates and hydrochloric acid concentrations a 
stationary state may be 1eached m which the K+ concen- 
trations m compartment « are higher and the Nat con- 
centiations lowe: than the corresponding concentrations 
in compartment B, as has also been verified experiment- 
ally’ Thus the present system acts as an ion ‘pump’ 
which transports the Nat and Kt ions m opposite direc- 
tions across the mombrane against their concentration 
gradients Consequently, this system 1s a rational 
demonstration of a type of ion transport which in biology 
has often been termed active transport of 10ons 
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RECOVERY EFFECTS OF HOMOLOGOUS TESTES DNA INJECTED INTO 
TOTAL-BODY IRRADIATED (600 R) INFANTILE RATS AND MICE 


By Miss N. SAVKOVIC 


‘Boris Kidrié’ Institute of Nuclear Sciences, Belgrade 


HE problem of discovermg remedies for post- 
mradiation treatment of uradiated organisms is of 

importance The therapeutical results are theoretically 
important because the solution of this problem would 
1ender more comprehensive the mechanism of lesion 
formation caused by irradiation From the practical 
pomt of view, the problem 1s important because appro- 
priate therapeutic 1emedies could be used in celimeal 
radiothel apy 

It has been shown that m different animals the effects 
of lethal radiation can be modified by certain treatments 
appled after nradiation Some results show that irradi- 
ated animals can recover after bomg treated with the bone 
mariow!? and homogenate spleen? Cole et al* found 
that extracts of blood-forming tissues are therapeutically 
effiicrent They assume that the humoral factor 1s identt- 
cal with deoxymbonucleoproteins 

Kanazir et al assume that damage and mortalty of 
irradiated organisms are due to damage of the genetic 
system In view of the fact that the genes are composed 
of DNA molecules, the pimmary initia] lesions induced by 
radiation can cause damage of the DNA and RNA 
structure® 

It is also assumed that the recovery process and the 
survival of the radiation syndiome after uwradiation de- 
pends on the metabolism structure and the biological 
function of nucleic acids It was on this basis that I 
investigated the effect of DNA on the irradiated organism 
These exporiments have given positive results The work 
of D Kanazir*-* has shown that DNA and RNA admı- 
stered after exposure to Jethal X-irradiation protects 
adult madiated orgamsms Spleen and hver DNA have 
proved to be most effiment Histological analyses of the 
spleen, bone mairow®, digestive tract, liver!® and the 
adrenal gland"! made by D Kanazr et al showed that 
damage to lethally irradiated and DNA treated animals 
18 less than m the controls Other authors have also 
shown that nucleic acids administered after lethal irradia- 
tion imerease the survival percentage of rats, mice and 
bacteria}?-4 

The toxie effect of these natural products after short 
treatment is minimum 

The literature, however, does not provide any data on 
the restorative effect of DNA on anunals irradiated ın the 
infant period 

I have mvestigated whether homologous testes DNA m 
sexually mature rats and mice exerts influence on the radia- 


tion syndrome and the survival of rats and mice irradiated 
dunung the infant period 

White male Wistar rats and C57B1 male mice 8 and 17 
days old were used in the experrments The animals 
were exposed to an X-ray dose of 600 r A Siemens 
Stabilipan apparatus was used under the following condi- 
tions 200 kV, 14 mamp, alumimium 3, 150 r/min ata 
target distance of 46cm The anmals were irradiated in 
wooden. boxes and were then returned to their unirradiated 
mothers 

Immediately after radiation the animals were treated 
with DNA oxtracted from the testes of sexually mature 
animals (25 months old) The extraction was performed 
by the Zamenhof method Each irradiated malo 
animal was administered the quantity of DNA extracted 
from one pair of testes It was myected intraperitoneally 
m fractions for 48 h ‘The first fraction was myected 
immediately after irradiation 

Fig 1 shows the results of the survival of rats irradiated 
at early ages 

The amount applied per 1at varied fiom 0 940 to 1,300 
mg 

Rats, 8 days old, irradiated and tieated with DNA 
(after wradiation) showed. a, 75 per cent {+7 0) survival. 
while only 8 per cent (+2 3) of untreated controls survived 


br /8 d/ 
eür ind / 
Or + DNA /8d/ 
600r + DNA 117 df 


Survival (per cent) 
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irradiation, the survival effect was observed in 82 treated, 
animals and 100 contiols This indicates that DNA 
1educes the radiation effect by a factor of 8 7 (P < 0 001) 

Rats, 17 days old, wradiated and treated with DNA 
showed a 70 per cent (+3 4) survival, while the controls 
showed. 37 per cent (+3 5), the effect was observed m 79 
treated animals and 100 controls DNA reduces the effect 
by a factor of 2 (P < 0001) 

Fig 2 shows the ioestolative effect of testes DNA on 
the survival of mice uradiated in the infantile penod 

The amount of DNA was 1,500 mg 

The results obtamed show that DNA myected into 
nuce uradiated at the infant stage also conditions a high 
degree of survival 

(1) In aradiated-treated 8-day-old mico the survival 
was 95 (= 4 per cent) and ın controls ıt was 60 (+7 3) 


per cent, the number of animals was 40 and 100, r.espec- ` 


tively Tho results are statistically significant {P < 001) 
(2) Mice which were 17 days old at the moment of 

niadiation and were tieated with DNA after irradiation 

showed a 76 (+3) per cent survival Controls of the same 
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age showed a 23 (+90) per cent survival, 58 and 80 
animals, respectively, were observed These results are 
also statistically very significant (P < 0 001) 

These results show that the admuustration of testes 
DNA increases the percentage of survival in both rats 
and mice in the infantile period These results aie, there- 
fore, more rehable because these two types of anunals 
do not react in the same way Namely, 8-day-old rats ae 
more sensitive to radiation and their percentage of survival 
is lower, whereas 17-day-old rats are more resistant and 
their percentage of survival is higher The behaviour 
of mice, however, ıs quite different 17-day-old mice ae 
more sensitive than 8-day-old ones We also observed 
this phenomenon m our experiments with mice to which 
we gave chemical protectors!’ 

Quastler also found that 1l-week-old mice are more 
resistant to radiation than adult animals According to 
Ingbaru the sensitivity increases in the course of the first 
weeks of life, reachmg the maximum one month after 
birth, and shghtly decreasing in the following weeks” 
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CHEMOSTATIC REGULATION OF APPETITE IN SHEEP 
By J. M. HOLDER 


Agricultural Research Station, Wollongbar, New South Wales 


HE presence of hypothalamic centres associated 

with regulation of voluntary intake of food has been 
clealy demonstrated m many species' There 1s still 
considerable conjecture as to the mechanisms by which 
the so-called ‘appetite’ (lateral hypothalamic) and ‘satiety’ 
(ventro-medial hypothalamic) centres are, ın the short 
term, stimulated or depressed Various suggestions have 
included the mnfiuence of specific dynamic action of food 
eaten’, of osmotic effects of the diet®, of sensory impulses 
from the digestive tract’, and the concentration of certain. 
metabolites in the blood passing through the brain 
centres’ 

Although evidence availableë:™:8 suggests an ımportant 
role for glucose utilization by hypothalamic centres in 
monogastric appetite control, there is httle to suggest 
that alterations m the level of this metabolite will be of 
importance in ruminants Blood glucose-levels in normal 
cattle and sheep are remarkably constant with litle 
fluctuation associated with feeding? Manning et al 1° 
produced significant mcreases in the blood sugar of adult 
ewes by myection of 200-1,000 ml 50 per cent glucose 
solution m two equally divided doses, 60 mun apart 
However, in the 60 min followmg the second injection, 


the appetite of then ewes was not affected when compaied 
with controls They suggest that blood volatile fatty 
acids would be more hkely to influence hypothalamic 
centres ın the sheep because levels of blood acetate, 
particularly, rise following feeding and then gradually fall 
until the next meal! In support of this hypothesis, 
Dowden and Jacobson!", with contimuous mfusion over 
8 h of acetic acid, sodium acetate or propionic acid, 
produced highly significant depression m voluntary intake 
of lucerne hay by monozygous twin heifers durmg the 
infusion period Appetite apparently 1eturned shortly 
after the infusion ceased 

As part of an imvestigation of factors affecting tho 
voluntary intake of food by ruminants, the role of circulat- 
ing volatile fatty acids and of glucose in appetite regula- 
tion in the sheep has been assessed Merino ewes and 
wethers were trained to eat m 2h the food offered to them 
each day Intravenous infusion of test solutions usually 
commenced at least 2 h before the time the sheep would 
normally have been fed ‘To eliminate vaiation between 
animals in daily food mtake, each sheep served as 1ts own 
control, im receiving @ continuous infusion of normal 
salme on the day prior to or succeeding the test mfusion 
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Table 1 
Duration 
Series Sheep Weight Infusion infusion 
(kg) solution (mim) 
1 19 40 + N saline 210 
40% acetate 210 
29 313 N salme 210 
40% acetate 210 
2 3ş 43 4 N saline 210 
28% glucose 210 
3 4¢ 35 4 N saline 210 
40% glucose 219 
4 49 39 0 N salme 480 
40% acetate 480 
N saline 480 
5 5¢ 39 0 40% acetate 480 
N saline 480 
40% acetate 480 


Ali mfusions were given at the rate of 1/3 ml pe: min by 
® slow injection apparatus (C F Palme: Ltd, London) 
The effect on appetite of infusions of 25 or 40 per cent 
glucose or 40 per cent sodium acetate solutions over 
210-min periods ıs given in. Table 1 

On no occasion was there any apparent effect on 
voluntary intake caused by infusion of the glucose solu- 
tions Blood glucose-levels did not 1each those achieved 
by Manning et al, but the continuous mfusion of 40 per 
cent glucose produced venous levels appioximately twice 
the normal values during most of the feeding period 
Sodium acetate infusions ove: 210 min did not pioduce 
a fall in intake despite blood volatile fatty acid levels 
almost three times the normal range This result 1s quite 
the opposite to that obtamed by Dowden and Jacobson 
with then heifers, despite the ielatively far greater 
quantity of acetate infused into the sheep 

There was a possibilty that the experimental sheep 
in bemg trained to expect then feed at a fixed time each 
day may have had the action of eating sufficiently ‘m- 
printed’ to eat despite the raised levels of metabolite 
To examime this possibility sheep were offered lucerne 
chaff ad lkbitwm Weighing of residues and refeeding 
occurred daily at 0900h An infusion of 40 per cent sodium 
acetate commenced at feeding and contmuing for 8 h 
had no apparent effect on voluntary mtake ove: this 
period, m one series (No 5, Table 1) In a second series 


20 
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EFFECT OF INTRAVENOUS INFUSIONS OF GLUCOSF OR SODITM ACETATD ON APPETITE OF SHLEP 


Maximum plasma-level of 
metabolite achieved 
Volatile 


Feed 


Offered Consumed 


g) {g} Glucose fatty acids 
= (ing/100 ml }) (m mol/l ) 
600 lucerne All by 200 min 89 081 
+ 2C0 oats 
at 155 min 
All by 180 mm 60 2 22 
600 lucerne 570 by 270 min 65 0 88 
at 155 mon 
583 by 270 min 6-4 2 44 
800 lucerne 550 by 263 min 62 — 
at 1483 min 
; 790 by 263 nun 85 — 
800 lucerne 790 by 275 mm 69 — 
at 155 min 
As above at All by 270 mm 126 — 
150 mm 
1,500 lucerne 1,280 by 480 min — 1 62 
at 0 mun 


; 810 by 480 min -l 1 63 
i 940 by 480 mm me Not recorded 
1,500 lucerne 


640 by 480 mın ~ 1 89 
at 0 min 


; 630 by 480 mın wase 1 45 
he 960 by 480 min — Not recorded 


(No 4) there was a fall ın intake ove. the acetate infusion 
period, compared with the saline infusion the previous 
day However, a check salne infusion on the day 
following the acetate, produced a simula: fall m mtake, 
suggesting that the appetite depression was provoked by 
factors othe: than the acetate solution 

Two points should be noted here The high blood 
volatile fatty acid levels achieved in series 1, following 
acetate infusion, relative to those in series 4 and 5 are 
presumably due to the ‘explosive’ nature of volatile fatty 
acid production in sheep accustomed to eatmg quite 
lage quantities of feed ove: a short period Secondly, 
maxmum blood volatile fatty acid levels achieved by 
acetate infusion m series 4 and 5 are not greatly different 
fiom those produced duimg saline infusion However, 
it wes demonstiated (Fig 1) that acetate infusion achieved 
high levels within 1 h of the nfusion commenemg Similar 
levels were not achieved until 4-6 h after saline infusion 
commented These levels were presumably the effect of 
feed eaten by that time ‘ 

The reason for the disparity between present 1osults 
with acetate and those of previous workers" is not clear 
A species difference does not seem hkely It may be 
significant that an appreciable depression of food mtake 
was also recorded by these workers with the only othe: 
acid metabolite, propionic acid, infused m comparable 
quantities This metabolite 1s not normally present above 
trace-levels in the peripheral circulation, as 1t 1s converted 
to glucose in the liver afte: absorption from the rumen and 
transfer via the portal vem’? Yet a large: infusion of 
glucose had no effect on appetite This suggests that an 
unphysiological level of anion in the peripheral system 
may have inhibited appetite ın the cattle, although no 
data on blood levels achieved were presented 

The results mdicate that neither blood glucose level 
nor blood acetate level ıs a major facto: in regulatmg 
appetite in the sheep 

This work was conducted while I held a Commonwealth 
Post Graduate Scholarship ın the School of Rural Science 
University of New England, Aimidale 
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ACTION CURRENT AS A POSSIBLE SOURCE FOR THE NEGATIVE 
AFTER-POTENTIAL OF STRIATED MUSCLE 


By Prof. HOWARD JENERICK 
Department of Physiology, Emroy University, Atlanta 22, Georgta 


NSUFFICIENT evidence ıs at present available con- 
cernng the genesis of the negative after-potential 
which follows the spike response m striated muscle 
While it 18 fairly certam from measurements of the tıme- 
course, that the after-potential represents a passive 
electrotonie decay, the processes which determine its 
mitial magnitude are poorly understood Recently, 
analytical methods were developed for computing the 
trans-membrane ionic current which accompanies the 
propagated spike potential m the frog sartorius muscle 
fibre? It was felt that such results might aid ın elucidating 
the after-potential, and the following 1s a report of my 
findings. 

The propagated response 1s associated with a massive 
inflow of current which lasts less than 05 msec and 18 
followed by a smaller, outward current of several msec 
duration In the work recorded here, I measured the net 
uptake and loss of trans-membrane ionic charge caused by 
the inflow and outflow of the action current (Fig 1) 
Since charge is equal to the product of current x time 
(q = f Idt}, these measurements were made by planimetric 
integration of the area under the curve of the trans- 
membrane ionic current plotted against time The areas 
indicated in Fig 1 correspond to a net uptake, qi, of 6 4 
p moles/em? and a net loss, go, of 4 5 p moles/em?, leaving 
an unbalanced imtracellular charge (8g = gi — qa) of 
19 pmoles/em? Note that the outward current has 
declined virtually to zero near the end of the spike 
response (at 4-45 msec in Fig 1} Hence, the rapid 
outflow of charge ended approximately at the beginning 
of the negative after-potential Vn, before a complete 
exchange occurred 

Sample calculations showed that if the charge, repre- 
sented by òq, 1s distributed on the membrane capacitance 
Cu, & potential 1s generated which 1s of proper sign and 
approximate magnityde to account for the imuitial value 
of the negative after-potential, namely, Vn ~ 59/Cm 
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Fig 1 A propagated trans-membrane spike-potential traced from the 
original record and the computed ionic current are aligned in time for 
comparison The inward current (plotted duwnward) reaches its peak 
value before the maximum spike height 1s reached and reverses shortly 
thereafter Note that the outward current subsides markedly during 
the terminal phase of the spike potential and approaches the base-line 
before the imtial value of the after-potential is reached (Vn) Current 
magnitudes in m amp/em? of membrane are based on an assumed value 
of 5 #F/cm? for the membrane capacitance The areas undur the inward 
and outward current plots correspond toa charge uptake gi of6 4p moles/ 
cm’ and a logs, ga, of 45 p moles/em* 
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Ing 2 Effect of varymg Nat and K+ concentrations on the transient 
uptake (O) and loss ( @) of mtrace, lular charge (p.moles/cm?* of membrane) 
during the response as a function of the sprke-potential 


(Although our methods are not sensitive enough to detect 
any 1onie current durmg the decay of the after-potential, 
such current must occur to drain off the mternal charge ) 

A systematic study of the magnitudes of qi. qo, and 
particularly of 8g, was made to determine whether or not 
the foregoing relationship between charge accumulation 
and the muitial value of the after-potential was an acci- 
dental one In the initial series of experiments, I used 
Ringer’s fluid with the following variations sodium chlor- 
ide, 35-110 mM, potassium chloride, 1-5 mM, pH 7 2- 
74 No consistent increase or decrease, within the limits of 
error In gi, o or dg as related to the spike height (Vs), was 
observed (Fig 2) However, my methods for the determ- 
ination of charge may have suffered from a 5-10 per cent 
error mtroduced by the graphical analysis, and uf any 
changes did occur, they were possibly masked by these 
errors ‘There was some dependence of g; and q, on the 
spike potential magnitude, based on computations of 
26 separate responses (Fig 2) Note the vertical separa- 
tion of the data which indicates the magnitude of èg 
This gradually decreases with the spike potential, as does 
the after-potential However, these changes are too small, 
perhaps, to be convincmg When sodium chloride in a 
standard Ringer fluid was replaced by sodium nitrate, 
the spike potential magnitude and q; were unaffected, 
whereas the net charge loss, gẹ decreased by 20-30 per 
cent during the downstroke of the spike Since the 
mitial charge gain, gi, was unchanged, 8g = (qi — qo) was 
necessarily raised Simultaneously, the negative after- 
potential was increased by ~ 25 per cent in the mtrate— 
Ringer This gave encouraging evidence for the postulated 
role of ôg m the genesis of the after-potential 

The relationship of charge and the after-potential was 
further tested by using the pH of the Rimger fluid as an 
experimental variable, since ıt has been observed in our 
laboratory that acidic fluids (pH 5-6) markedly mereased 
and basic fluids (pH 9-10) decreased the initial value of 
the negative after-potential ın frog sartorius fibres 
While the charge uptake, g:, remamed unaffected by solu- 
tion pH, the charge loss, go, was significantly dumimuished 
in acidic fluids and enhanced in basic fluids Under these 
conditions the net accumulation (gain mimus loss) at the 
beginning of the after-potential varied between 4 land ‘zero’ 
pmoles/cm*?, whe the associated negative after-potential 
varied from 50 to 4 mV respectively (Fig 3) (Fig 3 
includes the data shown in Fig 2) The sohd hne m Fig 3 
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represents the predicted relationship Vn = 8¢/C, between 
ôq, the mitial value of the negative after-potential Vn, 
and the membrane capacitance C, chosen at 5 pF /em? 
The dashed lines are least-squares regression lnes of 8q 
on Va and vice versa Although the hypothesis requires 
that òg be the independent variable, Sg values are subject 
to a greater measurement error and have a greater varı- 
ance than Vn This m turn causes a clockwise rotation 
of the regression line of Vn on èq and tends to present a 
misleading picture of the relationship In the ceum- 
stance, both regression lines were calculated and mdicate 
& correlation coefficient, r= 086 All data for sg in 
Fig 3 he to the right of the predicted locus for capacito1 
charging They suggest that a constant ‘excess’ charge 
(= 8g — Vna/C) of 07-08 pmoles/em? is temporarily 
accumulated (regression of ôq on Vn), or that the excess 
18 2 constant percentage (~ 40 per cent) of the total charge 
accumulation (regression of Vn on ôq) While we cannot 
choose between these possibilities onthe basis of the experi- 
mental evidence, 1b seems permissible to conjecture, in 
any event, that the ‘excess’ charge is unavailable for 
capacitor charging by virtue of (1) a transient interaction 
with ionizable materials im the membrane or cytoplasm, 
and/or (2) a participation ın excitation-contraction 
coupling In the latter connexion, the increase of èq 
and the excess charge by nitrate-Ringer fluid is highly 
suggestive and warrants further investigation 

As described m the previous communication, trans- 
membrane current magnitudes are obtamed from an 
analysis of the phase-plane record of the spike-potential 
by means of the cable equation This results in determ- 
nations of the ratio, I/C (ionic current/membrane 
capacitance) atany selected point on the recorded response 
In this roport, these ratios were converted mto units of 
current/em* by assumption of a definite value (5 uF/em!) 
for the membrane capacitance It must be stressed that 
the capacitance enters Fig 3 only as a scale factor for the 
abscissa and that its actual value cannot change the 
observed relationship between the predicted locus and 
ôg, that 1s, smee Vn = 3¢/C and èq = f Idt, therefore, 
Va = f(Z/C)dt The right-hand member of this equality 
is Obtained directly by the graphical mtogration of the 
original calculations in (I/C) and 1s therefore independent 
of the actual value of the membrane capacitance (provided 
C does not change during the response) In addition, 
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Fig 3 The mitial value of the negative after-potential (Fn) from 52 


separate responses plotted as a function of the net accumulation of 

cationic charge, ôq, during the spike potential The solid line represents 

a predicted relation between the accumulated charge and the voltage on 

the membrane capacitance The dashed lines are calculated least- 
squares regression lines 


the analysis provides separately for the capacitativo 
current durmg the response Hence, ðq ıs independent 
of the ‘normal’ movement of charge on the capacitance 
and represonts an additional source serving to affect the 
capacitor potential 

The method described here does not reveal the mechan- 
ism by which the outflow of membrane i10ome current 1s 
terminated before a complete exchange of cationic charge 
is effected Since the amount of initial charge uptake, 
qi, 1s faurly constant under a variety of conditions, melud- 
ing pH, ıt appears that the main determinant of the 
magnitude of the net charge accumulation, ôq, 1s the degree 
to which the charge outflow Q, can equalize q, 

This work was supported by grant NB-03272 from tho 
US National Institute of Neurological Diseases and 
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DEVELOPMENT OF CHLOROPLASTS AND THE SYNTHESIS OF 
PROTEINS IN LEAVES 


By Dra M. J. C RHODES and Pror E. W. YEMM 


Department of Botany, University of Bristol a 


URING normal vegetative growth of higher plants a 
rapid synthesis of protems usually occurs in the 
young leaves As the mesophyll cells expand and differen- 
tiate, chloroplasts are formed from proplastids and there 
1s now much evidence that a major part of the leaf protem 
1s structurally held m the chloroplasts, amountmg im 
some species to 70-80 per cent of the total protem! In 
an oxtension of earlier studies of the biosynthesis of 
proteins ın barley seedlings*-*, a more thorough mvestiga- 
tion has recently been made of the development and 
metabolism of the first leaf When the seedlings ass:milate 
nitrogen, supplied as nitrate or ammonium salts under 
controlled conditions, most of ıt 1s transformed to protein 
in the shoot system A prelimmary mvestigation with 
wotopie nitrogen-15 mdicated that the plastid fraction, 
separated by differential centrifugation, rapidly became 
labelled with nitrogen-15 and had an isotopic abundance 


more than twice that of the microsome fraction® Par- 
ticular attention has therefore been directed to the 
development of chloroplasts m the expanding leaf The 
results so far obtamed indicate that the plastids are active 
centres ın which protein synthesis ıs closely associated 
with high levels of mbonucleic acids (RNA) m the young 
leaves Moreover, the pronounced effects of light on the 
formation of proteins suggest that there is a close relation 
between protem metabolism and photosynthetic activities 
of the chloroplasts 

(1) The changes of proteins and nuclerce acids un developing 
leaves When barley seedlings are grown under controlled 
conditions m the light, the first leaf emerges from the 
coleoptile after 3 days The leaf blade mecreases rapidly 
in sive, its fresh weight and dry weight reaching fairly 
steady values after about eight days Etiolated leaves, 
grown in continuous darkness, expand rather more slowly, 
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Fig 1 Changes of proteins, RNA and DNA during the development of the first leaf of 


barley seedlings grown in the light (left) or in the dark (might) 
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but 1cach a smia maximum sizo after about nine days 
Analytical data have been obtained to show the changes 
during development of some of the chief constituents of 
the leaves, including protems and nuclere acids For this 
purpose, nucleic acids were separated by a modification 
of the procedwe of Schmidt and Thannhauser®, RNA 
was estimated after chromatogiaphic purification of the 
nucleotides on an 10n-exchange iesm Some of the results 
of an experiment, in which normal and etiolated leaves 
were compared, are Ulustrated in Fig 1 

A rapid inciease of RNA occws during the first phase 
of leaf development After reachmg a maximum when 
the leaf is about half grown, the RNA content then falls 
to a level less than half that of the peak The sequence 
and magnitude of these changes are very similar both ın 
green and in etiolated leaves Deoxyribonucleic acid 
(DNA) ıs present in much smaller amounts than RNA, 
its imerease during leaf development follows a more 
regula: course which roughly parallels that of leaf growth 
The most rapid formation of protems occurs durmg the 
early stages of development when RNA ıs mamtained at 
a ielatively mgh level But substentially gieater quan- 
tities of protein are formed in the light than m the dark 
a difference which is further emphasized by the’ loss of 
protein from the etiolated leaves as they mature One 
of ow: piimary objectives in these experrments has been 
to relate the synthesis of proteins and other constituents 
to leaf development and, in particular, to changes m tho 
structure and activity of the chloroplasts 

(2) The composition and structure of plastids The fine 
stiucture and development of chloroplasts, meluding 
those of barley leaves, have been extensively studied by 
electron microscopy, several accounts have been given of 
the chief stages in the formation of the highly organized 
structure of the pigmented grana and colourless stroma’?-® 
On the othe: hand, much less 1s known of the composition 
of plastids and the way in which the main structural] 
components, such as piotems, lipids and nucleie acids, 
change during differentiation An attompt was made 
therefore, to correlate changes m stiucture and com- 
position by exammung plastids separated from leaves at 
different stages of development In this way ıt was also 
possible to estimate to what extent changes in the com- 
position of the leaves were attributable to the difforen- 
tiation of plastids 

Analyses of cell fractions, separated by differential 
centrifugation from young leaves, have shown consis- 
tently that a substantial part of the total RNA ıs sed1- 





Samples of about 50 leaves 
were taken at each stage, and extracted exhaustively with ethanol, ice-cold 5 per cent 
The died powder was subdivided for estimation of RNA 
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mented with the plastids by 1elatively low 
centrifugal forces Purification of the 
‘plastids, ether by washing at the centri- 
fuge or by sedimenting on a_ sucrose 
gradient, mdicates that 20-30 per cent of 
the total RNA im the cell fractions of 
homogenates prepaied from 4-day-old 
leaves ıs held ın the plastids High values 
of RNA in the plastid fraction have also 
been reported for young leaves of other 
species and for some algae!®1! However 
many tests with barley leaves have shown 
that the partition of RNA between the 
different cell fractions is strongly ın- 
fluenced by the conditions under which 
the separation 1s carried out If pre- 
parations are made at pH 70, 01 above 
o1 are treated with deoxycholate a 
greater proportion of the RNA ıs re- 
covered m the high-speed fractions and 
unde: extreme conditions most of ıt 1e- 
mains mm the supernatant solution It 
is probable that these changes result fiom 
the dispersion and leachng of nucleic 
acids from the plastids and other cell 
fractions, similar processes are now known 
to cause extensive losses of protem fom 
chloroplasts during ther separation in aqueous systems! 
For comparative purposes, ıb ıs necessary to standardize 
the conditions of giinding and centrifugation as fully as 
possible Table 1 summerizes an exporiment in which 
the distribution of piotem and nucleic acid was exammed 
in cell fractions separated from noimal and fiom ctiolated 
leaves at different stages in then development 
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Table 1 PrRoTFIN AND RNA IN CELL FRACTIONS 0t 


ETIOLATED LFA ES 


NORMAL AND 


(4) Protem (ugN/leaf) 


ractions Taght Dark 
6-da 13-day 7-day 13-d u 
1 Plastıds 56 5 49 0 31 2 16 7 
2 Mitochondiia and grana 17 3 15 4 15 0 11 4 
3 Microsomes 13 4 57 185 9 4 
Total (1-3) 87 2 70 1 627 37 o 
Total/leaf 260 234 197 144 
% Recovery 34 30 32 26 
(B) RNA (ugNileaf) 
Fractions ight Dar 
6-d iy 18-day 7 day 13-dar 
1 Plastids 24 08 27 13 
2 Mitochondria and giana 14 0 4 19 09 
3 Microsomes 39 190 5 9 28 
Total (1-3) 77 22 10 5 50 
Total/leaf 21 4 70 210 13 0 
% Recovery 36 32 50 38 


Samples of 50 01 more leaves were ground in cold 0 4 M sucrose buffered 
at pH 65 (5 ml /g tissue) Cell debris was removed by ‘Tery lenc’ gauze and 
centrifugation at 365g for 5 mm Fractions were then separated by centi1- 
fugation at 0° Cas follows (1) 5,000¢ for 10 min, (2) 40,0009 for 15 mm 
(3) 75,0009 for 90 min Examonation by Iight and electron mucroscops 
mdicated that the chief components of the fractions were (1) intact plastids 
(2-54), (2) mitochondria and grana (0 5-1u), (3) microsomes (0 1-0 2) 

Separate analyses of total protein and RNA in the leaves were made and 
the recovery 1n the fractions 1s shown 


It ıs evident fiom the results that the protein content 
in. the plastid fraction of normal leaves ıs much greater 
than that of etiolated leaves, other cell factions show 
relatively little difference between leaves grown in the 
hght o in the dak Having regard to the probable loss 
of pioteins by leaching fiom separated plastids, 1t seems 
hkely that the development of chloroplasts largely 
accounts for the greater formation of proteins im the hght 
On the othe: hand, the changes of RNA ın the leaves 
appear to be fairly evenly distributed between the different 
cell fractions The relatively gh levels of RNA in the 
fractions from etiolated Jeaves 1eflect the comparatively 
slow loss of total RNA during the late. stages of develop- 
ment in the dark In general, the data mdicate that the 
high levels of RNA in the young expanding leaves extend 
also to the plastids, in which a rapid formation of struc- 
tural proteins is closely associated with the development 
and differentiation of chloroplasts in the hght 
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Electron microscopy has been used to investigate 
cellular differentiation in the leaves with the main object 
of correlating the changes in their composition with the 
development of plastids. For this purpose leaf tissues 
were fixed either in permanganate or osmic acid, embedded 
in ‘Araldite’ and sectioned in a Huxley-~Cambridge miero- 
tome for examination in a Philips HAZ 200 electron 
microscope. The development of plastids in the light or 
in the dark diverges at an early stage in the expansion of 
the young leaf. Conspicuous primery lamelle are rapidly 
formed in the light and they appear to arise either from 
small vesicles or from irregular extensions of the inner 
component of the plastid membrane. In 4-day seedlings 
after 24 h exposure to light the differentiation of 
grana can be seen; the older cells near the tip of the 
leaf contain many plastids with a few grana consisting 
of 3-6 disks closely associated with the primary lamella. 
while young cells at the base of the leaf have smaller 
plastids in which single grana disks are apparently present. 
alongside the lamelle. An illustration of cell and plastid 
structure at this early stage of development is given in 
Fig. 2. In comparable leaves grown in the dark, the 
lamellar structure of the plastids is much less conspicuous ; 
commonly numerous small vesicles are seen which show 
some arrangement into layers, but as the plastid develops. 
a dense reticulate or vesicular structure, the prolamellar 
body, is formed in the central part. The fairly frequent 
oceurrence of constricted and dumb-bell shaped plastids 
indieates that their division continues at this stage in 
both normal and etiolated leaves. 

During the period of rapid leaf growth (days 4-7) in 
the light, the plastids increase in size and complexity. 
so that when the leaf blade is fully expanded all the 
mesophyll cells contain well-differentiated chloroplasts. 
This involves about a five- to ten-fold increase in volume, 
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Fig. 2. Electron-mierographs of young cells from leaf of 4-day seedling 

after 24 hin the light (fixation in 2 per cent oe 30 min 

at O-4°C). 4, vacuolating cells containing numerous qlastids © 

plastids (p), cell-wall (c.w.), nucleus (2), vacuole (v) ; B, typical plastid 

at this stage showing large starch vacuole (5), primary lamella {p4} 
and rudimentary disk formation alongside (d) 
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Fig. 3. The photosynthetic activity of young leaves, Measurements ol 
carbon dioxide exchanges, shown in the lower part. of the figure, were 
made on groups 40-50 seedlings in the dark (@) or in the light (©) 
(about 1,000 ft. candles) at 22-5°+1°C. Photosynthetic assimilation 
(@) (estimated by difference between consecutive light and dark values) 
is shown here, together with chlorophyll content (+) measured 
spectrophotometricadly at 665 mu after extraction in ethan! 


compared with typical plastids at day 4, and a major 
part of the structure is taken up by grana commonly 
consisting of 8-10 disks with irregular interconnecting 
lamellae, similar to those already described". A dominant 
feature of the development of the chloroplasts appears 
to be an extension and organization of specific lipoprotein 
membranes and this coincides with the increase of chloro- 
phyll and proteins indueed by light. 

(3) Photosynthetic activity of young leaves. ‘The forma- 
tion of chlorophyll, probably at first by a photochemical 
conversion of protochlorophyll#, occurs in the leaves 
within a few hours of exposure to light; the possibility 
is indicated that photosynthesis may play an important 
part in the metabolism of young leaves at an- early stage 
in their development. However, it is well known that in 
some seedlings normal photosynthesis may lag behind 
the formation of chlorophyll. In our experiments we 
have therefore obtained some further information on the 
photosynthetic activity of leaves grown under these 
conditions. The seedlings were germinated in glass 
chambers through which a steady stream of air could be 
passed and its carbon dioxide content monitored by 
means of an infra-red gas analyser. Measurements were 
made over short periods (30-60 min) alternating in the 
dark and in the light, and thus provided a sensitive method 
for detecting the effects of illumination on the carbon 
dioxide exchanges of the seedlings. The results of one of 
the experiments, in which estimates of the chlorophyll 
content of the seedlings were also made, are shown in 
Fig. 3. 

An appreciable effect of light on carbon dioxide pro- 
duction was found consistently after illumination for 
4-6 h of 3-4-day-old seedlings. The effect increased fairly 
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steadily so that a compensation point between respiratior 

















It is uncertain to what extent these results can be 


ka attributed simply to the photosynthetic assimilation of 


--¢arbon dioxide. There is now evidence that respiratory 


and photosynthetic processes may interact at intermediate 
levels, such as the oxidation-reduction, phosphorylation 
or carbon substrate systems of the cell, 
Coments, in which labelled carbon dioxide was used as 
o tracer, suggest that the chief products of seston 
_. during greening of etiolated leaves are amino-acids, such 
< > 88 aspartic and glutamic acids, together with malate; 


Some fase 


formation of sugar phosphates and full operation of the 


hs ‘photosynthetic cycle seem to require longer exposure to 


light'*. Despite these uncertainties, the data for develop- 
ing barley leaves indicate that photosynthetic activity 
>is an important feature of leaf metabolism during tho 
phase of rapid differentiation of the chloroplasts. The 
rudimentary grana, rapidly formed in the plastids in the 
light, seem to be active at least in primary photochemical 
reactions and within about 48 h the coupling with normal 
carbon dioxide assimilation is effective. 

(4) Chloroplasts and the synthesis of proteins. It is 
generally considered that light has an indirect effect on the 
synthesis of proteins in plants as a result of the formation 
of carbohydrates by.carbon dioxide assimilation. There 
are, however, soveral lines of evidence that indicate a 
more direct coupling between photosynthesis and the 
metabolism of amino-acids and proteins in leaves. The 
early investigations of photosynthesis with “CO, demon- 
strated that amino-acids such as alanine and aspartic 
acid are among the first compounds to become labelled’, 
and this has been confirmed more recently with cell-free 
preparations of chloroplasts**. When ammonia is supplied 
to algal cells during the assimilation of “CO, a major 
part of the radioactivity is recovered in amino-acids", 
rather than in sugars and sugar phosphates, while kinetie 
investigations strongly suggest that a relatively inde- 
‘pendent pool of amino-acids is maintained in the chloro- 
plasts which could account for moro than 60 per cont 
of the synthesis of proteins in the cells**, The action of 
ammonium salts as reversible uncouplers of photophos- 
phorylation in the Hill reaction*! and as inhibitors of 
carbon dioxide assimilation®? may be important in relation 
-to the photosynthesis of amino-acids. In leaves there is 
some evidence that intermediates of photosynthesis, 
rather than carbohydrates, are diverted to the synthesis 
of proteins especially in the young chloroplasts, and 
light. promotes the incorporation of amino-acids labelled 
with carbon-14 into proteins**. The presence of amino-acid 
activating enzymes in chloroplasts has been indicated 
together with the possibility of a coupling with photo- 
phosphorylation by means of adenosine triphosphate”, 
Other data which suggest that proteins may be synthesized 
in ilhiminated chloroplasts have been briefly reported and 
reviewed**, Recently, strong evidence has been obtained 
that the synthesis of fatty acids also occurs in chloroplasts 
and is dependent on photophosphorylation??-**. It is 
therefore probable that the synthesis of both lipids and 
proteins, two of the chief structural components of chloro- 
plasts, is closely related to photosynthetic activity in 
developing leaves. 

On the other hand, there is evidence that light may 
influence the size and protein content of the plastids of 
some etiolated leaves by mechanisms other than those of 
normal photosynthesis. In leaves of bean (Phaseolus 
vulgaris), in contrast to barley, light has an important 
morphogenctic action on leaf expansion; relatively brief 
exposure to red light causes the lamina to develop as well 
as changes in the plastids**. But it is evident that. pro- 


: =o to that of chlorophyll content, but there: was: evidenie of Th 
- an increase in the officiency of the pigment system, since 
the ratio of assimilation rate to ehiorophyll content rose 
from a value of 0:25 after 12 h to 0-36 after 80 h. 


synthesis. in chloroplasts. is 


riged oxposure to light is necessary for the differentia- 






A ada 
of ‘partieilar interest R 
regard to the control of their development and the induc- 
tive action of light. Distinctive ribosomes “have been == 
isolated from chloroplasts of spinach? and of Huglena*®, = © 
The RNA of Euglena plastids has a base composition = 
different from that of the microsomes: moreover, the ae 
formation of this distinctive RNA is induced by light and `> 
precedes the increase of proteins associated with the 
differentiation of chloroplasts**. In young barley leaves 
the relatively high level of RNA during protein synthesis 
does not appear to be greatly influenced by light, but the 
possibilities of changes in base composition have not yet. 
been fully explored. With regard to the metabolism of —- 
nucleic acids, additional evidence for the presence of DNA  =0 3 
in the chloroplasts of some algae and higher plants > 
has recently been reported*.** and may have an important _ 
bearing on the mechanisms underlying the genetic 
autonomy of plastids and the control of their differentia- 
tion. 

The hypothesis of a relatively independent mechanism 
of protein synthesis, closely coupled with the photochemi- 
cal activities in developing chloroplasts, is consistent with 
many of the observations we have so far made with young 
barley leaves. It is probable that the mechanism is 
particularly active during the development of grana and 
other lamellar structures of the plastids and that a phase 
of protein synthesis precedes that in which carbohydrates 
are the chief stable products of photosynthetic assimila- - 
tion of carbon dioxide. A more critical test of this hypo- 
thesis is now being made by means of labelled meta- 
bolites. 

We thank the Agricultural Research Council for the 
award of a research studentship to one of us (M. J.C. R.). 
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LETTERS TO THE EDITOR 


ASTROPHYSICS 


Deficiency of Metals in Population II Stars 


In a recent communication under this title Bashkin! has 
attempted to explain the deficiency of heavy elements in 
Population IJ halo stars by aigung that a separation 
between neutral atoms and ions 1s possible through electro- 
magnetic means and that, since the 1omzation potentials 
of the metals are in general low, they will be confined to 
the disk while the neutral atoms can diffuse into the halo 
This proposal can be severely c1iticized on several grounds 

(1) Abundance analyses which were not available at the 
tıme of Bashkin’s commumication have now been com- 
pleted for several extremely metal-poor stars?3? These 
analyses are of considerably higher accuracy than previous 
work because the stars are relatively bright and spectra of 
high dispersion were utilized In Table 1 we list abun- 
dances of various elements, representative of different 
1onization potentials, in metal-poor stars After each 
element we list the first and second ionization potentials, 
since the second ionization 1s probably important for 
some elements Finally, we list the logarithm of the ratio 
of the element to hydrogen minus the same quantity for 
the Sun, and the source of the data. The abundances are 
probably accurate to a factor of 2 and are surely better 
than to a factor of 3 We have listed only a few elements, 
each of which 1s representative of a certain first or second 
ionization potential Abundances of numerous other 
elements are listed in the references, most of the other 
observable elements have first iomzation potentials 
between 6 and 8 volts they generally show the same 
deficiency as does iron except for some heavy elements ın 
HD 122563 which behave like barmm 


Table 1 IONIZATION POTENTIALS AND MEASURED ABUNDANCES RELATIVE 
TO THE SUN 
Ni 
First Second Log Nr 
r1oni7ation ionization 


Element potential potential Log Ni, Source 
(eV) (eV) Ws 


0 136 36 0 ~17 TY Vir and SX Her (ref 3) 
<~17 3 metal-poor giants (ref 2) 
C 11 2 243 ~20 HD 140283 (ref 4) 
Fe 78 16 2 ~30 HD 122568 (ref 2) 
-27 HD 165195 and HD 221170 
(ref 2) 
~20 AD 140283 (ref 5) 
~17 TY Vir and SX Her (ref 3) 
Mn 74 15 6 ~33 3 metal-poor giants (ref 2) 
Ca 61 118 -275 3 metal-poor giants (ref 2) 
Ba 52 10 0 -4 75 HD 122563 (ref 2) 
— 2 90 HD 165195 and HD 221170 
(ref 2) 
Na 51 47 1 ~ 295 3 metal-poor giants (ref 2) 


Bashkin predicts that elements with large 1onization 
potentials should behave as does hydrogen. We note 
from Table 1 that oxygen, which has almost exactly the 
same ionization potential as hydrogen, shows the same 
deficiency as iron in the two variable stars T Y Virginis and 
SX Herculis? In the three metal-poor red grants? oxygen 
was not discussed in the original paper because the lines 
could not be found and hence only an upper limit could be 
sot on the abundance This upper limit, however, ıs 1/50 
of the norma] ratio of oxygen to hydrogen Carbon has the 
second largest ionization potential in Table 1 and was 
found by Baschek to have the same deficiency as iron mn 
the metal-poor sub-dwarf HD 140283 (refs 4.5) Sodium 
has the lowest ionization potential and shows the same 
deficiency as does ron Calcium and barium have such 


a 


res 


low second ionization potentials that they are mostly 
doubly ionized in interstellar space, but the ratio of 
calcium to iron 1s normal in metal-poor stars as 1s barium 
except in HD 122563 in which barrum and other elements 
from strontium to europium are deficient by a factor of 
50 more than is ron 

Next we point out that manganese, the ionization poten- 
tial of which is within 0 4 eV of that of iron, ıs deficient 
with respect to iron by a factor of 3 This strange ratio of 
manganese to iron 1s found in numerous metal-poor stars, 
To illustrate these arguments we use all the data for the 
two metal-poor red giants, for which we have abundances 
of the largest number of elements, in Fig 1 


2 HD 122563 
_ © HD 165195 


pea errors allowed by data 





First ionization potential (eV) 


Fig 1 


Finally we direct attention to the B-type star in the 
galactic halo, BD+33°2642, studied by Traving? He 
found this star to be deficient ın carbon, nitrogen, oxygen, 
magnesium and silicon by factors of 5-10 with no correla- 
tion with the first ionization potentials which range from 
7 6eV for magnesium to 14 5 eV for nitrogen 

(2) We wish to pomt out that all metal-poor stars were 
not formed in the halo Of the three extremely metal- 
poor red giants discussed here, two (HD 122563 and HD 
165195) have very small velocity components perpen- 
dicular to the galactic plane? The sub-dwarf already 
mentioned, HD 140283, 1s also moving in a highly elliptical 
orbit, but its motion perpendicular to the plane 1s small 

The points discussed here concern the observations 
Further objections can be raised on theoretical giounds 
against the proposed hypothesis 

(3) It 18 implied ın Bashkin’s first paragraph that ions 
will be confined to the galactic disk where there 1s 4 
magnetic field, and neutral atoms will not However, the 
evidence from the halo radio emission indicates that the 
magnetic fields extend into the halo region and there 1s no 
reason for believing that the magnetic field configurations 
of disk and halo are closed and separate If a single on 
could be given a velocity sufficient for ıt to be ejected into 
the halo, there is every possibility that the magnotie field 
connexion between disk and halo would allow this to 
occur 

(4) For any separation of the type proposed in Bashkin’s 
first paragraph it 1s necessary for an atom to be given 
an outward velocity of several hundred kilometres a 
second No mechanism for doing this ıs proposed other 
than a comment that particles ın the high-velocity tail 
of a Maxwell-Boltzmann distribution may have high 
enough velocities However, if the interstellar materal 1s 
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composed of cool clouds with temperatures ~ 100° K and 
1omized clouds with temperatures ~ 6,000° K, the evapor- 
ation of particles with these energies 18 negligible 

(5) Bashkin seems to assume that the interstella 
medium can be considered as made up of single particles 
moving ın magnetic and gravitational fields However, ıb 
must be stressed that it can only be considered as a con- 
tinuous medium contaming a valety of energy sources 
which is acting under gravitational and magnetic forces 
That the viscous forces are strong is shown by the fact 
that only a very small ionized component of the gas 18 
sufficient to couple the magnetic field to the neut:al com- 
ponent®*, Thus the picture of single atoms migrating into 
the halo ıs unrealistic 

Bashkin also remarks that the abundance of helium in 
Population II stars 1s incompatible with the nucleosyn- 
thesis theory However, it has been shown elsewhere" 
that this 1s not so 

We conclude that Bashkin’s proposal 1s unacceptable, 
and that the usual explanation ofthe abundance differences 
among stars as bemg due to the processes of nucleo- 
synthesis and stellar evolution ıs to be preferied 

This work has been supported in part by the Office of 
Naval Research, the National Aeronautics and Space 
Administiation and the National Science Foundation 
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Beikeley Astronomical Department, 
University of California 


E MARGARET BURBIDGE 
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THE objections raised by Wallerstein and Burbidge to 
my proposals are themselves subject to question 

(1) The accuracy quoted by Wallerstein and Bui bidge 
for the abundance measurements exceeds or ignores the 
claims of the original authors Thus Wallerstein et al} 
mention (maximum) errors of a factor of 4 ın the (Fe/H) 
1atio for HD 165195 and AD 221170, end a factor of 2 for 
HD 122563 For the other elements cited by Wallerstein 
ard Burbidge, an additional error of a factor of 3 1s given 
by Walerstem et al 1 in the (element/iron) 1atio These 
errors omit the effect, possibly large and in the direction 
to reduce the under-abundances, of the contribution of 
Raleigh scattermg to the opacity)? Deutsch? in par- 
ticular has found that the apparent under-abundance of 
the metals ın Mura stars ıs reduced from a factor of one 
hundred to one of three when Raleigh scattermg is con- 
sidered Baschek?® indeed finds carbon to be deficient ım 
HD 140283, bus his result is a factor of ten higher than 
that of Aller and Greenstein‘ and he notes that a change of 
100° K ın the assumed effective temperature causes the 
deduced carbon abundance to vary by a factor of 17 
Baschek’s result® on the abundance of nickel m HD 
140283 differs by a factor of five from the value obtamed 
by Aller and Greenstein Wallerstein et al} state that 
the data on elements from strontium to europium are so 
scanty that any theoretical treatment must be cautious 
The alleged? under-abundance of manganese ielative to 
iron 18 to be viewed with reserve because of discrepancies 
between authors For example, for HD 140283 Bascheks 
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gives [Mn/Fe] as +051, while Aller and Greenstein‘ give 
+001 One must iemark that a small systematic error in 
Wallerstein’s results® on [Mn/Fe] could account for his 
under-abundance of manganese, and futher work on this 
porat would be helpful ‘The foregoing uncertamties m the 
data cannot be neglected in attempts to interpret stellar 
abundances 

The relevance of Traving’s B star’ is not understood 
Smee that star is almost certainly far younger than the 
galaxy, 1ts chemical composition 1s not simply related to 
the mutial condition of the galaxy It is entirely reason- 
able that young, isolated, halo stars should be deficient m 
all elements more massive than helium simply because of 
gravitational attraction between those elements and the 
disk What is surprising about BD + 332642 is that the 
hehum content 1s normal? This evidence that uncon- 
densed matter in the halo is heltum-normal may be further 
Justification for the idea presented in my original com- 
munication that ionization and the galactic magnetic field 
significantly affect stellar compositions in the halo region 

The statement that Burbidge’ has satisfactorily 
explained the (He/H) ratio in Population IT stars seems 
to me to be in serious error He emphasizes the dıs- 
crepancy between the observed (He/H) ratio (017) and 
that calculated (0019) on the assumption that all the 
galactic heliwmm was built out of hydrogen in stellar 
interiors and lists four different, speculative hypotheses to 
account for this divergence One of his suggestions leads 
to the conclusion that stars of small mass should have 
abnormally low (He/H) ratios This ıs apparently con- 
tradicted by Traving’s work’, on Barnaid’s stai, which he 
finds to have a mass of 02 M, but a (He/H) ratio only 
half normal 

(2) Of the stars mentioned by Wallerstem and Bui bidgo 
in the preceding communication, only HD 165195 1s 
definitely not a halo star, but no evidence ıs advanced that 
this star was formed near the galactic plane 

(3) Certainly the original galactic field extended into tho 
halo region Equally certainly, that field had a gradient 
and a time-dependence which could have contributed the 
disk-ward force I suggested Lynds and Sandage’ have 
shown how, under some conditions, a galactic magnetic 
field can, very effectively channel the motion of galactic 
matter It would be interesting, if observationally 
possible, to look fo. element differentiation in M 82 
According to my model, the filaments should be rich in 
metal and poor ın helium The coupling between 1ons and 
neutral paiticles by virtue of collisions and induced- 
charge effects 1s an important point My o1iginal com- 
munication noted that charge exchange could occu and 
that the magnetic field would be effective only for such 
time as a given pai ticle was actually ionized 

(4) I reiterate that the normal (He/H) ratio in Popula- 
tion II stars and the vutual identity of the (metal/H) 
ratios for young and old stars in the galactic disk present 
an unsolved problem in the theory which attiibutes all 
stellar abundance differences to stellar nucleogenetic 
processes 

I thank Miss Barbara Middlehurst for useful discussions 


VoL 200 


STANLEY BASHKIN 


Department of Physics, 
University of Aiizona, 
Tueson 


t Wallerstein, G , Greenstem, J L Parker, R , Helfer, H L, and Aller, 
H , Astrophys J 187 280 (1963) 


2 Deutsch, A J, Observatory, No 932, 83 28 (1963) 
3 Baschek, B , Z Astrophys , 56 207 (1962) 


4 ae a , and Greenstem, J L , Astrophys J, Supp No 46, 5, 139 


°*Baschek B, Z Astrophys , 48, 95 (1959) 


‘Wallerstein, G <Astiophys J, Supp No 61, 6, 407 (1962) and preceding 
communication 


™Traving, G Astrophys J 185, 488 (1962) 
8 Burbidge, G Ann Rev Nuclear Ser ,12, 507 (1962) 
? Lynds, © R, and Sandage A R Astrophys J , 187, 1005 (1963) 


‘ity 


NO 4911 


December 14, 1963 
GEOPHYSICS 


Lunar Tides in the Equatorial Electrojet and 
in the Ionosphere over the Magnetic Equator 


AN abnormally large value of the solar daily range of the 
horizontal magnetic intensity, H, found at stations within 
a few degrees from the magnetic equator: has been ascribed 
due to eastward electric currents flowmg in the lower 
ionosphere durmg the dayhght hours and known as 
equatorial electrojet? A longitudinal effect ın the 
strength of the electrojet with a maximum ın the American 
zone has been shown by Rastogi? 

Bartels and Johnston? showed the existence of abnor- 
mally large lunar tidal effects ın the range of H at 
Huancayo I (ef 4) showed that the enhancement in the 
tidal effects ın the range of H ıs confined, within a few 
degrees. around the magnetic equator very simular to the 
equatorial electrojet I have also demonstrated a longi- 
tudinal effect ın the lunar tides in range of H+simuilai to 
that in the equatorial electrojeté 

The existence of enhanced lunar tidal effects in the 
eritical frequency f,/, of the F, 1egion of the ionosphere 
confined within a few degiees around the magnetic equator 
similar to the latitudinal variation of electrojet strength 
has been shown®” The amplitude of lunar tide in faf, 
over the magnetic equator was largest in American inter- 
mediate in African and least in Indian zones, which 1s 
very analogous to the longitudinal variation of the equa- 
torial elect: ojet 

To study further the iclations between the lunar tidal 
effects in fF, and in the electrojet analyses of midday 
(11—13 h mean) values of fF, at Huancayo over the years 
1938-46 plus 1951~60 have been analysed by me and have 
been compared with the similai analyses of 1ange in H by 
Bartels and Johnston? 

In Fig 1 aie drawn the harmonic dials showing the 
seasonal variations in the coefficients of lunar semi- 
monthly variations in f,f, computed by me and in the 
range of H derived fiom Baitels and Johnston’s’ paper The 
phese of luna: tide 1s denoted in terms of luna: age when 
the maximum positive deviation 1s obtained The data 
covering the period 1938-46 and 1951-60 are used for 
fol’, and 1922-39 for 1ange of H Each pomt is thus 
derived fiom about 20 Iunations Probable e1or circles 
ac diawn to show the statistical significance of each 
deteimination It 1s seen that the errors are much smaller 
than the amplitude and each of the determmations may 
be taken as significant 

There ıs a remarkable similarity ın the seasonal varia- 
tions of the luna: tidal effects in the fF, and the range of 
H The change of the amplitude of lunar oscillation in 
both /, J", or m iange of H fiom then greatest values in 
January to then smallest values m June or July is quite 
marked The total change of L, amplitudes between the 
two seasons are 0 56 Mc/s and 19y for fF, and the range of 
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Tris 1 Harmonie dials showing the coefficients of lunir semi-month); 
orenlalions in fofa and im the solar daily range of H durmg different 
months at Huancayo 
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H respectively The sum of probable errors in the smallest 
and, largest values of L, amplitudes ıs 0 06 Me/s and 5y 
The difference of L, amplitudes 1s thus about 5-10 times 
the sum of the probable errors 

Fuither, there is a systematic shift of the phase of L, 
oscillation with season for both f,F, and range of H, the 
ciest of the wave occurring earher in June-July than im 
January The difference of phase between the L, oscilla- 
tions in fof, and range of H for any of the particular 
months, 1s very nearly 6 h, indicating an antiphase 
relationship between the two oscillations 

The seasonal and latitudinal variations ın the luna 
tidal oscillations in fF, close to the magnetic equator 
demonstrate a very close association between the higher 
regions of the ionosphere and the equatorial electroyet 
situated in the lowe: portions of the ionosphere The 
exact mechanism of such an association 1s still to be worked 
out A fuller pape: describing the lunar variations in H 
end fF, at Huancayo will be published later 


R G Rasrocr 
Physical Research Laboratory, 
Ahmedabad, 
India 
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SEISMOLOGY 


Seismo-magnetic Effect and the Possibility 
of Forecasting Earthquakes 


THE existence of a correlation between magnetic dis- 
turbances and seismic activity has been suspected fox 
nearly a century, but so many of the early observations 
were due solely to the mechanical vibration of magneto- 
meters by seismic waves that when Lapma! reviewed the 
subject in 1953 she concluded that no effect had been 
satisfactorily demonstrated However, sufficient evidence 
had been accumulating in Japanese literature to justify a 
renewed examination of the problem 

The approach of Japanese scientists was summarized 
by Kato and Takagi", who compared magnetic surveys 
before and after earthquakes and plotted differences 
which they associated with the seismic activity They 
presumed that the magnetic effects were due to thermal 
changes accompanying the earthquakes since a local rise 
in the Curie pomt isotherm (depth at which the tempera- 
ture 1s equal to the Curie point of the dominant magnetic 
mineral) demagnetizes a certain volume of 1ock and causes 
a change of field at the swface However. the requued 
movement of the isotherm 1s much more rapid than 
thermal diffusion will allow 

The thermal explanation 1s untenable, but its accep- 
tance has delayed recognition of the fact that seismomag- 
netic effects must be due to the piezomagnetic properties 
of rocks the magnetizations of which change reversibly 
with the stress applied to them Kalashnikov’ appears to 
have been first to consider seriously the piezomagnetic 
properties of rocks He initiated laboratory experiments, 
the most significant of which aie those of Kapitsa?, who 
found that the susceptibilities of typical basaltic type 
rocks were reduced in the dnection of an axial compiession 
by 08 x 10*to13 x 10-4 per l ke/em? of stiess, and 
increased by iather less than half this amount m the 
thansveise direction Using these results, Kalashnikov’ 
calculated possible magnitudes of sersmo-magnetic effects, 
but he made very unfavourable assumptions about the 
geometry of the stressed rocks in the region of an earth- 
quake and his conclusion was discomaging The maximum 
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change he expected, of the order 0 5y (05 x 10-5 cersted), 
is scarcely observable 

More recently the controversy over the influence of 
plezomagnetic effects on paleomagnetism has led to 
renewed investigation of prezomagnetic effects in rocks 
The theory of the subject recently reviewed by me‘. but 
still not entirely adequate, shows that susceptibility x 
and thermoremanence Ir, measured in the direction of an 
axial compression o kg/cm?, are reduced by the stress 
approximately as 


ld 
. 7 a6 11 x 10- em?*/kg 
1 d7 


In the transverse direction magnetization ıs increased by 
nearly half these amounts 

These figures allow a direct calculation of the surface 
magnetic field anomaly due to any distribution of stress m 
magnetic rocks The piezomagnetic moment of any 
element of rock due to shear stress across a fault which 
makes an angle ọ to the direction of magnetization 18 an 
meremental moment AJ, the magnitude of which 1s repre- 
sented by the foregoing equations and the orientation of 


which is (209 + 5) the alternative signs representing right- 


lateral and left-lateral faults 

The pattern of shear stress release due to transcurrent 
movement at a shallow earthquake, opicentred at (0 0) in 
(x, y) co-ordinates, expressed as a fraction of the stress og 
at the origin. can be conveniently represented by a simple 
analytical expression of the form 


o 1+ y? — a a 


o (Fy + a) 

the stress being assumed constant along any vertical Ime 
By numerical integration of the dipole law of force the 

magnetic field at the surface. due to a distribution of 

dipoles corresponding ın strength to the intensity of the 
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Fig 1 Intensity contours of the change in vertical component of 

Magnetic field arising piezomagneticall) from movement along an 

cast west fault Figures on contour lines give the ratio of change in 

field to the vectorial change m magnetization at the pomt of maximum 
stress mtensity 
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Fig 2 Contours of change in vertical field derived from magnetic 
surveys before and after an carthquake at Riku-U,Japan Figure taken 
from the paper by Kato and Takagi (ref 2) 


stress, can be calculated for any field component and for 
any orientations of magnetization and fault movement 
In Fig 1 the anomaly in vertical field due to movement 
along a fault duected magnetire east-west is plotted, 
assuming that the horizontal component of magnetization 
in the rock is directed to the magnetic north Its mmu- 
larity to the vertical field anomaly of the Riku-U earth- 
quake, plotted by Kato and Takagi? and reproduced in 
Fig 2, ıs obvious, although the Riku-U measurements 
were made more than 60 years ago and were too lunited to 
give more than an mdication. 

The magnitude of the magnetic changes 1s determined 
by the intensity of magnetization of the rock and intensity 
of the stress released, both of which may be very variable 
Considerations of earthquake energy release mdicate that 
100 kg/em? ıs @ reasonable value to assume for the maxi- 
mum shear stress release, so that maximum. changes of 
3 per cent ın remanence and I per cent in induced magnet- 
ization are to be expected Magnetic anomalies of 10y 
(10-4 cersted) to 100y (10-8 cersted) are then expected m 
regions where the remanence of underlymg igneous rock 
is 103 EMU to 10? EmU A surface layer having a 
lnlometre or so of non-magnetic sediments scarcely affects 
this result 1f the magnetic rock extends to a depth of 
about 25 km P 

Such anomalies are readıly observable Further, an 
earthquake must be preceded by a build-up of stress, 
normally over a period of months, and the magnetic 
effect must therefore give a pre-indication at least m many 
cases? The possibility of forecasting earthquakes on this 
basis deserves urgent consideration because magnetic 
instruments of the required accuracy are cheap. simple and 
rehable A weekly survey of the total magnetie field, 
using @ proton precession magnetometer with a second 
one a8 a base instrument for comparison may well be 
sufficient to mdicate the location of an impending earth- 
quake with considerable accuracy 

More extensive calculations of seismo-magnetic anom- 
ales are in preparation for publication 
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GEOLOGY 
' Geological Effects on Surface Waters in Natal 


->o o Durie the course of a hydrobiological survey of the 
aa Umgeni River, Natal, it was found that the dissolved 
inorganic material in various tributaries of the main 
river showed characteristic differences in composition. 
It was considered that these differences arose from the 
fact that tho tributaries drained catchment areas formed 
from rocks of different geological formations. This was 
therefore investigated further. 

Five pairs of streams in Natal were selected, care being 
taken to ensure that the water of each stream was unpol- 
_ duted, that the catchment of each stream was geologically 
“homogeneous and that the two streams of each pair were 

geographically far apart. One pair of streams drained 
_... Beaufort rocks, one Eeca rocks, ono Dwyka rocks, one 
_. Table Mountain Sandstone and one outcrops of basement 
- granite, so that the principal geological formations of Natal 
were all included in the investigation. Samples were taken 
from each of the ten streams during the dry and the rainy 
Seasons and. biological checks were made during the dry 
< geason to confirm i the absence of pollution. Each of the 
: twenty water samples thus obtained was analysed for the 
-Major inorganic solutes and the results were expressed in 
such a way as to eliminate the effects of mere dilution or 
concentration, This was accomplished by finding the 
a total of the concentrations, in p.p.m., of calcium, mag- 
— nesium, sodium, potassium, carbonate, sulphate, chloride, 
and silica (the concentration of carbonate used here being 
= a conventional value obtained by multiplying by 0-6 the 
total alkalinity expresed as p.p.m. of calcium carbonate) 
_. and expressing each concentration as a percentage of that 
total. 
It was found that the analyses of the streams of each 
-pair then showed close similarities and differed character- 
istically from those of the streams of other pairs. Thus it 
_ was concluded that the differences between the pairs were 
: and diie to erenc in geology. 
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having hi gher proportions of sodium and å chloride, althougt 

no ready explanation of this has yet been found. The 
waters from Dwyka rocks show these features also, 
together with a lower proportion of silica and a very much 
higher concentration of total dissolved solids. It is 
thought that these characteristics arose from the presence 


in Dwyka formations of tillite made up of relatively = 
unweathered rock fragments which are only n now w being Pree 







exposed to the effects of weathering and leac 
confirmation of this view arises from the fa 
figures assumed for waters from younger re cks { 
to Recent), which are also relatively un veathe 
rather similar to those obtained for Dwyka 
These results are proving very useful in est 
background for the interpretation of water ani oh 
in the course of later river surveys. ern. 
F. Hasik Kemr 
Natal Regional Unit, a E 
National Institute for Water Research, 
Durban, South Africa. 


A Mid-Labrador Sea Ridge 


J.T. Witson? has recently speculated on the presence of 
a median ridge extending through the Labrador Sea and 
up Baffin Bay. He suggested that ite presence had not 
been noted because of insufficient sounding data, and that 
its presence could be verified by additional sounding data. 

Although the Labrador Sea is not the best-sounded area 
of the world oceans, there are sufficient observations to 
determine that no obvious ridge exists. There are, how- 
ever, several isolated peaks along the centre of the sea 
which suggest the presence of buried topography of some 
magnitude*, 

During 1960 and 1961 joint cruises were made in the 
Labrador Sea by C.N.A.V. Sackville, under the jurisdiction 
of the Atlantic Oceanographic Group. of the Fisheries 
Research Board of Canada, and R.V. Vema of the Lamont 
Geological Observatory of Columbia University. The 
research programmes during these eruises were varied 
and included oceanographical, biological, geological, and 
geophysical investigations. | 


Table J 


Latitude Longitude Latitude Longitude Velocity ikm.) 
A (km/se A B 
4 


Station 


159-160 56-38 N. 62-01 W. 57-01 N. 61-31 W. 1:49 B43 B44 
1-98 0:96 6°97 
3-20) 293 01°33 
oar S84 219 
Tü 

161-162 58-31 N. 49-19 W. 59-05 N. 48-37 W., 1-49 B41 3-23 
1-05 PSL 174 
5-54 O68 2°32 
ToB 


As a part of the 1960 programme, four seismic ref raction 
profiles were observed in the deep part of the Labrador 
Bea ( > 3,000 m) on board thet two vessels. The a and te a 





results of these bava. are given in Tab and. 
indicate that the structure beneath the bottom of ‘the l 
Labrador Sea is not that of tho typical ocean basin but 
more closely resombles that found by Ewing and Ewing? 
along the Mid-Atlantic Ridge. There was no indication of — 
a ridge-like feature in the echo-sounding records from the 
two vessels, however, the major topographic feature being 


the extension of Mid-Ocean Canyon No. 1 (ref. 8), after- 2" 
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the rook ee is aard eet Gaal ‘the: ‘sedimentar 
cover and in these areas it is not possible to detect the 
rock surface beneath it. As the geographical centre of the 
Sea is approached, the rock surface (5-5 km/sec) apy i 
on the profiler records and in each case the maximurn - 
elevation of this surface is very near to the geographical. 
centre of the Labrador Sea. Along the northern line it 
still buried beneath about a kilometre of sediments while 
to the south it appears above the surface in several places: 

Possible extension of this ridge north and south is 9 
difficult to verify. It may swing around the tip of Green- © > 
land to join the Mid-Atlantic Ridge. There are a few. 
isolated peaks indieated. on the bathymetric chart? which eas 
might. represent the highest points of buried topography. = 
On the other hand, it may just die out and disappear. 
To the north, a shallow (400 m) sill separates the Labrador > 
Sea from Baffin Bay. Lg phases from earthquakes have > 
been observed to propagate across this sill!*. If continental 
structure is required for propagation of lg phases, then 
the ridge as such must terminate against this sill and its- 
continuation farther north is questionable. If, on the 
other hand, lg phases will propagate through a buried 
ridge structure, then the ridge may continue into Baffin 
Bay. : 

The symmetry of the Labrador Sea ridge, midway pe- 
tween North America and Greenland, suggests a common 
mode of origin with the mid-ocean ridge system. There 
are, however, some significant differences. No distinctive 
magnetic anomaly, such as is frequently found over the 
rift in the middle of the mid-ocean ridge, was observed 
and only a few earthquakes have been recorded from this 
area? These facts, plus the depth of burial of the ridge 
by sediments and its lower elevation, suggest that the 
Labrador Sea ridge developed at an early geological time 
and that its development ceased before it reached the mid- 
ocean ridge stage. 

We thank the naval personnel and scientific parties of 
Sackville and Vema for their co-operation. This work was 
supported by the U.S. Office of Naval Research and the 
U.S. National Science Foundation and by the Fisheries 
Research Board of Canada, Royal Canadian Navy, and. 
Dominion Observatory of Canada. Hat 
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_ New Zealand Mid-Tertiary Stratigraphical 
Correlation 
_. THE apparent absence of certain stratigraphically 
portant planktonic Foraminifera from the Australian 
d New Zealard Tertiary rocks has made it difficult to 
_, correlate these sequences with the more tropical Tertiary 
= Seguences!. A recent examination of rocks from the 
_ North Auckland region of New Zealand has yielded what 
appears to be a warmer water fauna. 
One of the most important short-ranging species in the 
_ well-documented Trinidad Oligocene-Miocene section is 
_ Globorotalia kugleri Bolli?. In New Zealand, Hornibrook? 
= Yecorded, possible specimens of this species from the 
_ Kopuku section, south of Auckland City, from rocks of 
have yielded definite specimens of G. kugleri. Samples 
ightly older than this have yielded specimens of Globi- 
ciperoensis ciperoensis. 
- The initial appearance in time of Globigerinoides trilobus 
_ (Reuss) has until recently been placed at the base of the 
Awamoan stage‘; but there is slight evidence that it ae 
start a little earlier than this, possibly in the top of the 
 Otaian®. This level would be approximately equivalent 
to the top of the G. kugleri zone in Trinidad (Fig. 1)” 
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Fig. 1 Correlation of the New Zealand stages with the planktonie 


foraminiferal zones of Trinidad 


< Eames, Banner, Blow and Clarke® have correlated the 
 Waitakian~Awamoan rocks in New Zealand with the 
stainforthi zone of Trinidad. The recent discover y of 
definite G. kugleri in. Otaian rocks shows that this is 
completely wrong. There is therefore very little evidence 
for their hypothesis, which shows a large disconformity 
below the Waitakian Stage in New Zealand. 
_ With further work, now in progress in New Zealand on 
the Tertiary planktonic Foraminifera, it is hoped to 
_ establish a more accurate correlation of the Tertiary with 
< rocks elsewhore. 
n D. GRAHAM JENKINS 


New Zealand Geological Survey, 
Lower Hutt. New Zealand. 
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PHYSICS 


ee < Charge Transfer associated with Temperature 
oo Gradients in Ice 

“deviation at temperatures above — 7°C from the 

for the charge transfer produced by 

dients in ice is shown to be a surface 









predict that when a steady 
iT is maintained across a uniform 
1 difference of magnitude 
Vis developed between its ends. This equation 
by applying temperature gradients to cylinders 
ice and was verified for temperatures below 















NATURE 


cleaned before they were fixed to tungsten roi 


oe: 
£ 
“vain 


cal 
arm 
pon 


charge tranafer 


to surface effect (per cent) 


tn 
Suited’ 
ape 


dneressed 


due 
[E 
ae 


H 





o 10 


Surface/volume ratio (em~) a 
Fig, 1. Effect. of the surface-volume ratio. on the potentials developed. 


nerass jee by steady temperature gtadients: (temperature: of colder- 
end of ice cylinder = —7° Cy o 00 


won od 
~7°C,. Above this temperature, however, the measured 
potentials were greater than those predicted. 00 oi 
In order to discover whether the accentuation of the 
potentials developed across the ice as the temperature of 
its warmer end approached 0° C was a surface-dependent 
phenomenon or not, the experiments were repeated for 
cylindrical specimens of ice of different: surface-volume 
ratio. Curves obtained of V against AT for different 
values of this ratio are shown in Fig. 1. It is seen that as 
the ratio increases so does the divergence from the 
theoretical value. Although the accuracy of these experi- 
ments was not very great it is evident. from the figure 
that if the straight lines are extrapolated back to zero. 
surface-volume ratio they tend to pass through the origin. 
that is, showing that the divergence at high temperatures 
is solely a surface phenomenon, corresponding to an. 
additional transport of charge along a surface layer having 
a larger variation of conductivity with temperature than 
the bulk ice. It is not possible to calculate the thickness 
of such a layer, since both its conductivity and its 
concentration of mobile ions are unknown. 7 
Wey! has suggested that the molecules on the surface 


of ice aro disarranged and that this distortion extends a 


finite thickness into the ice. The thickness and adhesive 
properties of this ‘liquid layer’ vary with temperature in 
a similar manner to the divergence of the temperature- 
gradient potentials from the foregoing equation, but at 
present there is no direct evidence connecting these two 
surface properties of ice. 


J. LATHAM 


Department of Physics, ee ae 
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Epitaxial Growth of Silicon by Vacuum 
Sublimation 
SINGLE crystal layers of silicon up to several p thick o 
have been deposited on to a heated single crystal silicon ~ 
substrate from a sublimating source. We believe we can 
grow good epitaxial crystals at a lower growing tem- 
perature than previous experiments' by reducing the 
growth rate in a good vacuum free from contamination. 
Silicon slabs of about 18mm x 1-5 mm. x 05mm and 
18mm x 3mm x 0-5 mm were used as the source and the 
substrate, respectively, with which ‘preferably {111 
planes were used. They were cut, ‘polished, etched è 






tantalum clips so as to face the widest surfaces about 








Fig, 1. Electron diffraction ee of silicon epitaxially grown 
at 830° 





Fig. 2. Interference pattern saa vat the thickness of the epitaxial 
eposi 


10 mm apart from: each other and sealed in a quartz tube 
which was evacuated with a Nippon Electric Co. Vac-lon 
pump to as low as 10-3-10-° mm mercury. After a good 
vacuum was attained, both the source and the substrate 
‘were directly heated at 1,250° C for about 1 h by flowing 
a.c. current to the silicon slabs to bake out the adsorbed 
gas on the surfaces and to etch the substrate in order to 
get a clean surface’, which is essential to obtain good 
epitaxial crystals. 

"While the temperature of the source was kept at 1,200° 
¿C for about 100 h, at which the sublimation rate is about 
1 x 10-7 g/em? (ref. 3), that of the substrate was main- 
tained at various temperatures to observe the growing 


- eonditions. It was easier to grow shiny and flat epitaxial 


crystals at higher temperatures. 

-By keeping the substrate at 830° C for 50 h, we obtained 
a deposit about 2y thick and the grown film was examined 
by electron diffraction at the electron energy of 100 keV. 
Fig. 1 shows the diffraction pattern revealing Kikuchi 
< lines, which is evidence of the good quality of the crystal. 
The thickness of the deposited film is measured at the 


i ‘edges of the substrate, which are masked with the tantalum 


clips with an interferometer. The interference pattern in 
546 mp of a mercury vapour lamp is shown in Fig. 2. 
=. Pin junctions with a maximum reverse breakdown 
voltage of 200 V have been obtained. The deposited 
layers of either n- or p-type were obtained, but the resis- 
tivity was not determined because the diffusion velocities 
of impurities* were comparable with the growth rate of the 
erystal, and the conventional bevelling and staining 
techniques were useless. 
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= : The advantage of epi r xial “gre wth by sublimation is 
found in the result of the slow 





slow growth rate, that is, growth 
at lower temperatures, which may lea 


¢ 1 to the epitaxial 
growth of silicon on other crystals such as germanium or 
gallium arsenide. So far the growth on germanium is 
unsuccessful, probably due to the incompletely clean 
surface of germanium. | 
I thank Mr. S. Sakuma for help with the electron 
diffraction, and Drs. Y. Ishikawa and K. Hayashi for. 
their advice. 
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Colour Centres in Sodium Cyanamide 


IRRADIATION of pellets of sodium cyanamide at room 
temperature with ultra-violet from a high-pressure 
mercury lamp, or with 2-MeV electrons, results in the 
formation of a number of absorption bands. The results 
are shown in Figs. 1 and 2. Looking at Fig. 1, the bands 
occur at 4250 A {band A) and 5000 A (band B). In 
addition there is a broad region of absorption around 
6500 A (band C) and the possibility of a weak band at 
3200 A (band D}. These bands bleach on heating, and. 
with A and B light. 

At higher temperatures (110° C) bands A and B are 
more intense after irradiation, while at 200° C thermal 
decomposition tan also occur, which itself gives rise to 
absorption bands'. Of these the bands at 3400 A and 
5000 A have been attributed to the presence of sodium 
produced by thermal decomposition. 
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Fig. 1. Effeet of ultra-violet irradiation at room temperature in a 
vacuum on the reflexion spectram of sodium cyanamide (standard 
comparison MgCO,). 1, Before irradiation; 2, after 2-5 h irradiation; 
3, after 0-5 h annealat 20°C; 4, after 1-5 h at 20°C; 5, after a further 
0-5 h plus lilumination with fight of wave-length 5000 A; 6, after a 
further 6-25 h plus illumination with light of wave-length 4250 A 
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The spectra shown in Figs 1 and 2 are simular though, 
in the case of irradiation with 2-MeV electrons, band D 1s 
stronger while band C is searcely resolved The intensities 
of A and B merease with dose, and tend to saturate, 
eventually forming a single band with a minimum at 
4500 Å The results are similar to the build-up of F 
centres ın sodium chloride? where the process of defect 
production 1s a two-stage one They are also simular to 
those obtained with sodium azide? 

Qualitative measurements showed that both ultra-violet 
and electron-wradiated samples gave rise to an electron 
spin resonance signal with a g valpe near 20, no such 
signal was observed m the case of unirradiated samples 
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The results suggest that bands A and B are due to 
colour centres of the F centre type Band C appears 
more pronounced at higher temperatures of radiation 
and comeides with a thermally mduced band The 
properties of the band suggest either impurity or aggre- 
gate centres as the type most likely to be responsible 
The D band 1s best observed at low temperatures (about 
— 100° C). since at high temperatures 14 may be masked 
by a thermally induced band at 3400 Å It occurs ın the 
wave-length region normally associated with electron- 
deficient centres, and is therefore attributed to an 
unspecified V-type centre 

It 1s not at present possible to give detailed information 
on the nature of the colour centres responsible for the A 
and B bands It 1s hkely, however, that they originate 
from photochemical decomposition in a manner analogous 
to sodium azide*, though in this case the efficiency of 
coloration 1s much less The experiments indicate that 
bands A and B are due to two forms of the same centre, 
and it ıs suggested that this ıs an #, centre which can have 
two orientations (sodium cyanamide ıs orthorhombic)! 
The R, centre would be formed from a divacancy in the 
manner 


0 OQ (R,or I’,*) 

g + 3e —> a a 
M J Sore 
A D YOFFE 
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Reflexion spectra of sodium cvanamide pellets irradiated with 2-MeV 
1, $ megarad dose, 2,5 megarad, 3, 15 megarad, 
4, 30 meyarad, 5, 60 megarad Irradiation was mtermittent to avoid overheating, 
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Nucleation of Gypsum Crystals 


HETEROGENEOUS nucleation is an important process, 
and the nucleation of ice crystals in particular has been 
extensively investigated. The nucleation of crystals of 

sum has a theoretical and industrial interest but has 
received little attention This communication presents 
some observations on the capavity of various substances 
to nucleate gypsum from solution 

The hydration of calcium sulphate hemuhydrate appears 
to be mitiated by the heterogeneous nucleation of gypsum 
erystals at favourable sites m mrxtures of 
calcium sulphate hemihydrate and water*-* 
It should be possible, then, to assess the 
nucleating efficrency of a substance from tts 
effect upon the rate of hydration 


eae "~ — 
i 


w yozin T T We have used the followmg procedure to 


determine the effect of various substances 
on the rate of hydration The material to be 
tested was added as a powder to 600 ml 
water, and then 100 0 g of finely divided cal- 
cium sulphate hemuhydrate was added 
slowly to the mixture After stirring for 30 
sec the paste was transferred to a Dewar 
flask The mixtures were made at 20 5° C 
The progress of hydration was followed from 
the increase m temperature and the justifi- 
cation for this procedure has already been 
given’ The effect on the rate of the reaction 
was assessed from the induction period and 
the position of the curve of log,,« plotted 
against tıme (« 1s the ratio of the increase in 
temperature divided by the final increase ın 
temperature) The mduction period was 
defined as the time taken for the rate of m- 
crease in temperature to reach 0 1° C/min 

Despite the fact that hydration 1s muitia- 
ted by the heterogeneous nucleation of 
crystals of gypsum, of the msoluble or sparmgly soluble 
solids tested other than gypsum itself only synthetic 
yFeO OH has been found to have a significant effect on the 
rate of hydration The materials tested so far melude 
ground glasses, silica, hematite, kaolinite, tale, and many 
other mmerals and solids that for various reasons were 
suspected of being able to nucleate gypsum 

The yFeQ OH used in the work was prepaied by 
oxidizing ferrous ammonium sulphate with potassium 
1odate and sodium thiosulphate’ X-ray diffraction 
yielded the pattern of yFeO OH and showed that the 
material was poorly crystalline Atomic absorption 
spectroscopy showed that the preparations were free 
from such quantities of sodium and potassium that could 
produce an acceleration of the rate by a mechanism other 
than that of increased nucleation ` 

An example of the effect of yFeO OH is shown in Fig 1, 
where log,.« 1s plotted against tıme for an unaccelerated 
reaction end for hydration in the presence of 005 g 
yFeO OH The induction period of the unaccelerated 
reaction was 16 min and that of the accelerated reaction 
wasl2mm Precipitated gypsum (0 5 g) produced almost 
the same results as the 05 g of yFeO OH Several 
preparations were tried and all were found to be effective 

Observations under the microscope were also made on 
aqueous suspensions of yFeO OH and calcium sulphate 
hemihydrate, and erystals of gypsum could be seen 
growing from the particles of ferric oxide monohydrate 

If epitaxy is occurring ıt would be expected that the 
spacings of the substrate and growing lattice would be 
similar withm certam lmrts* Both gypsum and yFeO OH 
have layers of hydrogen bonds in the 010 planes and 
perfect cleavages parallel to the 010 planes Seeing that 
the oxide has to be ground to render 1t suitable for experi- 
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Fig 1 Log, a plotted agamst time for 1060 g calcium sulphate hemi- 
hydrate and 600 mL. water (a) 050 gyFeO OH added, (b) no additive 
The induction period for (a) was 12 min and for (b) was 16 min 


ment, ıt ıs highly probable that there will be plenty of 
exposed (010) faces However, calculation shows that the 
agreement between the spacings of the two lattices is not 
such that the action of yFeO OH ıs obviously due to 
epitaxy on the 010 plane, which would seem to be difficult 
to reconcile with the experimental facts for another 
1eason A mechanism of this type would result in the b 
direction of the growing gypsum crystals being perpen- 
dicular to the surface of the substrate, and growth m the 
b direction 18 slow If, indeed, orientated overgrowth of 
gypsum on faces of the microcrystals of yFeOQ OH ıs not 
occurring n mixtures of calc1um sulphate hemihydrate 
and water, topographicel features such as steps on the 
surfaces of the grains of yFeOQ OH may be providing 
favourable sites for the development of gypsum nuclei 
We thank Mr © Lancuck: fo: the X-ray examination 

of the samples of yFeO OH 
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X-ray Intensity Statistics of a Pair of Related 
Crystals 


WE have been investigating the problem of the proba- 
bility distributions connectod with the X-ray mtensities of 
two crystals Two ideal situations may be considered 
(a) when the two crystals are fully .elated, that 1s, when the 
atoms in one form a part of the atoms m the other, (b) 
when they are unrelated, that 1s, when the atoms in the 
two structures are in entirely different positions It 1s of 
course assumed that the two unit cells are exactly the 
same or very neatly so When a protem crystal and its 
heavy atom derivative form an isomorphous pair, they are 
1elated in the foregoing sense, and the present mvestigation 
has resulted in the formule which could be used to test 
the isomorphism of such a pan of crystals The term 
‘relatedness’ 1s used in preference to ‘isomorphism’ for the 
moire general concept, following the ‘suggestion of some 
senior crystallographers 

We consider a pair of crystals, one contamimg P, and 
the other N, atoms (P < N, N = P + Q) Probability 
distribution functions can be derived for several variables 
connected with Fy and Fp, the structure amplitudes of 
the two crystals Specifically, three such have been con- 
sidered, namely, the normalzed difference 


_ w= (|Fy| ~ |Fpl)/or 
the normalized product 
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Z = |Fy||Fpl/onop 
and the normalized quotient 


On 
(Fyon) |Fn| op 

where cp and cy are the root mean square intensities of the 
two crystals, that is, op? = <|Fp\*> and ay? = 
<|Fy\|*> 

The functions P(w), P(Z) and P(v) all depend on whether 
the crystal ıs centrosymmetric o1 non-centrosymmetric 
Two situations have been considered in either case (a) 
when the crystals are related, and (6) unrelated, and 
detailed expressions have been derived in every case 
These are not given here, but only some of their properties 
wil be considered It may be mentioned that the formu- 
læ were derived on the assumption that the number of 
atoms in the crystals is large, so that the asymptotic dis- 
tribution may be utilized for each crystal 

All the expressions contain a parameter o,°, defined by 
o? = op*/sy*, which is the ratio of the mean intensities 
due to the P atoms and the N atoms It 1s also the mean 
fractional contribution to the mtensity of the N-atom 
crystal from the P atoms in the related case 
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Fig 1 Theoretical probability distribution function P(w) for the 

related and unrelated case im a centrosymmetric civstal, corresponding 

to 9,2 = 09 The crosses are observed data for the pair of crvstals, 
caffeine and theophylline 


Of the three variables w, Z and v, the distiibution 
functions of the first and the third, namely P(w) and P(v), 
widely differ between the related and the unrelated cases > 
These functions can therefore be used to test for related- 
ness AS an example, the function P(w) 1s shown in 
Fig 1 for the two cases, corresponding to a value of o,? = 
09 It will be noticed that the curve 1s much sharper in 
the related case than in the unrelated case The data for 
P(w), for the pair of ciystals, caffeine! (CsH,,.N,0,H.O) 
and theophylline? (C,H,N,O, H.O) which differ only by a 
group CH, and which have very nearly the same unit cell 
dimensions and therefore expected to be isomorphous, are 
indicated by crosses It will be seen that these results 
fall in between the cmves for the related and unielated 
cases, showing that the isomorphism is not exact 

In fact, ıt 18 possible to define a quantity ‘“‘degiee of 
relatedness” (or “isomoiphism’), y, fo. such cases by the 
formula 


q = SE? obs Z SH > ura 


<W>rel — <W> unrel 


which will make y = 0 for the unrelated case and 100 per 
cent for the elated case For the pair of crystals already 
mentioned, y proved to be 38 per cent, showing that the 
isomorphism was far from exact <A similar test with 
protem crystals will be very valuable for testmg for 
isomorphism 
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The function P(w) can also be used to calculate the 
R-value which ıs to be expected when a part of the struc- 
ture (for example, the heavy atoms alone) ıs used for 
calculating the Fes This follows from the relation 
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where P(y) is the distribution function for a single crystal 
(centrosymmetric, or non-centiosymmetric, as the case 
may be), and is known A table of R as a function of 
o,? has been calculated for both the related and unrelated 
cases, and this has been found to be useful m checking 
whether the positions of the heavy atoms determmed are 
correct or not 


R 


et) 
By calculatimg from P(w) the integral P, =| P(w)dw, 


9 

that is, the fraction of reflexions for which w 1s positive, 
it is possible to put the intensity data of two isomorphous 
crystals on the same relative scale The dotails are 
omitted 

Thus, these statistical methods are found to have a 
number of applications to the study of isomorphous 
crystals However, ıt may be mentioned that the foregomg 
1esults correspond only to the type of isomorphism in 
which a small number of atoms are added to a crystal The 
extension of these studies to the case when the 1so- 
morphism ıs of the replacement type ıs possible and 1s 
under investigation 

G N RAMACHANDRAN 
R SRINIVASAN 
Department of Physics, 
University of Madras, 
India 
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Crystallographic Data of Two Seleno-urea 
Derivatives 


As part of an mvestigation of the crystal structure of 
several derivatives of seleno-urea, and a metal (palladium) 
the unit cell and space groups of a-benzoy] 6-pheny! seleno- 
urea and a-acetyl 8-phenyl seleno-urea have been de- 
termined 

(a) a-benzoyl B-phenyl seleno-wea Rotation and Weissen- 
berg photographs, taken with copper Kea radiation, 
showed that the unit cell 1s monoclinic with the dimen- 
sions a=19 97 + 003,b=5 11 + 003,c=13 15 + 003A, 
8=1040 + 03°. 

The space group ıs P2/¢ The observed density was 
16 gjem? in agreement with the calculated value 1 54 
g/cm® corresponding to four molecules of «-benzoyl 
B-phenyl seleno-urea per unit cell The absorption 
coefficient gave p=41 8 cm~! 

(b) a-acetyl B-phenyl seleno-urea Crystals are mono- 
elmic with the dimensions a=1026 + 003, b= 22 43 
+ 003, c=9 36 + 003 A, B=113 0 + 0 5°, deduced from 
rotation and Wessenberg photographs Copper Ka- 
radiation was used The systematic absences are O00 
for k odd and hOl for 2 odd, so that the space group 18 
determined as P2,/e The density measured by flotation 1s 
17 g/em* The calculated value for eight molecules per 
unit cell grves 169 g/em? The absorption coefficient for 
copper Ka-radiation 1s 3 6 cm~! 
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Detergent (Sodium Laury! Sulphate)-splitting 
Enzyme from Bacteria 


THe persistence of synthetic detergent compounds in 
treated sewage effluents and rural water supplies has 
become an imereasing problem! Several mvestigations 
have been carned out, using methylene blue colorimetric 
and manometric techniques, of the bhio-degradation of 
these materials by the mixed bacterial flora in sewage and 
river water? Payne and Feral? succeeded m isolating 
from benthonie soils two strans of bacteria, of which one 
could utilize lauryl sulphate and the other both lauryl 
sulphate and alkyl benzenesulphonate as sole carbon 
sources Investigation of detergent metabohsm at the 
enzyme-level has not yet been reported 

Alkyl benzene sulphonates constitute the major class of 
detergent ın use for household purposes and, therefore, 
play the greatest part m water pollution problems 
However, examination of the enzymatic degradation of 
these compounds 18 compheated by the enormous number 
of isomers to be considered On the other hand, alkyl 
sulphates are easily obtained in high purity without 
cross-contamination of isomers, imorganic sulphate, or 
other morganic substances By examining the mode of 
action of alkyl sulphate-destroying enzymes as a model, 
clues might be obtained to facilitate mvestigation of 
enzyme action on alkyl benzene sulphonates Because it 
is well known that detergents denature proteins, one 
wonders how a detergent-destroying enzyme could escape 
denaturation The vestigation recorded here was 
mitiated with these problems in mind 

With synthetic mmimal media contaimmg sodium 
dodecyl sulphate (SDS) as both carbon and sulphur source, 
a gram-negative bacillus was isolated from raw sewage 
water of the Baltimore Back River Sewage Treatment 
Plant (As proposed by Schwatz and Pewey, the term 
‘dodecyl’ will be reserved for the true C,, radical, and the 
term ‘lauryl’ for the mixed aliphatic radicals (mainly 
Cı and C,,) derved from coconut oil (Surface Active 
Agent, Interscience Publishers, Inc, New York, 1949) ) 
This strain could also utihze octyl, decyl, tetradecyl 
sulphate mstead of dodecyl sulphate (This senes of 
alkyl sulphate was kindly supplied by Dr R C Johnson 
of E I DuPont DeNemours and Co ) 

Detergent utilization was assayed by non-polar complex 
formation of detergent with methylene blue via chloroform 
extraction‘ As a product of enzyme activity, sulphate 
was measured with banum chloranilate® 

Bacteria were grown at 37° C in the synthetic medium 
with sodium dodecyl sulphate as cole carbon and sulphur 
source The cells were collected by centrifugation, washed 
with 0 14 M sodium chloride solution and disrupted in a 
French pressure cell® All the detergent-splitting activity 
remained in the ultra-centrifugal supernatant (110,0009 
for 90 min) and was not lost after dialysis. The enzyme 
preparation from cells adapted to SDS released sulphate 
from decyl- and tetradecyl-sulphate as well as SDS. That 
the enzyme (or enzymes) 1s formed adaptively 1s suggested 
by the observation that the same stram grown with 
citrate as carbon source did not yield preparations with 
these detergent-splitting activities The same conclusion 
was reached m manometric assays using non-growmg 
colls 

With SDS as substrate, the crude enzyme preparation 
consumed only 06 uM oxygen during the release of 
116 uM sulphate This suggests that oxygen does not 
participate in the release of sulphate and that the enzyme 
action 1s the hydrolysis of the sulphate ester Jmkage, the 
other product of this type of reaction would be dodecyl 
alcohol 

When the concentration of SDS exceeded 6 7x 10-7 M, 
enzyme activity was lost However, addition of bovine 
serum albumm permitted active hydrolysis of SDS at 
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Fig 1 Maucromoles of sulphate released ın i h incubation at 37° C from 
equal amounts of enzyme in varying ratios of total protem to sodium 
dodecyl sulphate (SDS) SDS concentration 0 01 M in 0 05 M tres-buffer 

E 8) contaimng 014 M sodium chloride to a total volume of 15 ml 


the higher levels of SDS The ratio of total protem to 
detergent was rather eritical, and excess of SDS destroyed 
the enzyme activity (Fig 1) 

Concomitant with the release of sulphate fiom SDS, 
protem precipitated from the reaction mixture It 1s not 
yet known whether this precipitation resulted from the 
release of denatured protem from a protein-SDS complex 
or whether the product of the enzyme reaction, dodecy] 
alcohol, effected ıt The latter 1s a possibility since the 
alcohol, when added to the system, results ın precipitation 
of protem It ıs also not known whether the true substrate 
of the enzyme ıs proten-SDS complex or free SDS ion 
equilibrated with such a complex 

In this connexion, Putnam and Neurath’ have demon- 
strated the formation of protem-SDS complex with 
mobilities mntermediate between those characteristic of 
the protem and SDS It is also estabhshed that SDS 
forms micelles at concentrations greater than 6-8 x 10- M, 
which are in equilibration with the free ions, the Jatter 
predominate at low concentration® Recently, Bigelow 
and Sonenberg® have demonstrated two different shifts m 
the ultra-violet spectrum of protem—SDS complex depend- 
mg on the concentration of detergent The authors 
suggest that the spectral changes are due to disruption of 
hydrophobic bonds mvolving tyrosyl or tryptophanyl 
residues 

The mode of action of SDS concentration below 6 x 10-3 
M ıs under investigation Our bacteria are utilizing the 
detergent below this level, at which considerable bacterio- 
static action 18 exerted on non-SDS utilizing organisms 

Acknowledgement 1s made to Dr Leonard H Frank 
for advice and suggestions and to Dr R C Johnson for 
supplying the alkyl sulphates I thank Dr © W Krusé, 
and Misses Beverly Jackson and Carole Beach for their 
help 
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Solubility in Water of C-C Hydrocarbons 


Tze solubilities in water of C-C, paraffin and branched- 
cham paraffin, 4 cycloparaffin, and 5 aromatic hydro- 
carbons have been determined using a gas-liquid partition 
chromatographic technique 

Because of their relatively high solubility in water, the 
solubilities of benzene, toluene, xylenes, ethylbenzene, and 
isopropylbenzene have been determmed by several 
workers” The solubilties of methane and ethane were 
determined by Winkler! in 1901 and substantiated by the 
work of Claussen and Polglase® in 1952 Claussen and 
Polglase also determined the solubilities of propane and 
normal butane However, the only solubility data for 
C, and higher paraffin hydrocarbons were those determ- 
ined by Fuhner in 1924 He cites values for normal 
pentane, hexane, heptane, and octane So far as is 
known, solubilities have not been reported for branched 
chain paraffin or cycloparaffin hydrocarbons 

With the development of the technique of directly 
injecting water samples into a gas chromatograph?, it 
is possible to determine the solubilities of hydrocarbons 
by a different technique from those previously reported 
Saturated solutions of various hydrocarbons m distilled 
water were prepared by either shaking vigorously on a 
reciprocal shaker or stirrmg several days with a mag- 
netic stirrer Phillips Petroleum Co 99+ per cent 
purty hydrocarbons were used 20-50 ml of mdividual 
liquid hydrocarbons were added to distilled water One 
atmosphere of the gaseous hydrocarbons was maintained 
over water during equilibration No attempt was made 
to maimtain the temperature closer than the 25°+1 5° C 
maintained by the air-conditioning system in the labora- 
tory Samples of the hydrocarbon-saturated water were 
obtained from beneath the hydrocarbon phase A:0 05 
ml or 010ml sample of the hydrocarbon-saturated water 
was directly mwnjected nto the gas chromatograph fitted 
with a suitable fractionator contamimg ‘“Ascarite’ or 
‘Drierite’ to absorb water The dissolved hydrocarbon 
released from the water passed mto the chromatograph 
column The concentration of hydrocarbon was determ- 
med by measuring the area under the chromatograph 
peak with a planimeter The hydrogen flame ionization 
detector was calibrated using known amounts of pure 
hydrocarbons 

Table 1 summarizes the solubilities of the saturated and 
aromatic hydrocarbons having from 1—9 carbon atoms in 
water at room temperature The measured solubilities for 
the aromatic hydrocarbons closely check those reported 
by previous workers The solubilities of o-xylene, ethyl- 
benzene, and isopropylbenzene are somewhat lower than 
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Table 1 SOLUBILITY IN WATER AT ROOM TEMPERATURE OF SATURATED 
AND AROMATIC HYDROCARBONS 


Solubility 


Hydrocarbon (g hydrocarbon ın 10° g water) 

This work Previously reported 

Methane g+ 244 + 10t 217(04 22 8(7) 

Ethane 4 604 +13 56 6 (6), 58 3 (7) 

Propane 5 624 + 21 87 0(7) 

-Butane 8 614 + 26 72 7 (7) 

Isobutane 6 489 + 21 

n-Pentane 12 885 +20 860 (5) 

Tsopentane 9 478 + 16 

n-Hexane 12 95 + 13 140 (5) 

2-Methyipentane 11 138 + 09 

2,2-Dimethylbutane 10 184 +13 

n-Heptane 293-4- 020 50 (5) 

2,4-Dimethylpentane 6 8 62+ 010 

n-Octane 6 066+ 006 14 (5) 

2,2,4-Trimethylpentane 6 244+ 012 

Cyclopentane 9 156 +9 

Cyclohexane 6 B50 + 23 

Methyleyclopentane 10 426 + 16 

Methyleyclobexane 8 1440 +412 

Benzene 10 1,780 «+45 8 1,740(1), 1,790 (3), 1,775 (4), 

1,74 , 1,730 (7) 

Toluene 7 538 +17 580 (1), 627 (3), 470 (5) 

o-Xylene 6 175 = 8 204 

Ethylbenzene 6 159 8 168 (2), 208 (3), 140 (5) 

Isopropylbenzene 6 53 45 73 (2) 


*No of determinations 
i Spender deviation of mean 
efs 
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Fig 1 Solubility in water of aromatic 0, cycloparaffin @, and 


paraffin O hydrocarbons as a function of ther molar volumes 


previously reported The solubilities of methane, ethane, 
propane, and normal butane are close to the values 
reported by Winkler, and Claussen and Polglase How- 
ever, the solubilities found for normal pentane, hexane, 
heptane, and octane are from 10 to 20 tumes lower than 
reported by Fuhner 

Lindenberg” proposed a relationship between the log 
of the solubilities of hydrocarbons m water and the molar 
volume of the hydrocarbons Using solubility data from 
the literature, he calculated constants for various saturated 
and aromatic hydrocarbons as well as for chlormated 
hydrocarbons If the log of the solubilities of the hydro- 
carbons in water 1s plotted agamst the molar volumes 
of the hydrocarbons, a straight hne is obtamed Fig 1 
shows such a plot for the saturated and aromatic hydro- 
carbons The molar volume vs log of the solubility 
relationship appears to hold for the saturated liquid and 
aromatic hydrocarbons However, as contrasted to Lin- 
denberg’s proposal, ail hydrocarbons do not fall on a 
single line Lindenberg used Fuhner’s solubilities for 
normal C,, Cs, C: and C,, and, as shown m Table 1, they 
are much too high ‘The results reported here plot as 
separate straight hnes The aromatic hydrocarbons have 
considerably higher solubihties for a given molar volume 
than do the saturated hydrocarbons 

The solubilitzes of the branched-chain paraffin hydro- 
carbons are higher in all mstances than for the normal 
paraffin hydrocarbons The mcereased solubilities appar- 
ently are not due to a structural feature of the molecules 
but to the higher vapour pressure (fugacity) of the branched- 
chain hydrocarbons If the measured solubility of each 
normal or branched-chaim paraffin hydrocarbon with a 
boiling pomt higher than 25° C 1s divided by 1ts vapour 
pressure m mm mercury at 25° C and multiplied by 760 


NATURE 


1093 


mm mercury, a predicted solubility at room temperature 
and | atmosphere 1s obtamed The calculated values are 
shown underlmed by the names of the hydrocarbons on 
Fig 1 The values range from 40 to 59 ppm The 
lower values appear to be associated with the heavier 
hydrocarbons The solubilities of ethane, propane, 180- 
and normal butane range from 49 to 62 ppm Methane 
with a solubility of only 24 p pm at 1 atmosphere pressure 
1s anomalous With this exception, ıt appears that to a 
first approximation the weight of a normal or branched- 
chain. paraffin hydrocarbon which dissolves m water 18 
proportional to the vapour pressure of the hydrocarbon 
The measurement of hydrocarbon solubilities by the gas 
chromatographic technique reported here 1s lymited at a 
concentration of about 0l ppm Tf the solubility data 
of C.-C, normal and branched-cham hydrocarbons can 
be extrapolated, the solubility of C, and heavier hydro- 
carbons can be predicted from thew vapour pressures 

The calculated solubilities at 25°C and 1 atmosphere 
pressure for the cycloparaffin hydrocarbons are underlined 
by each cycloparaffin hydrocarbon in Fig 1 The water 
solubilimes of the cycloparaffin hydrocarbons are consider- 
ably higher for a given vapour pressure than the normal 
and branched-chain paraffin hydrocarbons However, the 
decrease ın molar volume for a given carbon number 
compared with the straight and branched-chain hydro- 
carbons is.such that the cycloparaffin solubilities fall 
approximately on the line with normal paraffin hydro- 
carbons However, the dashed line through the 4 cyclo- 
paraffin hydrocarbons has a slope parallel with the 
aromatic nydrocarbons and different from the normal 
paraffin hydrocarbons 

The molar volumes of the aromatic hydrocarbons are 
less than for cycloparaffin hydrocarbons with the same 
number of carbon atoms, but the very marked imcrease 
in solupility caused by the polar character of the benzene 
ring more than offsets the decrease in molar volume so 
that the aromatic hydrocarbons fall on a separate and 
higher line 

The experimental technique and further details of this 
work will be reported elsewhere 
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Attenuated Total Reflectance Spectra of 
Glycyl-L-alanine in Aqueous Solutions 


In a recent report! the spectra of various dipeptides in 
the 1soionic, basic, and acidic states in water were exam- 
ined by transmission techniques with ‘Irtran-2’ cells, and 
the use of such spectra for structural and identification 
purposes was discussed A drawback of the method used 
1s that no mformation can be obtamed in areas where 
water absorbs very strongly This is particularly true 
around 6u (~ 1,660 emt), where amino-acids and peptides 
should show characteristic bands The principle of 
attenuated total reflectance? has enabled the examination 
of even comparatively weak absorption bands and has 
permitted spectra to be obtamed on difficult samples 
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Spectra of sucrose m water and of whole blood have been 
shown by manufacturers of mfra-red equipment 

The purpose of this communication is to show that the 
use of two attenuated total reflectance accessories allows 
useful differential spectra to be obtained, particularly in 
the 6u region, since the water 1s not totally absorbing by 
attenuated total reflectance techniques (With a silver 
chloride hemicylinder and water in the sample beam versus 
air in the reference beam, when the baseline 1s at 90 per 
cent T, the water band has a 50 per cent T ) The instru- 
ment used was a Perkin-Elmer model 421 infra-red spectro- 
photometer, which was linear in cm~? presentation Both 
attenuated total reflectance cells were used with silver 
chloride hemicylinders, the compensating reference cell 
containing only water 

Fig 1 (solid hne) demonstrates the degree of compen- 
sation and the effect of the angle of incidence (dashed and 
dotted lines) on band intensity and shape 50° was chosen 
as the angle of incidence for the runs on glycyl-L-alanine 
since this angle yields better band shapes at reasonable 
intensities than does 45° Probably 47° would be still 
better, but the apparatus has «a detent at 50°, which 
permits locking the optics at this angle 

Spectra were recorded for 5 per cent (w/v) aqueous solu- 
tions of the dipeptide glycyl-L-alanine in the 1so1on1¢, basic, 
and acidic forms ig 2 shows these spectra Five times 
expansion was used on the ordinate scale Significant 
differences can be seen in the 1,750-1,000 cm- region 
Whereas the isoionie and basic forms show what appears 
to be COO- absorption (from comparison with trans- 
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mussion spectra?) at 1,401 and 1,402 em~ respectively’, 
this band ıs expectedly missing ım the acidic form Another 
band at 1,364 cm- in the 1so10onic form and at 1,368 em-} 
in the basic form 1s missing ın the acidic form also, this 1s 
also probably a COO- band’ 

In the region near 1,600 em~! there are distinct differen- 
ces between the isoionic, basic, and acidic forms The 
isoionic form has a band at 1,571 em-!, which 1s probably 
due either to stretchmg vibrations (CO and CN) arising 
from the resonating peptide linkage‘ or from NH stretch*-* 
The shoulder at 1,656 cm-! may be associated with the 
NH,+ grouping, but may be associated also with the 
carbonyl group of the peptide link, which absorbs normally 
at 1,655 cm~! in the solid-state’ In the basic form there 
are bands at 1,579 and 1,620 em-!, which are probably NH 
stretching absorptions? In the acidic form the band at 
1,605 cm- is probably due to stretchmg vibrations from 
the resonating peptide linkage ‘The shoulder at 1,658 
cm-! may be associated with the CO of the un-ionized 
carboxyl group’? The shoulder at 1,712 cm-t may be the 
amide-I CO stretch 

As with transmission methods, characteristic spectra are 
obtained, which can be used for identification purposes 
The advantage of the attenuated total reflectance method 
hes m the information obtainable in the area where water 
absorbs strongly by transmission methods 

I thank Dr Robert W Hannah, of the Perkm—Elmer 
Corporation, for recording the spectra and for his advice 
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Annealing by Compression following Chemical 
Radiation Damage in Potassium Bromate 


RECENTLY ıt has been shown}? that fragments generated 
in solid substances by molecular rupture imitiated by 
radiation thermal neutron capture can recombine unde 
the influence of compression These results suggested that 
other kinds of chemical radiation damage might also be 
susceptible to annealing by compression At present the 
only quantitative investigation on annealing of chemical 
radiation damage in ionic compounds appears to be the 
thermal annealmg investigations on nitrates by Maddock 
and Mohanty? Inarecent communication Mohanty and 
Upadhyay! have reported that compression of radiation 
damaged lead nitrate before thermal annealing accelerates 
the annealing process 

Annealing by compression and isothermal annealing 
mvestigations have been carried out on radiolysed potas- 
sium bromate Boyd eż al’ have reported that radiolysis 
of bromate ion gave bromte, hypobromite, bromide and 
oxygen gas They also reported, that the oxidizing 
species in radiolysed alkali metal bromates are susceptible 
to thermal annealing, but no attempt was made to determ- 
ine the annealing kmetics The experments were con- 
ducted on a sample of potassium bromate crystals sieved 
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to between 80-100 mesh The crystals were wradiated to 
a dose of about 50 Mrads with 2-MeV electrons The 
annealing by compression was carried out using the 
Tuttle-type of pressure bomb 

Table 1 gives the results of annealing by compression at 
20° and 135° The samples were compressedin2min The 
experiments at 135° were carried out allowing the sample 
to reach the temperature before the pressure was applied 
The equlbrium temperature was obtamed after 10 mm 
The ‘oxidizing power’ representing the oxidizing fragments 
produced by radiolysis (bromite, hypobromite, etc ) was 
determined by an arsenite-1odide titration The total 
bromide content representing the total non-bromate 
bromme produced by radiolysis was determined by a 
micro-potentiometrical titration with silver nitrate after 
the oxidizing fragments were reduced by arsenite” 
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Table 1 
‘Oxidizmg Direct bromide Total bromide 
Tempera- power’ content content 
Treatment ture (m equiv {mmole Br- (mmole Br“ 
(°} mole) molei) mole7*) 
None 20 171 72 12 2 
Compressed, 

1,000 atm 20 159 74 121 
Compressed, 

2,000 atm 20 143 77 120 
Heated, 10 min 135 164 73 121 
Heated and com- 

pressed, 10 min, 

1,000 atm 135 107 80 113 
Heated and com- 

pressed, 10 min, 

2,000 atm 135 7i 86 107 


The results show that the chemical radiation damage 
can be annealed by compression The oxidizing fragments 
forming hypobromute and bromute on solution are annealed 
to biomate and bromide forming fragments by compres- 
sion of the material The isothermal annealing experi- 
ments show that these reactions occur by heating the 
material, too The possibility that the observed effects by 
thermal annealing arose from aerial oxidation was excluded 
by showmg that virtually the same annealimg occurred 
whother the crystals were heated in air or en vacua Com- 
binatioas of compression and thermal annealing show that 
the compression produces two different effects a rapid 
annealing directly induced by the application of pressure, 
and the second an acceleration of the thermal annealing 
processes 

I thank Dr J D © MacConnell, Department of Minor- 
alogy, Cambridge, for arranging the compressions 
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Viscosity - Molecular Weight Relationship for 
Polyvinyl Chloride 


THE expression [n]=KM/4, where [n] 1s the mtrinsic 
viscosity, M, the molecular weight, and K and a are 
constants for a given polymer-solvent system, 1S common- 
ly used to relate [ņ] and the molecular weight of the 
polymer Values of K and a for polyvmyl chloride- 
solvent systems often show considerable variations for 
the same solvent Table 1 gives values obtaimed for 
‘cyclohexanone as solvent with the temperature, type of 
molecular weight and whether unfractionated polymers or 
fractions were used in the determination of K and a 
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Table 1 VALUES oF K AND d FOR POLYVINYL CHLORIDE—CycloHEXANONE 


Author(s) K a Comments Ref 
Hengstenberg 195=107 079 25°, Mn, unfractionated 1 
Breitenbach et al 116=10 085 20°, Mp, unfractionated 2 
Mencik 2 04=10 056 25°, AL», fractions 3 
Danusso et al 24 =107' 077 25°, My, unfractionated 4 
Campa and Schwindt 11 =1075 10 25°, My, unfractionated (5 
Bier and Kramer 113=10° 063 25°, My, fractions 6 


Endo’ fiactionated five different commercial samples and 
obtamed values of a varying from 0 72 to 1 08 from values 
of [n] and Mn in cyclohexanone at 30° 

We have fractionated a commercial polyvinyl chloride 
prepared by emulsion polymerization (Breon 121) The 
polymer was first extracted with hot ethanol to remove 
emulsifying agent and then fractionated by stepwise 
addition of 80/20 by volume tetrahydrofuran/water mıx- 
ture to a l per cent solution in tetrahydrofuran Five 
primary fractions were each refractionated to give a total 
of fifteen sub-fractions of which sıx were used in further 


work Number average molecular weights J2, of these 
were determined osmotically m cyclohexanone at 25 + 
0 01° using Pinner—Stabm osmometers® statically The 
membranes used were of cellulose, treated with 5 per 
cent aqueous caustic soda before washing m water and 
conditioning to cyclohexanone This treatment was found 
to prevent diffusion of low molecular weight matenal 
which occurred when untreated membranes were used 
with solutions of the unfractionated polymer Plots of 
m/c, where r 1s the osmotic pressure and c the concentra- 
tion, agamst c were slightly curved and plots of (n/c) 
against ¢ were extrapolated to zero concentration to 
obtain values of Mn Weight average molecular weights 


Mwy ım cyclohexanone at 25° + 0 01° were determined using 
a Brice-Phoenix light scattering photometer The refrac- 
tive index increment was 00867 Intrisic viscosities in 
cyclohexanone at 25° + 001° were obtained by use of 
suspended level capillary viscometers Flow times were 
such as to prevent shear effects and kmetice energy correc- 
tions were made where appheable The cyclohexanone 
was purified and fractionally distilled just before use 
All solutions were heated for 1 h at 80° and then cooled 
before bemg used This procedure, also used by Menek’, 
1s necessary to break down rapidly aggregates which, 1f 
of high molecular weight maternal, break down very 
slowly at 25° 


Fig 1 shows logarithmic plots of [n] agamst Mn and 


Mwe Values of K and a, obtamed from these by the 
method of least squares, are 


M, K=208x103, a=056+0 02 
Mwe K=174x10", a=055+0 02 

The values of a are in good agreement and those of K and 
a for Mn are mn excellent agreement with those of Menecik? 
Values of M,/M, for the fractions are all about 2. The 
fact that the plots-are essentially parallel suggests that the 
fractions not only have smmular values of Mw/M@M, but also 
have similar molecular weight distmbution® 

Reasons for the values of K and a given by other 
workers are not entirely clear Diffusion of low molecular 
weight material m osmotic measurements or the presence 
of aggregates not removed by prior heating might lead 
to higher values of the exponent a Different values of 
K and a could also result from the use of unfractionated 
polymers with different molecular weight distributions 
Lower values of a tend to be obtamed when fractions are 
used 

It 1s also possible that polyvinyl chloride prepared by 
emulsion polymerization differs ın cham structure from 
that obtamed by other methods Hengstenberg!, Menck’ 
and Bier and Kramer! used emulsion polymers Other 
workers?+5,7 used polymers prepared by bulk, solution 
and suspended polymerization although Danusso et al + 
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Fig 1 Plots of log [7] versus log Mn and log Me for polyvinyl chloride~ 
cyclohexanone at 265°C ©, Fractions, A, unfractionated polymer 
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included emulsion polymers Hengstenberg’s value apart, 
values of a obtamed using emulsion polymers are less than 
those obtamed by use of polymers prepared by other 
methods It seems probable that this 1s a consequence of 
chain branching Bier and Kramer state that their value 
of 0 63 for a refers to branched material Peterlin!® has 
shown that appreciable branching of polyvimyl chloride 
may occur and lead to formation of aggregates Emulsion 
polymers are generally of higher molecular weight than 
those obtamed by other methods and may be more highly 
branched 

Emulsion polymers of vmyl chloride may generally be 
more branched than suspension polymers apart from any 
specific influence of higher molecular weight Polyvinyl 
chloride 1s virtually msoluble m vinyl chloride but vinyl 
chloride ıs soluble ın the polymer to the extent of about 
30 per cent This means that during polymerization the 
effective monomer concentration 1s lower and the effective 
polymer concentration higher m emulsion polymer par- 
ticles than m suspension polymer particles Chain branch- 
ing 1s therefore more hkely m the former and 1+ has been 
suggested! that the meidence of branching may be three 
or more times greater in emulsion polymers of vinyl 
chloride than in polymers obtamed by suspension poly- 
merization 

It would thus seem to be hkely that the low values 


obtaimed for the exponent a reflect chain branchng The™ 


values of the polymer~solvent interaction parameter y, 
was found, m the present work, to be 022 This relatively 
low value suggests that cyclohexanone 1s a thermo- 
dynamically good solvent for polyvinyl chloride and a 
higher value of the exponent a might be expected if the 
chains were lnear 

We thank Mr J Benton, of British Geon, Ltd, for 
useful advice, especially on chain branching of emulsion 
polymers, and British Geon, Ltd., for thesupply of materials 


W R Moore 
R J Huorcurmson 


Polymer Research Laboratories, 
Department of Chemical Technology, 
Institute of Technology, 
Bradford 


t Hengstenberg, J, Angew Chem, 62, 26 (1950) 

* Breitenbach, J W , Forster, R L and Renner A J, Koll Z , 127, 1 (1952) 
*Mencik, Z, Chem Indust , 49, 1598 (1955) 

s ona G , Moraglio, G , and GQazrera, 5, Chun Indust (Mian), 36, 883 
ž Campa, G, and Schwindt, M, Makromol Chem, 21 169 (1956) 

* Bier, G, and Kramer, H, Makromol Chem , 28-29, 151 (1956) 

? Endo, , Chem Haigh Polymers (Japan), 18, 143 (1981) 

*Pmner, 8 H, and Stabin, JI V, J Polymer Se, 9, 575 (1952) 
*Koningsveld, ,and Tunnman, © A F, Makromol Chem , 88, 39 (1960) _ 


w Peterlin, A, Pecera Scr 25 Supp Intern Symp Macromolecular Chemastry, 
Milan, 553 (1954) 


a Benton, J (private communication) 


NATURE 


December 14, 1963 
BIOCHEMISTRY 


VOL. 200 


Action of Bovine and Human Pancreatic 
Phospholipase A on Lipoprotein-bound 
Phospholipids 


In previous reports from our laboratory some character- 
istics of the a vitro and in vivo actrvity of snake venom 
phospholipase A were described The enzyme was found 
to spht lpoprotem-bound phospholipids present m egg 
yolk and serum at a higher rate than m their total lpid 
extracts or than purified ovolecithm! Intravenous 
administration of snake venom phospholipase A ito 
rabbits produced a rapid and marked decrease 1n plasma 
lecithin, an increase in plasma lysolecithin and attachment 
of lysolecithin to the red blood cells with ensuing red cell 
sphering? In the work recorded here we investigated 
whether phospholipase A preparations from sources other 
than snake venom had similar action Phosphohpase A 
preparations from both human and bovine pancreas were 
obtained according to the method of Rimon and Schapiro 
A standard suspension of the enzymes contaimng 10 mg 
protein/ml in 0 04 M veronal buffer pH 7 6 was used 

The human and bovine phospholipase 4 preparations 
were acted on egg yolk and plasma, on total lipid extracts 
of egg yolk and plasma, and on purified lecithin The total 
lipid extracts and the purified lecithin were prepared as 
described previously! Both the egg yolk and the egg 
yolk lipid extracts were 5-fold diluted m 0 04 M veronal 
buffer pH 7 6, and the purified lecithin was suspended in 
the buffer to a concentration of 10 mg/ml The enzymatic 
splitting of the substrates was followed by free fatty acid 
release according to the method of Dolet The comparative 
splitting of plasma hpid extract by the two enzyme 
preparations was followed by the decrease in lecithin 
content Phospholipids were extracted, chromatographed 
on silicic acid impregnated paper, and the lecithin spot 
analysed for lipid phosphorus as described by Khbansky* 

As seen in Tables 1 and 2, both human and bovine 
pancreatic phospholipase A preparations split the lipo- 
protem-bound phospholipids at Imgher rate than the 
phospholipids in the lipid extracts or than purified lecithin 
The human pancreatic phospholipase preparation showed 
higher activity than the bovine on all substrates tested~ 


Table 1 COMPARATIVE ASSAY OF FREE FATTY ACIDS RFLEASED IN THE 
COURSE OF ACTION OF HUMAN AND BOVINE PANCREATIC PHOSPHOLIPASE A 
ON VARIOUS SUBSTRATES 


Pancreatic Free fatty acids released 
phospholipase Substrates {uequiv jml ) 

A 10mn 20mm 40mm 60mm 
Human Ege volk 3 31 612 7 74 9 07 
Human Egg yolk lipid extract 212 4 62 5 50 5 50 
Human Lecithin 0 47 1 52 215 2 32 
Bovine Egg yok 101 192 299 3 79 
Bovine Egg yolk lypid extract 0 41 076 076 0 85 
Bovine Lecithin 0 0 0 0 


Incubation system 05 ml substrate, 05 ml enzyme suspension, 01 ml 
ether, 005 ml 5 mM calctum chlonde, temperature 37° C 


Table 2 COMPARATIVE SPLITTING OF LECITHIN IN PLASMA AND PLASMA 
Lirip EXTRACT BY HUMAN AND BOVINE PANCREATIO PHOSPHOLIPASE A 


Lecithin phosphorus 
(mg %) 


Pancreatic b Per cent 
phospholipase Substrate Zero- Afterih lecithin 
A time incubation spht 
Human Plasma 60 0 100 
Human Plasma lipid extract 216 1 25 42 
Bovine Plasma 3 36 1 83 64 
Bovine Plasma lipid extract 312 2 50 20 


Incubation system 1 ml substrate, 1 ml enzyme suspension, 01 ml 
ether, 005 ml 5 mM cale:um chloride, temperature, 37° C 


Pancreatic phospholipase A preparations were injocted 
into the ear vein of rabbits kept on a regular diet After 
various time-intervals blood was withdrawn by heart 
puncture for determmation of plasma lecithin and lyso- 
lecithm by means of silicic acid paper chromatography? 
Blood samples from the ear vein were examimed for red 
blood cell shape The bovine pancreatic phospholipase 
preparation was admimstered in two portions, each 
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Table 3 CHANGE IN PLASMA LECITHIN AND LYSOLECITHIN AND IN RED 
CELL SHAPE FOLLOWING INTRAVENOUS ADMINISTRATION OF BOVINE 
PANCREATIC PHOSPHOLIPASE A IN THE RABBIT 


Lysoleci- 

Lecithin thin phos- 
Time of blood collection phosphorus phorus 
(mg %) (mg %) 
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Red cell shape 


Before mnyection 310 041 Bidiscoid 
20 mm after Ist imjection 2 22 6 60 Coarsely crenated spheres 
20 ymin after 2nd injection 1 61 0 41 Coarsely crenated spheres 


Second injection 45 mun after first injection 


contammg 50 mg protein suspended in 5 ml veronal 
buffer, at 45-min imterval As seen in Table 3, plasma 
lecithin decreased durimg a 65-min observation period, 
while lysolec:thin first mereased and afterwards reached 
the pre-injection level The red blood cells became coarsely 
crenated spheres and retained this shape durimg the 
observation period In contradistinction to the well- 
tolerated bovine pancreatic phospholipase preparation, 
intravenous admmustration into rabbits of human pan- 
creatic phospholipase preparation, in an amount contaiming 
50 mg protein, caused rapid death Using smaller amounts, 
the ammmals survived but no red cell shape change 
appeared, pointing to a lower degree of plasma lecithm 
splitting The cause of the toxicity of the human pan- 
creatic phospholipase A preparation has not been 
elucidated. 

These results are in agreement with the previously 
reported results concerning the action of snake venom 
phospholipase Al, both as to the higher rate of sphtting 
of lipoprotem-bound phospholipids n wiro and the 
conversion of plasma lecithin to lysolecithin with assoc- 
ated red cell sphermg in vwo <A simular action n vwo 
has been described for bee venom phospholipase A by 
Habermann and Krusche® It 1s evident that lipoprotem- 
bound phospholipids are readily attacked, both ın vuro 
and n vwo, by phospholipase 4A obtamed from diverse 
sources 

This work was supported by a research grant (#-3171) 
from the US National Institutes of Health 
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Kinetics of Collagen Synthesis by Established 
Mammalian Cell Lines 


Ir was recently reported that certain established lines 
of mouse fibroblasts, capable of indefinite propagation in 
culture!, were able to synthesize appreciable quantities of 
collagen? The collagen appeared as extracellular fibres of 
characteristic periodicity between cells growing mn multiple 
layers on the surface of a Petri dish This communication 
examines the temporal relationship between cell growth 
and the expression of this differentiated function 

A trypsimized suspension contaimmg 5 x 104 log phase 
cells of established hne 327'6 was inoculated into 50 mm 
plastic Petri dishes The cells attached to the surface and 
began to grow within approximately 12 h They then 
grew exponentially for about 3 days with a mean doubling 
time of 13 h (Fig 1A) Thereafter, the growth rate 
dechned rapidly, and the culture soon reached a saturation 
density of about 9 x 10° colls, no further merease m cell 
number occurred for the 24 days of this experiment, 
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Fig 1 A, Growth curve ofline 376 Day 015 the day following mocula- 

ton B, Hydroxyproline formation by established Imes 376 and 87124 

A indicates determination of hydroxyprolme on 376 cell layer after 
isolation of the pure amimo-acid by chromatography 


although the supernatant liquid medium was changed 
three times weekly Throughout this period the majority 
of the cells remained viable, trypsimization producing a 
suspension of healthy-appearmg cells with a plating 
efficiency of 80 per cent on X-irradiated feeder cells 

The synthesis of collagen by the cells was examined by 
hydroxyprolme determmations®? on the washed and 
hydrolysed cell layer Fig 1B (top curve) shows the 
quantity of hydroxyproline found in the cell layer at 
various times ‘Through the exponential growth phase, 
low constant values were obtamed, equivalent to 0017 
umoles of hydroxyproline per 10’ cells As the 
method used is not absolutely specifie for hydroxyproline, 
a hydrolysate of 2 x 108 log phase cells was subjected to 
column chromatography and the eluate analysed for the 
pure amino-acid Simce none could be detected (less than 
0 0003 umoles per 10’ cells), the low constant values of 
days 0-4 ın Fig 1B do not represent hydroxyproline but 
1ather non-specific colour formation 

At day 5, when>the number of cells approached a 
maximum, hydroxyproline appeared in the cell layer and 
increased linearly with time throughout the remainder of 
the experrment The constant rate of synthesis durmg 
this time for lno 376 was approximately 0016 yumoles 
of hydroxyproline per 10’ cells per day Chromatographic 
isolation of hydroxyprolme from a repheate stationary 
phase culture on day 24 gave a value of 0 30 umoles per 
10’ cells, in good agreement with determinations made 
durectly on the hydrolysate (see Fig 18) Another estab- 
lished hlne, 37'12.A, reached a similar saturation density 
and then began, to produce collagen, though at a lower rate 
(0 005 pmoles hydroxyproline/107 cells/day) It 18 con- 
cluded that collagen does not begin to accumulate in the 
cell layer until the period of rapid growth 1s completed 
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This conclusion is supported by electron microscopic 
data from thin sections of repleate cultures at different 
times Log phase cultures did not contaim extracellular 
fibris Stationary phase cultures, beginning at day 5, 
showed, abundant extracellular fibrils, which later de- 
veloped the banding typical of collagen Stationary 
phase cells showed the cytodifferentiation of protem- 
secreting cells 

These experments did not rule out the possibihty of 
hberation of soluble collagen into the liquid medium by 
log phase cells Cultures in log and stationary phases 
were therefore mcubated for 12 h with proline labelled 
with ecarbon-14, the cold trichloroacetic acid-msoluble 
protem of the cells and medium of each culture was then 
hydrolysed Carrer hydroxyprolne was added to the 
hydrolysates and re-\solated chromatographically The 
log phase cells and medium together contamed only 6 
per cent of the hydroxyprolme radioactivity of the 
saturation density cultures 

Durmg the establishment of hne 376, the cells were 
transferred regularly every 3 days at an inoculum size of 
6 x 10° cells, for about 100 cell generations Under these 
conditions, the cells never reached a stationary phase and 
therefore could not have synthesized appreciable collagen 
Nevertheless, this differentiated cell function was not lost 
during the period when 1t could not be expressed The 
synthesis of collagen by these cell lnes offers a clear 
demonstration of the often stated antagomsm between 
growth and differentiation in mammalhaen systems The 
nature of the changes which result in the arrest of cell 
division and the onset of collagen synthesis 1s the object of 
continuing investigation 

This work was supported by grants from the U S Public 
Health Service 
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Ultra-violet Photolysis of Unsaturated Fatty 
Acids in Relation to the Thiobarbituric Acid 
Test 


A CHARACTERISTIC pmk coloration was observed by 
Kohn and Liversedge! after heating tissue suspensions 
with aqueous thiobarbituric acid (TBA) Colour formation 
was attributed to reaction of unknown oxidation products 
of unsaturated fatty acids? The principal TBA-reactive 
substance ıs considered to be malonaldehyde®* However, 
the means of formation of malonaldehyde 1s unknown. 
Inasmuch as ultra-violet irradiation of unsaturated fatty 
acids had been used to produce T’BA-reactive pro- 
ducts®, investigation of the radiation-mduced oxidation 
was conducted m this work m an attempt to clarify the 
basis of the TBA test 

Five g of lmolemic acid (Hormel Foundation, Austin, 
Minn ) were placed in the bottom of a Petri dish (80 mm 
diam ) and were irradiated for 18 h by placing two un- 
filtered Mineralight lamps (Ultra-Violet Products, Inc., 
South Pasadena, Calif, model SZ 2537) on the dish The 
lamps and dish were covered with aluminium foil and 
linen cloth The ambient temperature below the foil was 
40°-45° C 

The viscous yellow product was transferred, with four 
10-ml water washmZs, into a 250-ml separatory funnel 
Thirty ml of water were added, and the mixture was 
shaken vigorously for 30 sec After 15 min, the opalescent 
lower phase of approximately 50 ml was collected The 
remaiming mixture was extracted three tunes with 50-ml 
aliquots of water ‘The aqueous extracts were combined 
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and filtered, with gentle suction, through three glass fibre 
disks {H Reeve Angel and Co , Ltd , No 934-AH, 2 1-cm 
diam ) in a Gooch crucible mounted on a filter flask The 
filtration was repeated several times with fresh disks until 
the extract was water-clear The disks were discarded 
The filtrate was diluted to 250 ml with water and washed 
by shaking successively with 60 ml of hexane and 60 ml 
of carbon tetrachloride The washings did not give rise 
to a pmk chromogen in the TBA test of Waravdekar and 
Saslaw® and were discarded The aqueous phase was con- 
centrated by lyophilization until about 10 ml remained 
After thawing, aliquots were diluted with water and ultra- 
violet absorption spectra were recorded The diluted 
aliquots were also assayed for malonaldehyde*®’ by heat- 
mg durmg 20 mm with the TBA reagent Results were 
expressed in absorbance units at 532 mu and 225 my and 
were termed the activity (TBA or ultra-violet) ın the 
particular test 

Fig 1 shows the spectra obtamed with extracts prepared 
m like manner from irradiated and non-irradiated lmoleme 
acid Irradiation resulted in the appearance of pronounced 
absorption at 225 mu Inasmuch as the hydroperoxides 
of unsaturated fatty acids absorb maximally at about 
234 mu and malonaldehyde absorbs maximally at 245 mps, 
the predominant spectral feature resultmg from the 
irradiation process may not be ascribed to the presence 
of either material The TBA activity of the extract of 
irradiated and non-irradiated lipid was 87 5 and 0 5 umts 
respectively. When calculated on the basis of malonalde- 
hyde, these values corresponded to 124 0 and 0 7 ug respec- 
tively The spectral characteristics of the chromogen 
solutions ın the TBA test differed from those observed 
with malonaldehyde only m displaying slight absorption 
at 450-480 mu 


VoL 200 


Ultra-violet activity 


En, 
mts, 
+ an, n2 


Stra 
Hla, 
lts 
Ha, 


"a 
w 
ananman IAT LUFET 





50 
Wave-length (my) 


Fig 1 Absorption spectra of diluted extracts 1, from irradiated 
lmolense acid, 2; from non-irradiated linolenic acid, 3, ethanolic extract 
obtained from chromatogram 
Spectra were determined for a 10-mm lght path with a Perkin-Elmer 
202 spectrophotometer and a water blank or ethanol blank 


To mvestigate the nature of the TBA-reactive material, 
counter-current distribution studies were conducted with 
a glass train of 20 cells (E-C Apparatus Co , Philadelphia) 
A portion of the extract of wradiated Imolenic acid was 
subjected to 19 transfers ın an ”-butanol—-ethylenediamine 
solvent system (pH of aqueous phase= 8 3) Approximate- 
ly 48 per cent of the TBA activity was recovered in the 
aqueous phase The results (Fig 2) revealed the presence 
of two T’BA-reactive components Neither component 
could be distinguished from malonaldehyde on the basis 
of the spectra obtamed m the TBA test except for slight 
absorption m the region of 450-480 mu Tubes 2-4 were 
pooled and, im comparison with fresh aqueous phase, were 
found to display a pronounced absorption maxumum at 
225 mu?” The minor component (pooled tubes 10-12) 
exhibited a shght absorption maximum at 220-225 mu 
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sted methyl lindlsnate. and irradiated 

re also prepared. All extracts were 

- thin-layer chromatograms. Glass 
m) coated. with a 300-u layer of ‘Camag- 
Fluka AG, Buchs SG, Switzerland) were 
at 105° C for 3h. The plates were spotted with 
ul. of each extract. Malonaldehyde, obtained by 
ion from the bisulphite addition compound’, was 
d at references sites. A solvent mixture (n-butanol/ 
methane/water, 20: 4: ee was allowed to ascend 


) rete obtained. 4 Fig! D. paaa 
slightly and with considerable tailing (Rp = 
) proof of its presence in the extracts was evident. 


inolenic acid, parallel unsprayed regions were scraped 
-from the chromatogram and were extracted with ethanol. 
_ The ethanolic extract corresponding to the leading spot 
_ possessed 10 times the TBA activity. of the hindmost 
_ ‘TBA-reactive region and also contained most of the ultra- 
violet activity of the extract. Sixty per cent of the TBA 
__ activity was recovered. | 
a Consequently, by using different procedures of frac- 
tionation (counter-current distribution and thin-layer 
_ chromatography), two TBA-reactive components were 
_. detected. Less than 0-3 ug of malonaldehyde may be 
_ .wisualized.on the chromatogram. Because products other 
than malonaldehyde account for the major portion of the 
_ TBA activity, it is considered that malonaldehyde is not 
| present in the extracts. 
-> It was also noted that, unlike malonaldehyde, the 
_ extracts of the irradiated lipids failed to produce colour 
with the Claisen reagent?” despite the existence of an 
adequate level of malonaldehyde as ascertained with the 
TBA test. 
-~ The ultra-violet absorption spetta of all extracts were 
oe similar. With the extract of irradiated linolenic acid, the 
_ ethanolic extract of the predominant. TBA-reactive site 
on the chromatogram exhibited a peak at about 225 mu 
_ (Fig. 1). Absorption in the far ultra-violet region was 
7: considerably less than was observed for the unfractionated 
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Fig. 3. Thin-layer aroma toe ey after ‘Visualization with 7 TBA 
P, pink; Y, yellow. 


1, inonsiishy de; 2,. linolenie acid; 3, arachidonte acid ; 
4, methyl arachidonate ; 5; methyl linolenate 


Extract : 


tionation supports the tentative assignment of both activi- . 
ties to one compound. Preliminary studies have implicated 
an unsaturated carbonyl component. 

Fränz and Cole" recently separated several “TBA- 
positive’ compounds from irradiated methyl linolenate —. 
by gas chromatography. The presence of several TBA- 
reactive compounds is of interest in view of the prevailing . 
belief that malonaldehyde is responsible for the character- 
istic test. 

This work was supported in part by a contract from the 
U.S. Army Medical Research and Development Command, 
U.S. Army, Washington 25, DC. 
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Uptake of Particulate Matter with n the 
Thymus of Adult and New-born Mice 
In 1961 Marshall and White! proposed the ce of a. 
‘blood thymus barrier’ to explain the failure o tl 1y 
to react to antigenic stimuli given by ordinary. routes 
dministration. Furthermore, because of the xolu 















t the thymus might be the 
proliferation site of ‘forbidden clones’ of Iymphooytost E 
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This investigation was undertaken to examine the 
uptake by the adult and new-born mouse thymus of 
materials ordinarily used to study the reticuloendothelial 
system, and thereby evaluate the ‘blood thymic barrier’. 

Adult (about 25 g) mice of Cf and CFW * (Carworth 
Farms, New City, N.Y.) strain, and new-born mice of 
B6AF! and LAF, Roscoe B. Jackson Memorial Labora- 
tories, Bar Harbor, Maine, strain were used. The following 
materials were administered: trypan blue (National 
Aniline Division, Allied Chemical Corp.), ‘Thorotrast’ 
(Testagar and Co., Inc., Detroit, Mich.), carbon ‘Pelikan’ 
ink (Gunther Wagner, Germany), and fluorescein- 
labelled human albumin, egg albumin and human y-globu- 
lin. Coupling to fluorescein isothiocyanate was performed 
according to the method of Rinderknecht®. The coupled 
proteins were then heat denatured‘. The dosages and 
route of administration of these materials are shown in 
Table 1, 


Table 1 
_ Time of 
Substance injected Route Dose killing after 
administration 
(h) 
Adult mice _ 
Trypan blue Subcutanecus 2% in H,O 
i 0-3 ¢.c./mouse 234-72 
‘Thorotrast’ (24% Intravenous 0:2 ¢.c,/mouse | 6-8 
Carbon ‘Pelikan’ ink Intravenous 065% suspension 
0-1 ¢.¢./mouse 6-8 
Wluorescein-labelled Intravenous 0-6 ¢.c. of 01% solu- 
proteins (heat de- and intra- tion, half-dose given 
natured) peritoneal intravenous; other 
half given intraperi- 
toneal 6 
New-born mice 
Trypan blue Subcutaneous 0-05 c.e, of 07% solu- 
tion in H,O/mouse 24 
*Thorotrast’ (24%) Intravenous* Dilution 1: 5, 0-05 
intravenous 6 
Carbon ‘Pelikan’ ink Intravenous* 0-05% solution 
0-05 ¢.¢./mouse 6 
Fluorescein-labelled 
proteins (heat de- Intravenous* 0-1 % solution 
natured) 0-05 ¢,c./mouse 6 


* Retro-orbital vein. 7 


Tissue sections were prepared according to standard 
methods of alcohol dehydration and paraffin embedding. 
Sections were cut at 6u and were stained with alcoholic 
eosin; at no time were they exposed to concentrations of 
alcohol below 80 per cent. The tissues containing the 
fluorescein-labelled proteins were processed in the cold 
according to the technique of Sainte-Marie’, and were 
examined with a Leitz ultra-violet microscope. 

Particulate matter within or associated with blood 
vessels or in fibrous septum and connective tissue was 
scored as negative. Only those thymuses showing par- 
ticulate material widely distributed in many cells (macro- 
phages) of the thymic parenchyma were considered 
positive. In each animal the liver and thymus were always 
examined. The spleen and lymph nodes were examined in 
fewer animals. 

The results are shown in Table 2. The numerator indi- 
cates the number of organs showing uptake; the denomin- 
ator shows the total number of organs examined. With 
two exceptions, the thymuses stained only in those 
animals with stained livers. Cells containing particulate 
material were present both in cortex and medulla. In 
adult mice trypan blue was found in the thymus in almost 
half the cases. “Thorotrast’ and carbon were found in the 
thymus infrequently. Denatured fluorescein-labolled 
proteins were never found in the thymus. In 
new-born mice trypan blue was infrequently found in the 
thymus. However, here the liver also showed poor uptake. 
In contrast, thorotrast. and carbon were found frequently 
in the thymus (Fig. 1). Finally, fluoresceinated proteins 
were found infrequently in the thymus. 

Most mvestigators have indicated that the thymus 
responds poorly if at all to antigen given to an animal at a 
site distant from the thymus*. However. Stoner et al.? 
have found that thymus can produce antibody, as demon- 
strated by pre-immunized intra-ocular thymus grafts 
functioning in irradiated mice. Marshall and White? 
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Fig. 1. Thymus of new-born mouse showing macrophages containing 
carbon. Localization is mainly in medulla 


have shown that antigen injocted directly into the thymus 
of rats and guinea pigs does stimulate plasma cell produc- 
tion of specific antibody; they therefore proposed the 
concept of a “blood thymus barrier’ to explain the failure of 
thymic immunological activity. 

There has been no recent large-scale systematic investi- 
gation of the entry of materials into the thymus. How- 
ever, early investigations of Kaplan and Coons? using 
pneumococcal polysaccharide indicated that this matetial 
reached the thymus in large amounts. Marshall and 
White!, using a few animals, indicated that trypan blue 
and pneumococcal polysaccharide reached the thymus only 
rarely. Svet-Moldavsky et al.* have recently reported 
that foot-pad and subcutaneous injection of Freund’s 


Table 2 
No. staining/total 
Adult mice 
Trypan blue 
Liver 29/33 
Spleen 28/28 ' 
Thymus 15/33 
Inguinal lymph node 8/18 
*Thorotrast’ 
Liver 17/17 
Spleen 14/14 
Thymus 2417 
Inguinal lymph node 4/4 
Carbon 
Liver 18/18 
Spleen 11/12 
Thymus 2/18 
Inguinal lymph node 5/8 
Fluorescein-coupled protein* 
Liver 12/17 
Thymus O17 
New-born mice 
Trypan blue 
uiver 7/24 
Spleen 3/28 
Thymus 4/24 
*Thorotrast’ 
Liver 31/31 
Spleen 4/4 
Thymus 7/31 
Carbon 
Liver : : 27/ 30 
Spleen 3/3 
Thymus 14/30 
Fluorescein-coupled proteinst 
Liver 57/67 
Thymus 4/67 


* 6/37 injected with fluorescein-labelled human albumin 
11/17 injected with fluorescein-labelled human y-globulin. 
428/67 injected with fluorescein-labelled human albumin. 
36/67 injected with fluoreseein-labelled egg albumin, 

3/67 injected with human y-globulin. 
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djuvant lead to the formation of follicular structures and 
cells within the thymus, and have suggested that 
en oc reach the thymus after injection 
nt site. — 

The present investigation indicates that trypan blue 
aches the adult thymus easily, and that ‘Thorotrast’ 
ad carbon are frequently found in the new-born mouse 
aymus. ‘The reason that the thymus does not respond to 
rdinarily administered antigenie stimuli may be more 
omplex than failure of antigen to reach thymic tissue. 

The fact that the thymus of the new-born appears more 
rmeable to particulate material than the adult thymus 
iterest and deserves further investigation. 

r. Theodore Spaet for his advice. 

_ Ams work was supported by grant C-4788 of the U.S. 
_ Pubhe Health Service. 
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Toxicity and Fluorescence Properties of the 
os Aflatoxins 


_.. Tue isolation, characterization and some of the proper- 
_ ties of four closely related components of aflatoxin, the 
‘mixture of toxic metabolites produced by certain strains of 
_ Aspergillus flavus, have been described previously!. These 
components were named aflatoxins B, Ba G, and Gy 
_ Structural formule have been proposed for aflatoxins 
-B and G (ref. 2) and the relationships between these com- 
pounds and B, and G, have been established':*, the 
double bond in the terminal dihydrofuran ring in the first 
es eve components having become hydrogenated in the 
a) OROT: 

... This communication is concerned with the relative 
_ intensities of fluorescence of the four major components 
and their acute toxicities when administered to day-old 
_ ducklings. 

-o> The peak fluorescence intensities of the aflatoxins in 
- methanol solution were measured in arbitrary units on an 





The relative fluorescence inten- 
omponents were obtained by com- 
‘the solutions (caleulated to 1 ug/ml.) 

-of quinine sulphate of the same 









Table 1. FLUORESCENCE PROPERTIES OF THE AFLATOXINS 


Aflatoxin. Aexitation max, Aemission max. KQ* 
r (ma) (mu) 
B, 365 425 0-5 
Bs 365 425 4 
ra 385 450 2-5 
O Ñi 365 450 6-5 
+ KQ = „fuorescence intensity of aflatoxin solution 


: o ‘fluorescence intensity of standard quinine sulphate solution x 
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The acute toxicity of each compound was determined 
by biological assay using day-old Khaki Campbell duck- 
lings (average weight 38 g). Various dose-levels of each 
compound dissolved in dimethylformamide were adminis- 
tered to groups of 8 fasting ducklings. Each bird received 
0-1 ml. by tube into the gizzard and mortality was recorded 
for 6 days after administration. Histopathological exam- 
inations of the livers were carried out to determine whether 
death was due to aflatoxin poisoning. The four compounds 
were found to produce similar histopathological hepatic 
changes which were indistinguishable from the lesions 
seen in field cases of aflatoxicosis in ducklings’; ‘The LD ro 
value for each compound was calculated on the basis of 
50 g body-weight day-old duckling. Under these con- 


ditions the LD,, for B, (3 assays) was 18-2 ug (5 per cent 


fiduciary limits 14-0-23-8 ug), for B, (single assay) 84:8 pg 
(5 per cent limits 65-110 pg), for G, (2 assays) 39-2 pg 
(5 per cent limits 27-1-56-7 ug) and for G, (2 assays) 
172-5 ug (5 per cent limits 158-188 yg). No deaths 
occurred in control groups dosed with 0-1 ml. dimethyl- 
formamide alone nor were any hepatic changes observed 
on histopathological examination. | 

From these results it can be seen that reduction of the. 
isolated double bond in the terminal dihydrofuran ring of 
B, and G, to give B, and G,, respectively, lowers the 
toxicity. The reduction in activity is very similar in both 
series, the ratio of the LD; values of B, : Ba being 1 : 4:66 
and for G, : Q, being 1: 4-40. Expansion of the pentenone 
ring in the B series to give a second lactone ring in the @ 
series also reduces the toxicity; the ratio of the LDss 
values of R, : G,is 1 : 2:15 and of B, :G, is 1 12-03. 

The pronounced difference between the fluorescence 
intensities of the four aflatoxins together with the differ- 
ence in their biological activities makes it difficult. to 
relate the toxicity of a mixture of these compounds to its 
fluorescence intensity. i 

Accordingly, if fluorescence is to be used as a precise 
indication of toxicity it is desirable that each constituent 
should be separated and individually determined... More- 
over, the measurements of fluorescence should be made 
under carefully controlled conditions. | 

We thank Mr. A. B. Wood for fluorescence moasure- 
ments, Miss C. N. Hebert for statistical analyses and Mrs. 
M. Harrison for assistance. ie 
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2-(a-Hydroxybenzyl)-benzimidazolium Salts _ 
and their influence on Cultured Cells infected 
with Poliovirus 
1-ALKYL-2-(%-HYDROXYBENZYL)-BENZIMIDAZOLES (I) 
give a high degree of protection against the cell degenera- 
tion which follows infection of tissue cultures with polio- 


virus (types 1, 2 and 3). The action of corresponding 







quaternary salts (II) is of considerable interest in view of: 


(a) the much greater solubility of these compounds 
water; (b) the introduction of the positive charge; { 
removal of the type of hydrogen-bonding (ITT): orn | ao 
chelating (IV) propensities that might (for example, by 
allowing attachment to protein or nucleic acid) play some 
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: 3 n part: in the activity of the parent compound HBB (I; 
> o R=H) and of its l-alkyl derivatives (I; R=alkyl). 
` Infra-red spectra show that these latter compounds form 


. - pairs of intermolecular hydrogen-bonded links as indicated 
{OI}; and they also form copper chelates. 
Assays were carried out by growing monolayers of ERK 
vells in a number of slowly rotating tubes at 37°. The 
‘media were decanted after three days and replaced by fresh 
media containing half the maximum tolerated concentra- 
tion of compound and various dilutions of virus (type 1, 
i, Se, 2 ab; type 2, P 712, Ch, 2 ab; type 3, Leon 12 ab). 
Some controls lacked compound and virus and some lacked 
compound only. Control tubes containing HBB were also 
included. ‘Tubes were rolled at 37° and examined twice 
daily, the time (to the nearest 0-25 day) being noted when 
‘half the cells in each tube remained undamaged. The 


delay in onset of cytopathic change gave an indication of 


the effectiveness of each compound!. 

The 1,3-dimethyl (II; R,=R,=Me) and the 1-methyl- 
S-ethyl (II; R,=Me, R,=Et) quaternary iodides gave 
no protection and the 1,3-diethyl compound gave just 
detectable protection against the type 1 and type 3 viruses. 
“However, increase in chain-length produced an improve- 
ment; the 1-methyl-3-propyl (IL; R,=Me, R,="Pr) and 
-the l-ethyl-3-propyl (II; R,=Et, R,=*Pr) compounds 
_ both exhibited a slight, but distinct, effect similar to that 

shown by 100 uM HBB}. 

-Tho compounds were found to endow cells with marked 
“protection against the type 2 virus. The results, summar- 

ized in Fig. 1, show that each quaternary iodide, at half the 

maximum tolerated concentration (Table 1), had about the 
-same effect as 50 uM HBB. However, in our experiments, 
-as the maximum concentration of HBB tolerated by 

the cells was 200 uM it is seen that the quaternary iodides 

had a much lower selective effect than either HBB or its 

more potent l-alkyl derivatives’. 

_ No eytopathic effects were produced in growing cells by 

the presence of 100 uM potassium iodide and this concen- 
‘tration provided just detectable protection to cells infected 


with type 2 poliovirus. As the simplest quaternary salts 


provided no protection against types 1 and 3 viruses, the 
iodide ion itself gave no protection against these. 1-Methyl- 
2-(a-hydroxybenzyl)-benzimidazolium iodide (IT; R,=H, 


Table L 1,8-DIALKYL-2-(a-HYDROXYBENZY1)-BENZIMIDAZOIIUM IODODES (IT) 


ierre tire maireana a amaa amaaan Ara a a L viraa 
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(E; R\=H, Ra=Me) was obtained as white prisms, mp. 


Average of reciprocals of survival times (days?) 


1 2 3 
Logi, (virus dilation) 
Fig. 1. Lines obtained in assay of protection given to cells against ytü- 


pathic effects of poliovirus type 2. (1) Control line (test compounds. 
absent) (O); (2) HBB (100 uM) (strong protection) (W); (3) HBB 
(50 sM) and 1-methyl-3-ethyl- (50 uM), .1,3-diethyl- (70 #M), I-methyl- 
3-propyl- (70 4M) and 1-ethyl-3-propyl- (80 uM) quaternary iodides (@) 
(same data for all these compounds); (4) 1,3-dimethyl quaternary 
iodide (40 nM) (x ) 


R, = Me) had both the same toxicity and offered the same 

protection as 1-methyl-2-(«-hydroxybenzyl)-benzimida- _ 
zolo (I; R=Me). Although the hydroiodide was probably —__ 
converted into the l-methyl derivative of HBB and sodium 
iodide in the nutrient medium, these results confirmed _ 
that the iodide ion was not responsible for the effects —_ 


produced by the quaternary salts. : ee 
The general effect of quaternization is to reduce 
markedly the protective action of the l-alkyl derivatives. 
However, notable protection remains, except with the = 
simpler compounds, against the types 1 and 3 viruses. 
The OH stretching frequency near 3,200 cm~ in potassium 
chloride disks and in chloroform (1:5 per cent) (Table 1) 
shows that quaternization does not reduce the ability of 
the a-hydroxyl groups to form intermolecular hydrogen 
bonds, and thus hydrogen-bonded association with other 
suitable molecules is still possible. : ee ae 
Benzimidazolium salts (IT; R,=Me, R,=Me, Et, *Pr) 
were obtained by heating, in a sealed tube at 100° for 
24 h, a solution of the l-methyl derivative of HBB (I; 
R=Me) (0-002 mole) and the alkyl iodide (0-003 mole) in = 
methanol (1 ml.). The crystalline product, obtaines 
after adding ether, was collected and washed with othe 
The 1,3-dimethylbenzimidazolium iodide (II; R,=R, 














Me) formed white needles on crystallizing from methan 
ether, while all other benzimidazolium salts, here 
scribed, formed white prisms from ethanol-ether af 


treatment with charcoal. a 

The l-ethyl-3-propyl derivative (II; R,=Et, R, =^} 
was prepared in a similar way from the 1-ethyl derivati 
of HBB, the methanol being replaced by ethanol (1 ml 

The 1,3-diethyl compound (II; R;=R,=Et) w 
obtained from the l-ethyl derivative of HBB and è 
iodide, nitromethane (1 ml.) replacing the alcohol in 
reaction mixture. Otherwise the procedure was u 


om 





hydroxybenzyl)-benzimidazolium iodide 





D. G. O’Sunrtvan 
| A. K. WALLIS 
Courtauld Institute of Biochemistry, 
‘he Middlesex Hospital Medical School, 
es London, W.1. 
‘O'Sullivan, D. G., and Wallis, A. K., Nature. 198, 1270 (1963). 







Isolation of an Easily Precipitable 
«Glycoprotein of Human Serum 








precipitable’. 


a sedimentation constant of S 15% =3-8. 
ity in paper electrophoresis at pH 8-6 corresponds to 


& horse anti-human serum following the technique pro- 
posed by Heremans? and described by Osserman*’. As 


Preparation of #,-Glycoprotein, easy presipitabie 






niyay) 


Protein 5%; pH 5,0 
Annoniunsulphate 1,8 M 


















E Spt. 
pH 5,0 

Anmoniumsulphate 2,4 M 

Ppt. pe Spt. 

Dialysis, Electrodialysie; pH 5,0 
Protein 2%; pH 6,0; Natl 0, 

Rivancl 0,1% 
Spt. 






Removal of Rivanel 


(PA 5,0 
imsoniumanlohate 2,2 M 













EE eee Spt. 
JS. Gay Blectrophoresie | 
ooi {pR 8,6; j = 0,1 : 
&,7Fraction 
Ammoniumeul phate | 
pH 7,0 





i 
| eday precipitable | 










o In the course of investigations concerning the purifica- 
tion of human serum haptoglobin! we found in the 
globulin fraction obtained by preparative zone electro- 
‘phoresis at pH 8-6 a glycoprotein hitherto not described. 
. Because of its unusual ability to precipitate at relatively 
low concentrations of neutral salts and ethanol we propose 
‘to characterize this «,-glycoprotein by the term ‘easily 


Preparation was made according to the method illus- 
‘trated in the scheme of Fig. 1. In the analytical ultra- 
centrifuge (Spinco model Æ} the glycoprotein exhibited 


The mobil- 


that of an a,-globulin. We determined its position in the 
immuno-electrophoresis diagram of the normal serum with 

















Fig, 2 ; 

can. be seen in Fig. 2, its precipitation line is situated within 
the «,-antitrypsin bow. The demonstration of special 
immuno precipitate is made possible by the addition of 
“,-glycoprotein to the normal serum in the concentra- 
tion of 0-2 per cent (Fig. 2). In the starch-gel electro- 
phoresis the «glycoprotein moves into the position 
directly behind the albumin as a ‘post albumin’*. After 
treatment with neuraminidase isolated from Vibrio 
cholerae the «,-glycoprotein migrates at a reduced mobility. 
In starch-gel electrophoresis, it appears to be split into 
several components. 

Some chemical characteristics and the precipitation 
behaviour of the «,-glycoprotein ‘easily precipitable’ are 
shown in Table 1. For comparison the precipitation 
behaviour of two other «,-glycoproteins, namely, the a,- 
antitrypsin and the «,-acid glycoprotein, are also presented 
in Table 1. yee : 


Table 1, CHARACTERISTICS OF THE Oy- GLYCOPROTEIN ‘Basiny PRECIPITABLE’ 


Precipitation 
ay-Gly eo. stg eld = 
protein ay-Anti-ghyeos 
Be trypsin. protein 
Biuret value 89 Perchloric acid 66M se i 
(albumin = 160) | i eo 
Hexose % 4-8* oe CISM O18 Moco. 
Acetylhexosamine d Salphosslioyiie 02M OR Mo me 
Acetyineuraminic $4 ‘Rivano?;pH7-5 012M 012M - 
Fueose % ` 04 Ammoniumesul- 1-5- 20— 





hatepH 70 20M 





E. 
1% 


1% 0 Ethanol pH 6-2, 18% 
Ey om 280 mu B= O4 j 


* Referred torGal Mann, = H41, 


The biological significance of this serum protein, which 
is present in normal serum only in very small quantities, 
is stil unknown. 

K. Heme 
H. Haver 

Behringwerke AG Marburg (Lahn). 

1 Schultze, H. E., Haupt, H., Heide, K., and Heimburger, N., Clin. Chim. 
>T Aeta, 8, 207 (1963), | Ets Sar : 

2 Heremans, J. Fu Heremans, M. Th., and Schultze, H. E., Protides of the 

Biological Fluide, 166 (Elsevier, 1959). | 

s Osserman, B, E., J. Immunol., 84, 93 (1960), 

t Smithies, O., Biochem. J., T1, 585 (1959). 
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Production of Cardiac Arrest | in Anlaii 


TuE basic requirement in the study of cardiac resusci- 

tation methods is to obtain a method whereby we can 
-arrest cardiac function in standard circumstances for 
@ predetermined period of time. Numerous methods of 
inducing cardiac arrest are so far known!-*, 
With the methods of inducing cardiac arrest, the 
myocardium and its impulse-conducting system is mostly 
exposed to chemical or electrical trauma. These factors 
render difficult the evaluation of the methods used for 
cardiac resuscitation. 

In the course of our experiments, we have worked out a 
new method of cardiac arrest concerning resuscitation, its 
essence being an artificial tamponade of the pericardium, 
the arrest of circulation, that is, the creation of clinical 
death. Our method was as follows: we narcotized animals 
with chloralose (1 g/kg body-wt.). and incubated them to 
secure breathing. An open method of recording blood 
pressure and control continuously with encephalograph 
(ECG) was applied. We approach the heart through a 
thoracotomy on the left side. Then with a short, dull- 
pointed needle connected with the syringe by a rubber 
tube, we punctured the pericardial sac fixed by tweezers 
and administered a solution of 150-250 ml. of isotonic 
sodium chlorate at a medium speed. Caution is needed in 
puncturing the pericardial sac, and the needle is led 


Blood pressure: 140 mm He 


a 
ECG: normal curve 
: a Blood pressure: 50 mm Hg 
tens ECG: low voltage 
Blood pressure: 0 
é 
ECG: ventrienlar tachyeardy 
Blood pressure: 6 
d 


ECG: no impulses 





Fig. L a, Pulse curve and ECG curve of a dog under anesthesia; 
b, during filling up the perpatdlai sac; c, after complete filling. No 
circulation (weak heart’); d, 2 min after complete filling up 


URE. 


paraki w Hoe axis sof f the heart. thus adag damaging 
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any branch of the: coronary artery. or.of the muscles of the | 
moving heart. The needle is fixed carefully so as not to let- 
it slip out during heart-beat. If possible, a fresh puncture 
is avoided, because the administered solution may flow out: 
through the first hole during over-pressure, which may 
lessen intrapericardiac pressure and heart function may 
again spontaneously return at a decreased pressure. The 
pericardial sac is continuously filled up until it tightens 
considerably and blood pressure drops to zero. 

With this method we have brought about a complete E 
cardiac arrest; at the same time electrical pathological — 
heart action still could be traced by the ECG in a large 
number of cases. To demonstrate this, the pulse curve was 
recorded on the ECG tape with the help of a registering 
set applied on Marey’s drum. 

This method was carried out on 25 dogs. To determine 
the beginning of cardiac standstill—after having filled the 
pericardial sac---we took the tensionless state of clinical 
death as a beginning and measured time from this point 
onwards. With the first group of animals (10 dogs) we 
induced cardiac arrest, lasting for 2-4 min. We gave no 
drugs, no blood transfusion or infusion during the cardiac. 
arrest and resuscitation. Having stopped the pericardial - 
tamponade, cardiac function returned spontaneously in. 


three cases and it started easily in seven cases after. ae 


bimanual massage. 

In the second group of animals (15 dogs), we induced 
cardiac arrests lasting for 5-10 min. We included the. 
time needed for splitting the pericardium (30-40 sec), 
that is, the cessation of the tamponade, into the full time 
of cardiac arrest. 

In this group of animals, resuscitation could only be 
achieved by bimanual massage if we combined it with 
intra-arterial transfusion of blood under pressure and 
with the administration of intravenous noradrenaline. In 
this group after ceasing pericardial compression we saw 
fibrilation in five hearts, of which, after successfully de- 
fibrillating, we could resuscitate by massage in three cases: 
In two cases, fibrillation could not be influenced, that is, 
we failed to achieve resuscitation. 


J. Herp 
O. SzeKELEY 


Central Institute of Traumatology, 
Budapest, Hungary. 
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Influence of Duration of Experiment on Rate 
of Uptake of Radioactive Potassium in 
Smooth Muscle 


THE rates of uptake and loss of radioactive tracers by — E 


excitable tissues can often be described by a function 
involving one exponential term!-8, but over relatively long 


periods deviations have been observed from such a simple . a 


course’-’. The rates of exchange towards the end of 
such periods are commonly slower than would be predicted 
from the initial rates and two general causes for this 
behaviour have been suggested: either the rates are, in 
fact, diminishing during the course of an experiment or the 
tissue is not behaving uniformly. This latter possibility 
has been extensively investigated'-*-15, because biological 
material shows an obvious lack of uniformity, and because 
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deviations from single exponential behaviour are observed 
even when the stoichiometric composition of the tissue 
remains constant However, a constant composition 1s 
not proof of constant exchange rates but might be mam- 
tained if all exchanges in the system slowed down, corre- 
sponding perhaps to the slow deterioration of the wm vtro 
preparation, or indeed if movement stopped altogether 

One might expect deviations due to the agemg of the 
tissue to be more marked the longer the duration of an 
experiment, and the uptake of potassium-42 by the smooth 
muscle of the guinea pig tenia coli has now been examined 
for such an effect since ıb only shows serious deviations 
from single exponential behaviour after 5 h!? 

Unselected guinea pigs were stunned and bled out at 
the neck, and pieces of tenia coli weighing 6-12 mg were 
rapidly dissected and suspended with a tension of 2 g ın 
an organ bath containing a modified Krebs solution 
(Nat 137, K+ 59, Cat+ 25, Mgt+ 1, Cl- 144, HCO} 5:9 
D(+)-glucose 11:5 mM equilibrated with 99 per cent 
oxygen/1 per cent carbon dioxide) At appropriate times, 
muscles were prepared for analysis by wiping them across 
a ‘Perspex’ sheet to remove adhering liquid", the cotton 
threads then being cut away and the tenie weighed and 
ashed m hard glass tubes with 01 ml nitric acid (sp gr 
15) and 01 ml perchloric acid (sp gi: 17) (analytical 
grades) Samples of the physiological solution and empty 
control] tubes were also prepared Potassrum-42 was 
measured in the well-crystal of an Ecko semtillation 
counter N6644 Tho total potassium was determmed 
later by flame photometry All experiments were carried 
out at 35° C, and were repeated at least six times 

In prelimmary observations, pieces of tania were first 
loaded with potassrum-42 and each was then transferred 
at 2-mm intervals through a series of 20 small organ 
baths contaming inactive Krebs solution. The activity 
in each organ bath was determined and two sem1-logarith- 
mic curves for the efflux were constructed+5, one from the 
amounts of activity left by the muscle ın. each organ bath 
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Fig 1 Uptake of potassium-42 by the tenia coli The logarithmic 

ordinate scale corresponds at mfinity to the uptake observed after 

1,440 min ‘The time-scale 19 lmear The pomts show typical devia- 

tions from a straight line, even though all muscles were kept the same 

pericd in wtro The S E of each mean has been individually calculated 
and shown where 1b was big enough 
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Time after dissection (min) 


Fig 2 Total potassium (circles) and uptake of potassium-42 (squares) 

by the tenia coli Muscles were transferred to radioactive solutions 

at different times after dissection, but no progressive change in the 

mittal rate of uptake of potassium-42 was observed The specific activity 
of solution was 10° ¢ p m /m mole potassium 


and the other from the total activity in the tissue at each 
of the same times ‘This total activity was calculated by 
adding the residual activity m the muscle at the end of the 
experiment to the sum of the counts ın each of the washing 
solutions The rate constants calculated by these two 
methods should be identical for a tissue showing a single 
exponential exchange’, but ın the present experiments 
they differed by more than. 50 per cent 

In further expermments a potassimm-42 uptake curve 
wasconstructed for pieces of tenia which had all been kept 
in Krebs solution on vtro for 25 h before analysis. Five 
muscles from each guinea pig were suspended m inactive 
solution after dissection, and the first of these was trans- 
ferred to radioactive solution 1 h later when the net 
potassium content had reached a steady state’? The 
remaming muscles were transferred at mtervals thereafter 
until, 1,475 mm after dissection, all were ın the active 
organ. bath together A srxth muscle from the same 
anımal had been placed im the radioactive bath immed- 
iately after dissection, at which time there was a restora- 
tion of the net potassium which had muitially been lost 
from the tissue durmg the cold preparation period!® This 
net gain contributed to the radioactive content of the last 
muscle by giving 1b an extra opportunity to take up tracer, 
and ıt was removed with the others and prepared for 
analysis after 1,500 min 

If there were no ageing effects, these observations should 
give similar results to those found by Goodford and 
Hermansen single exponential uptake over the first 120 
min, followed by a progressive slowing during the next 3 h 
Tf, on the other hand, there were a marked deterioration of 
the tissue ın vitro, the shorter uptake periods (which only 
began towards the end of the experiments when the 
muscles were already ageing) should be most affected 
and deviations ın the reverse direction might even occur 
The results in fact resembled Goodford and Hermansen’s**, 
but suggested that exchange was virtually complete after 
1,440 min, first, because the relative activity (S A muscie/ 
S A solution) of 1006 did not differ significantly (09 
> P>O 8) from 1, and secondly, because the muscle which 
went straightway into the active organ bath, and therefore 
had additional opportunities and time (1,500 mm) to 
take up more potassium-42, in fact took up no more 

In Fig 1 the radioactive uptake after the shorter 
periods in radioactive solution has been plotted with a 
logarithmic ordinate, adjusted so that the observed uptake 
after 1,440 mm would be at mfinity on this scale With 
the axes of Fig 1, the pomts should have been on a straight 
lineif uptake followed a single exponential course, although 
the method of least squares was not applicable to the 
calculation of the best lmear regression to fit the points, 
because after the logarithmic transformation the later 
observations were relatively more scattered than the 


~ 
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earlier results This has been shown in Fig 1, where the 
standard error of the mean has been separately drawn for 
each time of observation. It may be seen clearly by 
inspection that no straight line could pass close to all the 
points, a single exponential course could describe the 
observations at 15, 45 and 120 min adequately, but 
deviations arose after 300 min just as they did in the 
conventional experiments of Goodford and Hermansen” 
These deviations from a single exponential were not dus to 
variation between, guinea pigs since the effect was observed 
in each mdividual animal, nor were they artefacts due to 
the assumption that exchange was complete after 1,440 
mn This was, of course, imphed im the selection of the 
logarithmic ordinate scale, but the relative activity could 
not exceed 1 at equilibrium and any smaller value would 
only accentuate the curvature m Fig 1 

It may be concluded from the previous considerations 
that the potassium ın the tema coli was not umformly 
distributed However, the effect of duration of experi- 
ment on rate of exchange was mvestigated i a further 
series of experiments ın which nme muscles were dissected 
from each guinea pigand placed ın inactive Krebs solution 
Three were transferred to the radioactive organ bath after 
60 min and were removed for analysis during the next hour 
(Fig 2a) Three more pieces were transferred after 300 
min and similarly observed (Fig 26), while the remaining 
three muscles were only transferred to radioactive solution 
after 1,440 mim (Fig 2c) The results ın Figs 2a, b and c 
are similar, and ın particular do not show any progressive 
change in the initial rate of uptake of potassium-42 after 
im vitro pre-incubation periods as long as 24 h The later, 
slower exchange of potassium im the tenia coli? 1s there- 
fore largely, or entirely, due to a lack of uniformity ın the 
tissue, as 1s commonly assumed, and is not appreciably 
due to any deterioration of the preparation in vitro 
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Effect of Calcium lons on Melanophore 
Dispersal 


Ir has been suggested that calcrum ions act as the 
coupling agent m muscle excitation and contraction}, m 
stimulation of the adrenal medulla and cortex?, and m 
vasopressin release from the posterior pituitary4 Their 
basıc role in membrane reactions has become obvious from 
many other observations, including that on which we wish 
to report here 

Hydrated Nat and Ca** rons are of sumuilar size, so that 
cross-action and synergism in biological phenomena, may 
be expected ‘This applies also to nervous conduction, 
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where calcium behaves similarly to sodium ıt enters 
during excitation and leaves durmg recovery’, probably 
playing a key part ım this process? In view of this 
interrelation, 1t seemed unlikely that the melanophore dis- 
persing action of melanocyte stumulating hormone should 
be specific to sodrum®?? 

In a series of 200 examinations the skin from the back of 
tree frogs (Hyla arborea) was removed, halved longitudin- 
ally and flattened on filter paper with its green-coloured 
side facmg upwards The skm was then mcubated at room 
temperature for an hour im frog-isotonic sucrose solution, 
buffered with 2 mM sodium bicarbonate This procedure 
was shown to bring extracellular 1ons down to mert 
concentrations without significantly affecting the tissue- 
bound calcium’? After incubation, half the skin was 
soaked in different mixtures of frog-isotonie sucrose and 
isotonic cation chloride solutions, both buffered with 2 mM 
sodium bicarbonate , the other half was kept m buffered 
sucrose solution for control, the Nat of the buffer bemg 
meffective at this concentration (2 mM) 

Osmotic activity was checked by the Fiske osmometer 
The colour of the skin was recorded every 15 min for 3 h 
according to the colour scale introduced by us With 
this method we found that 10 mM calcium chloride not 
only supported melanocyte stimulating hormone action, 
on vitro, but also caused considerable darkening by itself 
Higher concentrations caused lightening (yellowish colour) 
or inhibition of action of melanocyte stimulating hormone 
Among other bivalent ions, only Mgt+t behaved like Catt 
um supporting action of melanocyte stumulatimg hormone, 
but none of them, ın concentrations up to isotonicity, led 
to darkening of the skin. 

After soakıng the skin in frog-isotonic K+ solution, the 
melanophore dispersal could still be induced by 10 mM 
Catt, this cation acting as a darkenimg agent by itself, or 
in support of action of melanocyte stimulating hormone 
Melanophore response to Catt after depolarization by K+ 
solution may thus be comparable with smooth muscle 
response under simular conditions? 

We accordingly propose as a working hypothesis that 
Catt may be the coupling agent between melanocyte 
stumulating hormone stimulation and melanophore disper- 
sal, having a coupling function parallel to that postulated 
for muscle! and other systems**, 

In conclusion we have found that Catt alone in proper 
concentrations causes m vitro darkening of the skin of the 
tree frog (Hyla arborea)—even m frog-isotonic potassium 
chloride Melanocyte stiumulatmg hormone may be 
presumed to act primarily on the cell membrane, its 
melanophoric effect bemg mediated by Catt The 
melanophore reaction may therefore serve as an easily 
accessible model reaction for examimmg coupling pheno- 
mena. 

This work was supported by a grant from Mrs Dora 
Leperman, Canada, m memory of her late husband, Joseph 
Teperman 


VoL 200 


Department of Applied Pharmacology, 
School of Pharmacy, 
Hebrew University, 
Jerusalem 


1 Frank, G B, Nature, 182, 1800 (1958) 


* Evans, D H L, Schild, H O, and Thesleff, S$, J Physiol (London), 148, 
474 (1958) 


? Douglas, W W , and Posner, A M , Nature, 192, 1299 (1961) 

1 Douglas, W W , Nature, 197, 81 (1963) 

‘Mullins, L J, Ann NY Acad Ser, 94, 390 (1961) 

® Hodgkin, A L , and Keynes, R D,J Physiol (London), 188, 253 (1957) 
? Tasakı, I , Proe US Nat Acad Ser, 48, 1177 (1982) 

8 Novales, R R, American Zoologist, 2, 337 (1962) 

* Novales, R R, Gen Comp Endocrin , 2, 286 (1962) 

10 Lerner, A B,and Wright, R M , Endocrinology, 66, 599 (1960) 

n Sulman, F G, Acta endoerin , 10, 320 (1952) 


December 14, 1963 
PHARMACOLOGY 


Ne 4911 


Enhancement by Methyldopa of Tyramine 
Sensitivity in Man 

Tae mechanism by which «-methyl-3,4-dihydroxy-t- 
phenylalanme (methyldopa, Aldomet) lowers blood pres- 
sure m man has not been established definitely While 
the inhibiting activity of the drug on decarboxylation of 
aromatic-L-amino-acids has been confirmed m human 
subjects and indeed was our reason for first studying the 
compound celmically’, 1t 1s doubtful that synthesis of the 
sympathetic transmitter, noradrenaline, 1s significantly 
affected by the drug ‘Thus, mvestigations in this labora- 
tory and elsewhere? have failed to show any decrease in 
the urmary excretion of the catecholamme metabolite, 
vanilmandelic acid, im patients recerving the drug Further- 
more, depletion of tissue-levels of noradrenalme by 
methyldopa and «-methyl-m-tyrosine in animals appears 
unrelated to the enzyme-imhibiting effects of these com- 
pounds’ Present evidence’ favours mediation of the 
depleting effect by amme metabolites formed by de- 
carboxylation (to «-methyl-dopamme) and possibly sub- 
sequent §-hydroxylation (to «-methyl-noradrenaline) 

While the blood pressure effects of methyldopa m man 
resemble in part those of sympathetic neuronal mhibition, 
it 1s not known whether catecholamine depletion occurs 
im human subjects An index of this might be obtained 
by following changes ın pressor activity of tyramime since 
the cardiovascular effects of tyramine are thought to be 
mediated by noradrenaline and are depressed by cate- 
cholamme-depleting agents such as reserpme® Accord- 
ingly, responses to separate 15-min infusions of tyramme 
at several dose-levels were determined in five hypertensive 
patients under three different conditions: (1) during 
control periods , (2) after 4-20 weeks of oral treatment 
with 2-3 g of methyldopa daily , (3) during the last three 
days of treatment with reserpine 1-2 mg/day mtra- 
muscularly for eight days Control observations were 
made at a time when the patients had recerved no medical 
treatment for at least 4 weeks 

The rate of mfusion of tyramme m yug/mim required 
to produce an mcrease of 30 mm mercury i the systolic 
blood pressure was calculated from dose response curves 
Responsiveness to tyramine was expressed as a percentage 
of the average control values As shown in Table 1, the 
anticipated decrease in tyramine sensitivity occurred m 
association with presumed noradrenaline depletion pro- 
duced by reserpme While a decrease in tyramine pressor 
activity was also expected during treatment with methyl- 
dopa, 1t may be seen that pressor responses to tyramme 
were actually enhanced by this agent 


Table 1. EFFECT OF RESERPINE AND METHYLDOPA ON RELATIVE 
SENSITIVITY TO TYRAMINE IN FIVE PATIENTS* 


ae reserpinet After methyllopat 


Case No mg/day) (%) (2-3 gm/day) (% 
1 25 215 
2 30 125 
8 : 33 183 
4 -` 34 145 
5 16 194 
6 — 220 


* Responsiveness 1s expressed as percentage of control sensitivity 

T Each value 1s the average of two determinations carried out after 6-8 
days of intramuscular reserpine, 1-2 mg/day ‘ 

+ Each value 1s the average of 2-6 determimations done after 2-14 weeks 
of administration of methyldopa (2-3 g/day} All values were above the 
average control-leve!l (100 per cent) 


It was of interest to learn whether the depressed tyra- 
mme sensitivity due to reserpme could be reversed by 
methyldopa Three additional hypertensive patients were 
grven 1-2 mg reserpine intramuscularly daily for 11 days ; 
durmg the last threa days methyldopa 20 g/day was 
given orally Tyramune sensitivity was mcreased m each 
of the three patients and m two of them even beyond 
pre-reserpme control-levels (Fig 1) The restoration of 
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Fig 1 Depression of tyramine pressor responses in three patients by 
reserpine and restoration by methyldopa 


tyramme sensitivity by methyldopa was substantiated 
further m numerous studies im reserpiized dogs and 
rabbits’? a-Methyl-dopamme and «-methyl-noradrenal- 
me were found also to restore tyramine pressor activity 
Peak restoration was delayed for about 90 min following 
the amino-acid drug and its decarboxylation product, but 
was mummediate followmg admumiustration of «-methyl- 
noradrenaline. Recently, sımılar work on animals has 
been reported from two other laboratories While not 
presenting data, Day and Rand?! state that they have 
observed partial restoration of responses to sympathetic 
nerve stimulation and to tyramme im reserpine-treated 
animals after infusions of methyldopa and the two arune 
derivatives Varma and Benfey® report that in spinal cats 
pretreatment with methyldopa prevented the reserpime- 
induced reduction of cardiovascular responses to tyramine 
but not to stellate-ganglion stimulation 

These findings are interpreted as affordmg presumptive 


‘evidence that the enhanced tyramme response produced 


by methyldopa is mediated by its amine metabolites, 
a-methyl-dopamine and/or «-methyl-noradrenaline Both 
these compounds are pressor substances In human 
subjects we have found that the pressor potency of 
a-methyl-dopamine ıs about 1/100 that of noradrenaline 
As reported previously’, «-methyl-noradrenaline 1s about 
1/3 as potent as noradrenaline in increasing the systolic 
blood pressure in man This mformation on pressor 
potency plus the timing of the restoration of tyramme 
responses ın reserpmuized animals’ tends to favour the 
8-hydroxylated amine as being the mediator m enhancing 
and restoring tyramine responses ‘The supersensitivity 
to tyramine of patients treated with methyldopa may be 
related to the fact that the «-methyl-ammes are not sub- 
strates for monoamme oxidase This could facilitate their 
access to receptors following release from & tyramue- 
sensitive site at the nerve ending 

A better understanding of the mechanism of hypotensive 
action of methyldopa may result from a more detailed 
investigation of tyramine responses, as well as studies of 
the interactions of noradrenaline and the «-methyl-amines 
at receptor sites in the arterioles and in the bram Durmg 
preliminary mvestigations we have found that the clinical 
hypotensive response, in both degree and duration, bears 
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a closer relationship to the magnitude of tyramme response 
than to any other parameter While this evidence 1s 
indicative of a peripheral site of drug action, it must be 
borne m mind that methyldopa also has central activity 
Furthermore, frequent lowering of blood pressure m man 
1n the supine as well as erect positions 18 difficult to explain 
solely on the basis of a peripheral action on sympathetic 
mechanisms 
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Acetylcholine-releasing Material in Neural 
Tissues 


Wane examming cholinergic substances m sciatic 
nerve, we noted that acetone extracts of nerve caused 
a slow contraction of the guinea pig uleum (Fig 14) 
Identical lypid extracts of brain had the same effect (Fig 
1B); similar actrvity could not be detected in kidney, 
intestine, lung or liver A salient characteristic of the 
hpoidal material 1s that its action 18 completely blocked 
by atropine at a dose, 6 ng/ml, that blocked the action 
of acetylcholine The lipoidal material causes a slower 
contraction than does acetylcholine (Fig 1), the maternal 
1s resistant to acetylcholinesterase, which destroys acetyl- 
choline ; the material retains activity after heating at pH 
10 for 5 min im a boiling water bath, conditions which 
destroy acetylcholme, the material does not act on a strip 
of ileum that bad been stored either at room temperature 
for 1 day or at 4° C for 3 days, whereas acetylcholine elicits 
the usual contractions , finally, the material 1s not active 
on the anoxic ileum, which responds to acetylcholine 
(Table 1) 

Failure of the maternal to act on the stored? or anoxic? 
uleum (Table 1), and the sensitivity of the activity to 
atropine suggested that the substance may act by releasing 
acetylcholine from the nerve plexus in the wall of the 
leum This inference was strengthened by investigations 
with a hemicholinrum (HC-3), which prevents the synthesis 
of acetylcholme in nervous tissue*® and prevents the 
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Fig 1. <A, Action of a lipid extract (2) of the sclatic nerve of the rabbit 
on the guineas pig neum , B, Action of a lipid extract of pig bram on the 
guinea pig eum Numbers refer to ng of acetylcholme The eum 
was bathed in § ml of Tyrode's solution contamimg mepyramme, 5 ug/l, 

and lysergic acid diethylamide, 50 xg/l 
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Table 1 Errect oF VARIOUS CONDITIONS AND DRUGS ON THR ACTION OF 
THE EXTRACT ON GUINEA PIG ILEUM 


Treatment Concentration Activity of extract 
(ug/ml ) (% of normal) 
Storage of eum 
24 h, 26°C — 0 
3 days, 4° C — 0 
Anoxic eum — 0 
Incubation with acetyichohnesterase — 190 
Heating extract at pH 10 for 5 min — 290 
Lvsergic acid diethylamide 0 500 100 
Mepyramine 0 605 100 
Atropine 9 006 0 
HC-3 (2 x 10° M) 13 
Hexamethonium 20 0 100 
Tetraethy lammonium 400 106 
Cocama 40 101 
Morphine 0 001 0 


action of the extract on the deum without mhibiting the 
effect of either acetylcholine or bradykinin (Fig 2) 

The action of the material cannot be accounted for by 
a stimulation of the ganglia m the wall of the ileum, for 
hexamethonium and tetraethylammonium, m doses that 
block the action of ganglionic stımulants!, did not mhibit 
the action of the extract Since cocame did not prevent 
ts action, the material cannot be actmg through stimu- 
lation of the nerve fibres ın the lleum’. Blockade by 
morphine (Table 1) ın doses that prevent the release of 
acetylcholine from nerve endings®»* strongly umphes that 
the material causes contraction by releasing acetylcholine 
from the nerve endmgs m the deum Direct evidence that 
the extract causes enhanced release of acetylcholine was 
obtained by measurmg® the amount of acetylcholine re- 
leased ın 20 minutes from the resting ileum, before and 
after exposure to the nerve extract (Fig. 3) 

The material differs from substance P, the effect of 
which was not blocked by atropme It also differs from 
bradykinin not only m its mhibition by HC-3 (Fig 3), 
but also in 1ts antagonism by atropme The action of 
§-hydroxytryptamine 1s mhibited by lysergic acid diethyl- 
amide and cocaime, while the effect of histamine is m- 
hibited by mepyramune , none of these inhibitors influenced 
the action of the extract (Table 1) 

The material may function ın a presynaptic event lead- 
ing to release of the neurotransmitter at cholinergic nerve 
endings)°-?2 and, therefore, may be mmplicated in the action 
of botulunum toxm, which prevents release of the cholin- 
ergic transmitter, and m myasthenia gravis, m which a 
presynaptic malfunction has been suggested Perhaps of 
greater mterest 1s the observation that morphine totally 
blocks the action of the material on the ileum ; the leum, 
in responding to analgesic drugs m a manner that reflects 
analgesic potency and m developing ‘tolerance’ to and 
‘dependency’ on morphine, demonstrates a neural net- 
work that 1s analogous to more complicated networks? 
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Fig 2 The mhibition by HC-3 of the action of the extract 


from sciatic nerve Tyrode’s solution containmg 2 x 10-* M of HC-3 
was added to the chamber containmg the guimea pig ileum at zero-tume 
At intervals of 4 min, the test substances were added to the bath In 
one experiment, 200 ng of bradykimn {O} was compared with the 
extract (@) , in another, 20 ng of acetylcholine (A) The curve showing 
activity of the extract is the average of both experuments 
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Fig. 3. Enhanced release of acetyicholine from the Ueum by the 

extract of sciatic nerve. Numbers refer to ng of acetyicholine. E 1-0 mi. 

bs~Hengeleit solution from the 5'0 ml, in which the ileum (0-35 g) 

had been immersed with the extract for 20 min. C identical with 

#, except that no extract was added to the chamber. Tn the absence 

of the extract, 62-2 ng of acetylcholine was released from the ileum in 
20min: in the presence of extract, 87-3 ng was released. 
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The agglutination of platelets as well as the liberation 
of vaso-active amines or phospholipid by the action of 
antigen-antibody complexes!-§, of endotoxin®:’, and of 
anaphylatoxin’? has been reported. Complement partici- 
pation has been considered essential at least in some of 
these reactions. Since complement also depends for its 

activation on the presence of metal ions, a participation 
of the blood clotting system cannot be excluded in several 
of the experiments reported, particularly since the 
‘plasmatic atmosphere’, even of washed platelets, ¢ 0: nte i 
most of the factors required for thrombin formatio 

Recently it has been reported that a heparinoii “(pe 
anetholsulphonate—Liquoid’, Roche) is also capable of 
inducing in vivo morphological platelet changes resembling 
viscous metamorphosis’. Hoeparinoids, like heparin, 
generally display antithrombin and anticomplement 
activities. In the experiments reported here, the effects 
of ‘Liquoid’ and of antigen-antibody complexes on platelets 
have been studied under conditions which exelude partici- 
pation of the blood clotting system. 

Washed human blood ‘platelets were isolated as de- 
seribed before’ and used within 24 h after collection. 
Adenosine triphosphate was determined in samples 
deproteinized with 3 per cent trichloroacetic acid; com- 
mercial reagents were used (Boehringer und Söhne, Mann- 
heim, Germany}. ‘“Liquoid’ (Roche) was brought to a 






1 per cent solution in 0-15 M saline. Insoluble antigen~ 
antibody complexes were prepared by incubating the 
antigens (human serum albumin obtained from. the 
Central Laboratory of the Blood Transfusion Service of the 
Swiss Red Cross, Berne, or chicken serum) with the corros 
sponding rabbit antisera for 30 min at 37° 0. -The sero- 
logical precipitates formed were collected by centrifugation 
and resuspended in an undiluted commercial hirudin 
solution. (‘Hirudex’, ANA, Paris.) Hirudin acts as a 
powerful inhibitor of thrombin. 

All incubation mixtures contained the following com- 
ponents: 20 x 10° platelets/yl.; imidazole-hydrochlorie 
acid buffer, pH 7:4, 003 M; EDTA 0-005 M; MgSo, 
0-008 M; highly purified human fibrinogen 0°05 per cent; 
and sufficient sodium chloride to bring the mixture to 
isotonicity (300 pmoles/ml.). To this were added: 
thrombin (3-8 tu./ml.), or ‘Liquoid’ (Roche) (0-05. per 
cent}, or antigen-antibody precipitate (0:3 per cent 
Ce eo a a protein). Nati a. parentheses represent. final concentra- 
PSE eg ge aati eA i a Ra ok _ tions in total incubation mixture. 

j eir Ai 1., and Macintosh, F. C., Canad. J, Biochem. Physiol., 39, 787 The addition of ‘Liquoid’ leads to an immediate aggro- 
* Prado, J. L., and Carlini, E. A., Arch, int. Pharmacodyn., 122, 100 (1958). gation”-of the suspended platelets, followed by active 
*Gaddum, J. H., and Picarelli, Z. P., Brit. J, Pharm., 12, 323 (1957). contraction of the formed aggregate. In fact, speed of 
te eae peti = ea o contraction and general appearance of the contracted 
ji w W. E. Arch, pe Po a 488 (1960). aggregates are indistinguishable from those formed by the 
n Werner, G., and Kuperman, A. 8., Handb, exp. Pharm., 15, 570 (1903). action of thrombin (Fig. 1). ATP is consumed in the 

“oelle, O. Buo J. Pharm. and Pharmacol., 14, 65 (1962). course of the action of ‘Liquoid’. on platelets, and the 
ere ee resultant curves of ATP-consumption are identical with 
those obtained after addition, of thrombin i ig 2ye 
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_ HAMATOLOGY 


f Viscous Metamorphosis in 
latelets by means other than 
by Thrombin 


a Yisdovs metamorphosis is characterized by the morpho- 
d biochemical changes displayed “by the blood 
uring the coagulation of blood. Thrombin is 
og y thought to be the activating agent. In the 
ours of viscous metamorphosis, vasoactive substances 
ing 5-hydroxytryptamine, adrenaline and histamine, 
rel as phospholipids (platelet factor 3) essential for 
asic prothrombin conversion are liberated. Viscous 
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gpl { , obtained iy the addition 
of amb in the presence of an excess of EDTA: bottom, retracted 
clot. (with thrombin and Mg*+-ions); de ft, -tetrao eted platelet aggregate. 
(with ‘Liquoid’ + Mg@*+-ions); right, retracted ‘platelet. sogrogate {witb 
antigen-antibody precipitate + Mgtt-ions + hirudin) 
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Fig, 2.0 ATP-levels in platelets incubated with: (1) 0-15 M sodium 


ehioride; (2) ‘Liquoid’ (Roche); (3) thrombin 


Mixtures of human platelets and human albumin- 
-antialbumin precipitates also show contractile activity and 
ATP consumption, the only difference being that the 
reaction proceeds at a slower rate. An immune complex 
formed from chicken serum and rabbit anti-chicken anti- 
serum gave similar results. In Ouchterlony tests, chicken 
serum proteins did not show evidence of cross-reaction 
with human serum. This indicates that immune complexes 


-= devoid of components which might be present as antigens 


- in the ‘plasmatic atmosphere’ of the platelets still react in 


the same way. 


'. These results leave no doubt that typical manifestations 
_ of viscous metamorphosis, that is, ATP-consumption and 


: retractile activity, are shown by human platelets under 


-o the influence of a heparinoid as well as in the presence of 
< entigen—antibody complexes. In the latter instance, 
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Effect of Nitrogen Mustard on 
Erythrocyte Acetyicholinesterase 


NirRoGEN mustard (EIN) is known to inactivate certain — 
enzymes, particularly hexokinases and phosphatases, in __ 
addition to the better-known effects on nucleic acids ~_ 
common to all alkylating agents’-*. In the course of = 
examining the effects of nitrogen mustard on circulating 
erythrocytes, it became important to assay its effect, if 
any, on erythrocyte acetylcholinesterase. This enzyme 
is located on the red cell surface, accessible to trypsin 
inactivation‘. 7 

Determinations were first attempted in the rat, but. no 
erythrocyte acetylcholinesterase activity could be demon- 
strated in this animal, using Sabine’s method’, Reports  —__ 
of acetylcholinesterase activity in cellular fractions of 
rat’s blood? are undoubtedly due to the presence of 
platelets, in which it is present in unusually high quan: 
tities’. In vitro determinations of human red cell acetyl- 
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cholinesterase activity were therefore undertaken, using 
Burman’s modification of Michel’s method". Twice- 
washed erythrocytes, resuspended in an equal volume of 
0-85 per cent saline, were incubated at 4° C with 5 con- 
centrations of nitrogen mustard : 

(a) 6-6 mg/l., which, assuming a total blood volume of 
60 ml. /kg (ref. 12), is equivalent to a therapeutic dose of 
0-4 mg/kg; (b) 25 mg/l., equivalent to the LD,, of 1-5 mg/kg; 
(c) an arbitrary concentration of 100 mg/L; (d) a concen- 
tration of 800 mg/l., recommended for chemical steriliza- 
tion of blood” ; (e) an arbitrary concentration of 1,600 mg/l. 
Incubation with acetylcholine in buffer at 23°C was 
commenced 1 h after addition of nitrogen mustard, and 
pH change recorded at 30 and 60 min. 

Results are shown in Fig. 1. Activity appears to be 
unaltered by 1 h exposure to therapeutic or LDse 
levels of the drug. On the other hand, an effect is 
apparent in the concentration range from 100 to 1,600 
mg/l, and this effect is approximately related to the log 
of the concentration. These concentrations, however, can 
only be produced in vitro, and it appears that nitrogen 
mustard has no direct effect on the acetylcholinesterase 
of circulating erythrocytes at levels likely to be found in 
biological usage. 
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HISTOCHEMISTRY 


Influence of Adrenocorticotrophic Hormone, 
<: Hydrocortisone and Hypophysectomy on 

-the Distribution of 8-Glucuronidase in the 

Adrenal Cortex of the Rat 

Tw an extensive investigation of the activity and 
localization of several enzymes found in the rat adrenal 
cortex in different experimental circumstances, strik- 
ing changes were noticed in the localization and the 
activity of the enzyme, #-glucuronidase. | 

Four groups of animals were examined. Each group 
consisted of 5 males and 5 females weighing 150 g : group 
I, control animals; group II, animals receiving 2 Lv. 
ACTH daily for 10 days, subcutaneously ; group MI, 
animals receiving 2 mg hydrocortisone daily for 10 days, 
subcutaneously ; group IV, animals killed 10 days after 
hypophysectomy. 

‘The rats were killed under ether anesthesia. The 
adrenals were dissected and stored for several days at 
20° C, Sections with a thickness of 10u were made in 
a cryostat. The | 
to demonstrate the presence of 8-glucuronidase. 
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‘he Fishman and Baker! method was used 
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Fig. 1. #-Glucuronidase activity of the adrenal cortex after treatment 


with hydrocortisone (x 25) 


Unlike most enzymes (alkaline phosphatase, acid phos- 
phatase, 5 nucleotidase, adenosine triphosphatase, ester- 
ases, aminopeptidase, succinic dehydrogenase and several 
other dehydrogenases) which are more or less specific for 
a special zone and correlate with an increase and decrease 
in the width of these zones, 8-glucuronidase showed a 
completely different localization under the various experi- 
mental conditions, : : 

The control animals and the animals treated: with 
ACTH and hydrocortisone showed, apart. from changes 
in the width of the zones, no striking differences... ‘The 
6-glucuronidase was localized in the zona reticularis and 
the zona fasciculata (Fig. 1). The peripheral part of the 
zona fasciculata in particular showed strong activity. No 





A-Glueuronidase activity of the adrenal cortex after hypo- 


Fig. 2. 


physectomy x 25) 
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activity was found in the zona glomerulosa. This enzyme 
pattern is similar to that found by Fishman and Baker 
in normal animals. Nayyar and Glick’, who estimated 
the enzyme in tissue fragments, also found strong activity 
in the central part of the cortex, diminishing gradually 
towards the capsule. l 

_A different pattern was found in the adrenals of hypo- 
physectomized animals. Here the zona glomerulosa and 
the most peripheral part of the zona fasciculata were 
strongly positive and the zona reticularis negative (Fig. 2). 
This observation is in agreement with the quantitative 
estimations of 6-glucuronidase in cortical fragments of 
hypophysectomized animals made by Nayyar and Glick. 
These authors found that after hypophysectomy the 
activity of 6-glucuronidase was diminished, the decrease 
being less than would be expected from the decrease in 
weight. This slight total decrease can be explained by 
' the increased activity in the zona glomerulosa found in 
our experiments. 

Both hypophysectomy and treatment with cortisone 
induce atrophy of the adrenal cortex. Our findings suggest 
that there is a principal difference in functional activity 
under these two conditions. 

Although Janigan and Pearse? did not accept Fishman’s 
and Baker’s method as specifie for B-glucuronidase, the 
changes found with this method after hypophysectomy 
suggest such a specificity. 
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A Histochemical Technique for the 
Demonstration of Cytochrome c 


HitHERTO no method has been reported for the histo- 
chemical demonstration of cytochrome c in tissue sections. 
It has recently been shown, however, that cytochrome c 
behaves like a ‘true’ peroxidase at low pH in a pyrogallol- 
hydrogen peroxide system}. In this communication a 
methcd is described based on the peroxidatic activity of 
cytochrome c. 

The kidneys of adult albino rate (Wistar strain) were 


>. used because they are known to be rich in cytochrome c ?. 


The rats weighed 220-355 g, and were fed a normal diet 
ad libitum. The kidneys wore perfused in situ through 
the aorta with a dextran preparation (“Intradex’, Nyegaard 
and Co., Oslo). After perfusion the kidneys appeared 
quite pale both on the surface and in sections. The 
freeze-drying technique was used as the in vivo local ization 
of proteirs is preserved by this procedure’. Transversal 
blocks of about 1 mm in thickness were prepared, mounted 
on copper plates and rapidly frozen in isopentane cooled 
by liquid nitrogen‘. Thereafter, they were dried in vacuo 
at a temperature between — 35° C and —40° C, Next, the 
tissue blocks were infiltrated for 1-5 h in vacuo at 40° C by 
a mixture of polyethylene glycols (Farbwerke Hoechst 
AG, Germany), grade 1,000 and 600 (2: 1, v/v (ref. 5) ). 
Finally, they were embedded in a mixture of polyethylene 
glycols. grade 2,000 and 1,000 (56 : 44, v/v (ref. 6) ). 
Polyethylene glycol was used because the sections could 
then be placed into the staining solution without further 
pre-treatment. Serial sections of 5u were cut. and put 
into absolnte acetone. The sections sank to the bottom, 
and the polyethylene glycol disintegrated partly, leaving 
the cytochrome c unextracted. The wrinkles flattened 
out well, end the sections were transferred to cool glass 
slides, and air-dried. Persisting small amounts of the 
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wax were dissolved in the staining solution. Alternatively 
the sections were mounted directly on to the slides by 
gentle pressure by the fingers. The sections always 
adhered to the slides throughout the procedure. 4! 
Serial sections were stained by one of the following 
methods: (1) Ehrlich’s hematoxylin/eosin; (2) Benea’s 
staining for mitochondria’; (3) peroxidase staining for tho. 
demonstration of cytochrome c as described in the follow. 
ing text. ae 
Out of a number of oxidizable substances tested, only 
benzidine, with sodium nitroprusside present, was found 
satisfactory. The following method was found empirically - 
to give optimal histochemical results: 


Reagents: 

A Benzidine 03g 
Sodium nitroprusside 0-2 g 
Ethanol (70 per cent, v/v) 150 mi, 
Glacial acetic acid 1 ml. 

The pH of this solution was about 4-8, 

B Hydrogen peroxide (30 per cent, w/v) 2-5 ml. 
Glacial acetic acid 2-0 mil, 
Ethanol (70 per cent, v/v) 100 ml, 


The pH of this solution was about 3-6, 


The sections were left in solution A for 1-10 min and 
then directly transferred to solution B for 1 min. After 
thorough washing in 70 per cent ethanol, they were 
counterstained for 1 min in 1 per cent aqueous solution of 
neutral red. The sections wero then dehydrated and 
cleared through the usual ethanol-xylene series and 
mounted in ‘DePeX’ mounting medium (George T. Gurr, 
Ltd., England). 

The quality of the freeze-drying was revealed by stain- 
ing with hematoxylin—eosin, and the mitochondria were 
visualized by the specific staining according to Beneš. 
Peroxidase activity attributable to cytochrome c caused 
the ‘appearance of dark blue eytoplasmatic granules 
(Fig. 1). The nuclei and the cytoplasm, except for the 
mitochondria, stained deeply red, providing an excellent 
contrast. The granules, representing precipitates. of 
oxidized benzidine (‘benzidine blue’), were confined to the 
mitochondria: actually, these appeared better defined 
than in sections stained with conventional techniques. 
The precipitates of ‘benzidine blue’ are very stable, and 
the sections could be stored without special precautions 
for at least a year. 





Fig. 1, The intracellular distribution of peroxidase activity, attributable `. 
to cytochrome ¢, in the. thick, ascending limb of Henle’s loop in the 
outer medullary zone of the tat kidney. Finely coarsed, dark blue 
precipitates of oxidized. benzidine (‘benzidine blue’) are seen tightly 
packed basally and perinuelearly, closely confined to the mitochondria, 
Peroxidase staining (no counter-staining) (x e. 880) 
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The tissue sections showed a well-repro- 
ducible and characteristic distribution 
pattern for cytochrome c in the different 
zones and along the individual nephrons. 
The activity was greatest in the thick, 
ascending limb of Henle’s loop and in the 












proximal and distal convoluted tubules. 
In the glomeruli no activity could be 
demonstrated. In the collecting ducts, 
the ‘dark’ (‘intercalated’) cells gave a 
strongly positive reaction, best seen in the 
outer cortical zone. In the ‘light’ cells 
only some scattered blue precipitates 
appeared in the outer cortical zone. 

The specificity of the reaction is of prim- 
ary interest. The cytochemical localiza- 
tion of the peroxidase activity matches 
that obtained for the sub-cellular fractions 
of perfused rat kidney homogenates*. By 
this method the main peroxidase activity 
was found in the mitochondrial fraction. © Fig. 1. 
Other cytochromes (a3, @, and b) do not = 
interfere with the reaction, since the 
staining reaction is negative when the sections are 
washed in physiological saline prior to staining. Cyto- 
chrome c is the only cytochrome in animal tissues known 
to be extractable by saline’. This hemoprotein could 
also be demonstrated in the saline washings by means 
of the peroxidase method!. Catalase shows no per- 
oxidase activity in acid solution”. Thus, the histo- 
chemical method appears specific for cytochrome c. 

I thank Prof. K.-G. Paul, Department of Medical 
Chemistry, University of Umea, Sweden, for his advice, 
and Dr. A. Attramadal for help during the freeze-drying 
procedure. T. FLATMAREK 
Institute for Thrombosis Research, 

University Hospital (Rikshospitalet), 
Oslo. 
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PATHOLOGY 


Adenosine Triphosphatase in Normal and 
Scorbutic Wounds 


“= Ascorstc acid deficiency produces well-known altera- 
tions in wound healing. Using histoenzymatic techniques 
“important changes have been described such as a decrease 
in alkaline phosphatase’ and a relative increase in acid 
phosphatase? in scorbutic wounds as compared with 
controls. With the technique proposed by Wachstein and 
"Meisel? for the demonstration of adenosine triphosphatase 
a marked response appears in blood vessels. This investi- 
gation was carried out in order to examine adenosine 
. triphosphatase-positive blood vessels in wounds performed 
in al and scorbutic animals. 
five guinea pigs were divided into three groups: 
y (6 animals), partial deficiency (9 animals) 
rols (10 animals). The diet used was that proposed 
t al.4 in a way similar to that described in a 
“paper?. Wounds in dorsal skin and tongue were 
nals killed after three days and one week 
ays and 1, 2 and 3 weeks (partial 
“The wound area with a wide 
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Seven-day skin wound, Wachstein and Meisel technique, incubation. time 3 h. 
A, Control animal; B, chronic scurvy l 


formalin and processed according to the technique of 
Wachstein and Meisel. 

In control animals an intense response was noted in 
blood vessels, especially those newly formed, and. & 
moderate reaction in fibroblasts. The granulation tissue 
area was easily recognized for the abundance in blood 
vessels which adopted a characteristic pattern perpen- 
dicular to the wound surface (Fig. 1,4). This vascular 
orientation was observed until the wound became epithel- 
ized; at this time blood vessels appeared reduced in 
number and lost their orientation. : : 

In vitamin C-deficient animals, adenosine triphosphatase 
appeared with the same localization and intensity as in 
controls, but a striking difference in distribution of blood 
vessels was observed. In as yet unepithelized wounds, a 
complete lack of orientation of blood vessels was: noted, 
forming a reticular pattern (Fig. 1,B).: This distribution 
of blood vessels was seen both in chronic and acute 
deficiency wounds. When the wound appears epithelized 
blood vessels were seen reduced in number and with an 
irregular distribution both in controls and deficient 
animals. 

This work was supported by U.S. Public Health Service 
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(Metyrapone) on the Production of Mammary 

Tumours induced in Rats by Oral Feeding 

with Dimethylbenzanthracene | 

Tur oral administration. to rats of 9,10-dimethyl- 
1.2-benzanthracene (DMBA) has become an accepted 
method of producing mammary tumours for experimental 
purposes!. This treatment has also been shown to cause 
massive adrenal necrosis? which can be prevented by 
simultaneous administration of 2-methyl-1,2-bis-(3- 
pyridy])-1-propanone (metyrapone)*. This communication 
reports the effects of metyrapone on the incidence in rats 
of mammary tumours induced by oral DMBA. 
~ Rats descended from stock imported from Sprague- 
Dawley of Madison, Wisconsin, and. commercially available 


 OMBAs+METYRAPONE 





40 60 


Days since carcinogen 
Fig. 1 


80 100 


20 


in Britain, were used. A total of 440 rats was divided 


“into two groups by a formal randomization process. In 


the first group each rat was given one subcutaneous 
injection of 40 mg of metyrapone in 4 ml. of corn oil, 
-> followed 12 h later by 50 mg of DMBA in 2 ml. of corn oil 
.. by intragastric tube. In the second group no metyrapone 
~ Was given but each rat received the same dose of DMBA 
as in the first group. The DMBA was given on the 54th 
- day of life. Three days after the administration of DMBA 
one-fifth of the rats from each group were killed by coal 
gas. The adrenals were dissected out, fixed in 10 per cent 
_ neutral formalin and embedded in paraffin. Sections were 
cut at 5u and stained with hematoxylin and eosin. 
-Histological examination of the fixed and stained 
adrenals showed that only 3 out of 33 rats developed 
adrenal necrosis in the group receiving metyrapone + 
DMBA, in contrast to 31 out of 40 rats which developed 


-massive adrenal necrosis in the group receiving DMBA 


alone. This supports the findings of Currie et al.?, although 
the dosage of metyrapone in the present experiments 


differs from that previously reported. 


During the 3 months after giving DMBA fewer rats 
developed tumours in the group given metyrapone + 
_DMBA than in the group given DMBA alone, but the 
differences are not statistically significant. P <0-2>0-1 
-. (Fig. 1, Table 1). The difference, however, between the 

» total tumours produced in each group by 100 days is just 
significant at the 5 per cent level (Table 2). It has been 


“shown by Young and Cowan‘ that some of the tumours 


induced by orally administered DMBA stop growing while 


a others regress spontaneously. The incidence of adrenal 


_. necrosis and the relative proportions of growing, static and 

spontaneously regressing tumours are given in Table 2. 
_It is clear that whereas metyrapone has almost com- 

pletely prevented the occurrence of massive adrenal 


z necrosis, it has not materially affected the induction period 











(0, OF RATS DEVELOPING MAMMARY GLAND TUMOURS IN GROUPS 
IVEN METYRAPONE + DMBA axp DMBA ALONE 


Days after DMBA 60 80 100 
{Rats with tumours 22/69 33/69 41/69 
Total tumours 
“Rats with tumours 38/89 57/80 62/89 
Total tumours a 65 137 176 
7 oP z 18. N.S. AS, BS. TLS. 0-05 


able 2. Proportions or GROWING, STATIC AND SPONTANEOUSLY RE- 
 GRESSING TUMOURS AND INCIDENCE OF ADRENAL NECROSIS IN RATS GIVEN 
a O U METYRAPONE + DMBA AND DMBA ALONE 
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mours in the =~ 
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Incidence of Squamous Cell Carcinoma in Mice 
fed 9,10-Dimethylbenz(a)anthracene 


9,10-Dimethylbenz(a)anthracene (DMBA) has been used 
to induce neoplasms in experimental animals. for some 
years'. However, the oral route of administering this 
compound has received little attention. Engelbreth-Holm 
and Poulsen? increased the incidence of leukemia and 
mammary carcinoma at an early age, and Saxén et al? 
induced carcinoma of the forestomach by feeding DMBA 
to mice of strain Street (then, not an inbred strain), — 
Saxén‘ used irradiated C57Br mice for his DMBA feeding ` 
experiments. It was considered of interest to extend 
these observations. on feeding DMBA under different = 
experimental conditions and on other strains of mice. oer 
This communication reports the successful induction of 
neoplasms with a low total dose of the carcinogen. It 
gives the incidence and describes the pathological changes 
observed when C57Br and C3H mice were tube fed with a 
DMBA emulsion. 

Two strains of mice, C57Br and O3H, were used in these ; 
experiments with about equal numbers of male and female 
animals in each group. A 30mg per cent emulsion OF oe 
9,10-dimethylbenz(a@)anthracene (DMBA) was- prepared 
in 5 per cent ‘Triton-100 (alkyl aryl polyether alcohol), foe 
commercial surface-active emulsifier. The carcinogen was 
introduced into the stomach of mice with a polyethylene — oe 
tube in 0-3 ml. feedings. A group of C57Br mice about 
2 months old received 3 feedings a week for 10 weeks; a 
group of C3H mice about 6 months old received 2 feed- 
ings a week for 4 weeks and one feeding per week for 7 
weeks, a total of 15 feedings in 11 weeks. Another group 
of C57Br mice, about 6 months old, received a single 
feeding of DMBA emulsion. Two groups of control mice 
of strain C57Br received 0-05 per cent ‘Triton-100" in place — fee 
of drinking water throughout the experimental period. 
One control group was one month old and the other eight o= 
months old at the start of the experiment. All the mice < 
were fed a diet of Purina laboratory chow pellets, andi ooo 
examined at regular intervals to determine their general 
health, and for signs of developing lesions. An animal was 
killed when a lesion was. suspected or when its general = 
condition was poor. All mice were autopsied and 
specimens for histological examination were taken fror 
each tumour mass and also from different parts of th 
stomach, intestine, spleen, kidney, liver and lungs 
Tissues were fixed in Zenker-acetic or Zenker-forma 
fluids and embedded in paraffin. Microscopic section 
were stained routinely with hematoxylin and eosin. 

Tube feeding of 0-3 ml. of DMBA in 5 per cent “Triton 
100°, 3 times a week, was well tolerated by mice. Feedin 
of 0-05 per cent “Triton-100’ in drinking water to contro 
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were diagnosed as precancerous or papullomatous lesions 
depending on their mvasiveness The lesion of the fore- 
stomach of the mouse observed m this study 1s srmuar to 
the lesion induced m the mouse forestomach with methyl- 
cholanthrene and dibenzanthracene These lesions have 
been adequately described and illustrated by Stewart 
et al* and Firmmnger and Stewart’ The meidence of 
squamous cell carcinoma ın the forestomach of mice recelv- 
ing various treatments and that survived over 100 days 
after the treatment was started is hsted in Table 1 The 
incidence was 73 5 per cent m C57Br mice which received a 
total of 2 7 mg DMBA 2n 30 equal feedimgs, 40 5 per cent 
in C3H mice that received 1 35 mg DMBA ın 15 feedings 
and 8 5 per cent in C578r mice that received 90 ug DMBA 
in a single feedmg ‘There was no appreciable sex differ- 
ence m the incidence of this tumour, however, 4 carcinomas 
appearing in the group receiving a single dose of DMBA 
were all in female mice 
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Table 3 INCIDANCE OF Squamous CELL CARCINOMA OF FORESTOMACH IN 
NOCHE FED 9,10-DINETHYLBENZ(a)ANTHRACENE 
Mouse Total DMBA Duration Caremomas 
stran Sex No Doses ingested (mg) (days) No a, 
Cé7.Br M 22 15 680 
30 27 245 735 
C57 Br wo 27 21 778 
C3H M 24 10 417 
15 135 245 40 5 
F 13 5 885 
Od7.Br M 28 0 0 
t 009 300 
Cd57Br F 19 4 210 
C57 Br M 10 0 0 
+ 256 30 
F 23 1 43 
C57Br M 15 0 0 
Å 682 0 
Cb7.Br F 36 0 0 


* 60 mg per cent ‘Triton-100’ in drinking water 


One squamous cell carcinoma of the forestomach was 
observed m a female, ın a group of 33 control mice, but 
there was no incidence of cai cinoma in the second group of 
51 control mice As animals in the second control group 
received 005 per cent “Priton-100’ for about 400 days 
more than the mice ın the first group, 1t was concluded that 
the caremoma in the first group was probably not caused 
by “[riton-100’ ın the drinking water 

Hyperkeratosis of the forestomach was common in most 
of the mice ım both control and expermental groups 
However, the group of mice recerving a single dose of 
DMBA showed 3 (6 4 per cent) precancerous lesions and 
14 (29 8 per cent} papillomas, while all mice ın both control 
groups showed no precancerous lesions and only 5 9 per cent 
papillomas 

The vehicle, ‘Triton-100’, used for DMBA admunistra- 
tron and fed in drinkmg water to control mice, 1s one of a 
series of compounds with predomimantly hydrophylic 
properties and demonstrated power of strong penetration 
in the glandular mucosa of the stomach? Control mice 
received a maximum total dose of over 3 ml of the vehicle 
per mouse durmg the experimental period This dose of 
‘Triton-100’ did not mmduce any abnormal changes m the 
forestomach or glandular stomach of the mouse ‘The 
maximum dose of ‘Triton-100’ received by an experimental 
mouse was only 0 45 ml 

In the feeding experiments of Lorenz and Stewart®?, the 
range of carecmogenic hydrocarbon mgested by a mouse 
during the expermmental period was about 100-250 mg of 
methylcholanthrene or dibenzanthracene in olive oil 
emulsion® and 50-200 mg of the same hydrocarbons m 
mineral oil emulsion? Engelbreth-Holm and Poulsen? 
were the first to tube-feed DMBA to mice They used a 
glass tube and probably because of trauma to the esophagus 
only 68 of 175 mice survived to be 4 months old Total 
DMBA admmiustered per mouse was 2-6 mg ‘They did 
not report any forestomach lesions ın therr mice Saxén 
et al® working with Street IT stram mice administered a 
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total DMBA dose of 0 3-4 mg by polyethylene tube They 
found forestomach carcmomas m 3 out of 9 mice receiving 
0 6 mg (600 ug) as a total DMBA dose, but no carcmomas 
in mice receiving 300 pg of DMBA Under my experi- 
mental conditions a smgle dose of 90 ug DMBA admmı- 
stered orally gave undisputed evidence of the mduction of 
carcmoma Induction of neoplasms m 10 per cent of muce 
by a dose of a fraction of a mucrogram of carcmogen 
(008 ug of dibenz(a,k)anthracene subcutaneously to 
12 h old mice) was recently reported by O’Gara et al + 

I thank Dr H L Stewart for help with the histo- 
pathology work 
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Tumour-enhancing Activity of the Active 
Principles of Croton tiglium L. 


THE potent tumour-enhanemg agent croton oil (from 
the seed of Croton taglum L ) has been used for many 
years ın biological mvestigations of the cause of cancer! 
and, several unsuccessful attempts have been made to 
purify and to describe chemically the active components*»* 
The isolation and chemical structure elucidation of pure 
compounds which are active tumour-enhanemg agents 18 
important smee ıb will facilitate new and definitive 
studies on the mechanisms of carcmogenesis and co- 
Carcinogenesis 

We described recently the chemical constitution of a 
crystalline product obtamed by catalytic hydrogenation 
of the tumour-enhancmg fraction of croton resm? ‘This 
material, which 1s a fatty acid ester of a polyphenol, was 
shown to be very similar to the active materials in rts 
chemical constitution 

The notable biological activity of some materials 
obtained from the active mixture of compounds are de- 
seribed here The isolation of these compounds ıs deseribed 
elsewhere® 

All matenals were tested by skin-painting on female 
Swiss Millerton mice. The animals were first given a 
single apphecation of 17,12-dimethylbenz(a)anthracene 
(DMBA) apphed m acetone solution by micro-pipette 
The dose of carcmogen applied (150 or 300 ug) was at 
such a level that ıt did not by itself give any skin tumours 
The primary treatment was followed 14 days later by 
three-trmes weekly applications of promoters 

In the first test, 18 animals were used m each group; 
150 ug DMBA was used as mitiator The promoters were 
apphed three tımes weekly, 25 pg dissolved ın 100 mg 
acetone per apphcation, applied on the chpped mouse 
skin with a Number 5 camel hair brush The results are 
shown in Fig 1 In this experiment the vesicant fraction, 
croton resin, prepared as described by Cherbuliez*, 18 
compared with a column-chromatographic fraction derived 
from ıt and the whole croton seed extract Concentration 
of activity was achieved ın the croton resin and its sub- 
fraction Control groups, also with 18 animals per group, 
meluded anmmals which received DMBA only, promoters 
only, solvent only, and a group which received no treat- 
ment One anmal with a papilloma was observed m 
each of the two control groups which recerved only croton 
resin or its sub-fraction 
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Fig 1 Tumour promotion by croton fee extract and fractions derived 
TOM i 


Mahgnant tumours were observed in the promotion 
experiments with croton resin and its sub-fraction as early 
as 100 days after mitiation At the end of one year, 70 
per cent of the surviving animals which had received 
DMBA. followed by croton resin had squamous cell 
epidermoid carcinomas These were usually situated at 
the sites of previous papillomas None of the animals m 
the control groups showed malignant tumours at the end 
of one year 

Histological examination of papillomas showed pro- 
hferative changes in the epidermis with marked keratiniza- 
tion, acanthosis and mtact basal layer Histological 
examimation of the epidermoid caremomas showed 
marked atypia of epidermal cells, mitoses, keratin pearls 
and break-through of the basal layer Sheets and clumps 
of tumour cells were present m the subcutis 

Progressive purification of the biologically active 
mixture led to two components, labelled A and C, which 
showed single spots on thm-layer chromatograms’ Both 
these matenals are powerful irritants and showed high 
tumour-enhanemg activity as shown in Table 1 Twenty 
female Swiss Millerton mice were used in each of the two 
groups <A single dose of DMBA, 300 ug m 015 ml 
acetone, was given to each animal After a 2-week 
interval the animals in one group received three times 
weekly pamtings of A and the other received C, 5 ug 
material was apphed m 01 ml acetone per application 

The control groups, 20 animals per group, were as 
follows (1) a group which received a single appheation of 
300 ug DMBA m 015 ml acetone, (2) a group whieh 
received three times weekly applications of promoter A, 
5 ugm 01 ml acetone per appheation, (3) the same as (2) 
but with promoter C, (4) a group which received applica- 
tions of acetone three times weekly, 01 ml per applica- 
tion, (5) a group which received no treatment Tumours 
were not observed in any of these control groups 

The level of activity of compounds A and C is much 
higher than that reported for other tumour-enhanemg 
agents such as phenol’, the ‘Tweens’ and ‘Spans’? With 


Table 1 TUMOUR PEOMOTION WITH COMPOUNDS 4 AND C No OF ANIMALS 
WITH TUAOURS * 


Weekst 4 5 8 14} 
A 0 0 2 15 
C 1 11 17 20 
Cumulative weight of promoter 
applied per amma! (ug) 60 75 120 210 


* All tumours were benign papillomas and were confirmed microscopically 
+ After beginning of promotion 
3} All animals were alive after 14 weeks 
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‘Tween. 40’, for example, 60-80 mg of material was applied 
per animal, sıx times weekly® This is roughly 30,000 
times the weekly dosage of compounds A and C used ın the 
present work In the imterpretation of the work on 
‘Tween’ and related materials the presence of small 
amounts of active umpurities cannot be overlooked since 
massive doses were applied 

In another expermment two groups of 18 animals each 
recerved an initiating dose of 150 yg of DMBA After one 
year without further treatment the eleven survivors of 
one of the groups received pamtings three times weekly 
with 25 ug of croton resin dissolved ın 100 mg of acetone 
per painting The second group of fourteen survivors 
served as an untreated control Withm 37 days from the 
beginning of paintmg with croton resin two out of eleven 
animals doveloped papillomas and, after 120 days, 4 
animals had papillomas and two had squamous cell 
vpidermoid carcmomas Skin tumours were not observed 
m the control group Ths experiment confirmed an 
earlier experrment of Berenblum? in which 10 months was 
allowed to elapse between muitiation and promotion. 

Ths work was supported by grant O 5946 from the 
National Cancer Institute, US Public Health Service 
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IMMUNOLOGY 


Duration of Antibody Response to Soluble 
Antigen: Incorporation of Sulphur-35 Methionine 
into Normal and Antibody Globulin 


Ws recently reported? that precipitating antibodies were 
present ın chicken serum more than 300 days after two 
spaced intravenous myections of bovme serum albumm 
Antibody remaims detectable at 470 days post-injection 
with no apparent decrease in concentration havmg 
occurred over the last 300 days It 1s of theoretical 
interest to know 1f these antibodies represent the product 
of continued synthesis, approximating a steady state, or 
alternatively reflect the gradual release from tissue depots 
of antibodies synthesized at a much earlier tıme The 
present communication provides evidence favouring the 
former hypothesis 

Two chickens were injected intravenously with 1 me 
each of 35S-L-methionme (12 me /m mole), 470 days after 
the second injection of bovine serum albumm Serum 
samples obtamed both before and after myection of 
sulphur-35 were dialysed against three changes of buffer 
(01 M tris, 01 M sodium chloride, pH 8 0) contammg 
unlabelled t-methionime (0 01 M) followed by dialysis for 
several days agamst large volumes of buffer without 
methionme ‘The antibody content of the samples was 
then estimated by the method of Talmage and Maurer? 
using bovine serum albumm labelled with 10dine-131 to 
determme where 80 per cent of the added bovime serum 
albumin was precipitated (P-80) Disodium ethylene- 
diamine tetraacetate (EDTA) was added to a final con- 
centration of 001 M in order to eluzmmate, ın so far as 
possible, coprecipitation of non-antibody protem. A P-80 
for chicken 30 was 0 35 ug bovine serum albumin nitrogen/ 
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ml , for chicken 28, 0 9 yg bovine serum albumin nitiogen/ 
ml Antibody concentrations of these samples would be 
(P-80 x 5 5) about 2 and 5 ug nitrogen/ml respectively 
Determinations of specific activity were made on 1 ml 
aliquots of serum meubated with the P-80 concentiation of 
bovine serum albumm Tubes were meubated at 37° for 
2h and then at 5° for 4 days Precipitates (barely visible 
in the case of chicken 30) were washed three times with cold 
buffer contammg EDTA. and then dissolved ın 04 ml of 
0 1 N sodium hydroxide Protem nitrogen determinations? 
“were carried out with 0 2 ml of the solution removed care- 
fully with a Lang-Levy micropipette The remaining 0 2 
ml was analysed for radioactivity m a hquid scintillation 
counter (Packard, “Iri-carb’) Determinations of the 
specific activity of ‘normal’ globulins, that 1s, proteins 
msoluble ın one-half saturated ammonium sulphate, were 
carried out in similar fashion 
The contribution of non-antibody protein to precipitates 
was calculated from the radioactivity found ın precipitates 
of a heterologous chicken ummune system (pea seed 
globulin, anti-pea seed globulin) Antibody and antigen 
were first dialysed against buffer and then added ın 
equivalence proportions (with EDTA) to triplicate 1-ml 
serum samples The antibody content of the precipitates 
formed was similar to the bovine serum albumm system 
Tubes contaming serum and buffer alone were also assayed 
The latter contained no detectable protem (less than 0 2 ng 
nitrogen) and had essentially background radioactivity 
By contrast, no more than 0 2 ug nitrogen coprecipitated 
with each ug antibody mtrogen m the heterologous 
system, despite the presence of EDTA It is assumed that 
this applies equally to the bovine serum albumin system 
Even after subtraction of the contribution of non- 
antibody protem to precipitates, considerable activity 
remamed this 1s attributed to antibody (Table 1) At 
least 50 per cent of the estimated antibody content of 
precipitates would have to be non-specific protem (having 
the same specific activity as the normal globulins) in order 
to account for the total radioactivity present In addition 
to the data from the heterologous precipitim system, the 
close agreement of calculated antibody concentrations 
(P-80 x 5 5) with protem determimations usmg the Folin 
phenol reagent® argues against such gross contamination 


Table 1 ANALYSES OF POOLED SAMPLES TAKEN 7 AND 21 H AFTER INJECTION 
OF SuLPHUR-35 
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Counts* Counts Corrected 
(min (min anti-BSA specific 
pg anti-BSA > ug anti-pea globulin activity 
nitrogen) nitrogen) 
Chicken 30 
29 0 (20 7) 30 4 (8 2) 
14 37 
85 8 (16 3) 299 (9 1) 
22 33 
316 (18 6) 29 4 (8 2) 
17 36 
Mean (18 5) (8 5) 10 Of 
Chicken 28 
742 (14 9) 210 (6 0) 
50 85 
61 6 (12 8) 167 (4 9) 
50 34 
70 4 (12 1) 181 {4 9) 
58 37 
Mean (13 1) (5 8) 78t 


* All values based on 10-min counts 
r 21 per cent of the specific activity of normal globulins for chicken 30, 


28 per cent for chicken 28 

The ratios of specific activities, antibody to normal 
globulin, were reasonably constant over the time interval 
tested, ranging from 25 to 40 per cent for both chickens 
(Fig. 1). The significance of specific activity differences 
between normal globulins and antibody 1s not clear This 
is m part because of the heterogeneity of the globulin 
fraction. However, 1+ has been shown‘ that durmg the 
initial ‘phases of antibody responses the specific activity 
of antibody may be 2—3 times higher than the remainmg 
globulins. If the bulk of the globulin fraction represents 
antibody synthesized durmg recently muitiated ımmune 
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responses, then the lower specific activity of late antibody 
13 predictable The results do not permit a confident 
estimate of the half-lives of antibody, however, assuming 
they do not differ markedly from those of normal globulins, 
values of 60 h (No 30) and 75 h (No. 28) are obtaimed 
This agrees well with other estimates m chickens’ 


100 


Chicken ** 28 


Chicken 30 


Cp m jug globulin mtrogen 





10 


10 20 30 40 50 10 20 30 40 50 
Hours after injection of *S-methionine 
Incorporation of **S-methionme into antibody (4)* and normal 
globulins (N) 
* Corrected for non-specific protein 
** Original values multiplied by 2 


Fig 1 


In view of the long-continued active synthesis of anti- 
body, any theory requiring a direct role of antigen m 
antibody synthesis must obviously require also prolonged 
storage of antigen or specific fragments m relevant cells 
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Radiation Protective Effect and Pharmacologically 
Changed Activity of the Reticulo-endothelial 
System 


BACTERIAL endotoxins, zymosan and other complex 
polysaccharides are stumulants of the reticulo-endothehal 
system’ This follows from the enhanced phagocytic 
activity as measured by the rate of removal from the blood 
of intravenously myected carbon? But these substances 
also have a radiation protective effect, as has been found 
with mice, rats and hamsters‘ ‘Therefore, 1t 1s accepted 
that this radiation protective effect ıs causally connected 
with the enhanced activity of the reticulo-endothehal 
system and that, in general, the radiation resistance of an 
organism with an augmented activity of the reticulo- 
endothelial system 1s greater than with a normal activity 
state of this unspecific defence system5 This concept 1s 
in agreement with the conjecture that the prime cause of 
death after whole-body X-wradiation depends primarily 
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Table 1 ACTION oF SIMPLE LIPIDS ON THE PRAGOCYTIO ACTIVITY OF THE RETICULO-ENDOTHELIAL SYSTEM (RES) AND ON THN SURVIVAL RATE 30 DAYS 
AFTER X-IRRADIATION (MICE) 


Carbon clearance test and X-irradiation 24 h after wntravenous imjection of pid emulsions or suspensions 





Phagocytic activity 
Mean K. values 
Tapid Dose Control Inpid 
(mg) 
Obve oil 2 0 035 0 095 
Triolein 115 3 0 078 
Tricaprin 20 + 0 120 
i 40 ‘i 0 108 
2-Oleo-distearin 10 a 0 098 
7 20 » 0 057 
Ethyl palmitate 25 i 0 015 
‘i 50 ii 0 014 
Ethyl stearate 20 j 0 012 
'Ethyl oleate 23 3 0 018 
Cholesterol oleate 30 0015 





Survival rate after X-irradiation 
Difference Survival/Total ifference 
(per cent) Control Lipid (%) 
+170 45/194 =21% 103/226 =46% +25 
+ 123 84/129 =26% 44/114=39% +13* 
-+- 243 2/44 = 5% 10/88 =11% + 6 
+210 2/20 10% 8/19 =42% +32* 
+180 0/24 = 0% 1/25 = 4% +44 
+ 63 0/24 = 0% 2/25 = 8% +8! 
— 57 30/120 =25% 70/140 =50% +25 
— 60 30/120 == 25% 67/100 =67% -+42 
- 86 85/154 =283% 86/127 = 68% +45 
— 49 12/73 =16% 45/81 =56% +40 
we 57 52/164 =82% §1/181 =50% +18 





+ = RES stimulation resp radiation protection ,— = RES depression 


Significance (yz? test) 


on the exhaustion of certain cells origmating im the reti- 
culo-endothelial system’ 

It this concept were correct then naturally not only 
should the mentioned agents alone have the ability to in- 
crease the radiation resistance (protective effect) but also 
other methods of stimulation of the reticulo-endothehal 
system should act in the same way Likewise, depression 
of the reticulo-endothehal system would be expected to 
decrease the radiation resistance This concept is 
apparently contradicted by the findimg that ethyl palmi- 
tate, a compound known to depress reticulo-endothelial 
system phagocytic activity, exerts a protective effect on 
X-rradiated mice? The high doses of ethyl palmitate 
which were used m these experiments, however, did not 
affect exclusively the reticulo-endothehal system but also 
led to a severe damage to the parenchyma of the red and 
white pulp of the spleen? Consequently, they are not 
suited for the assessment of the relations between the 
reticulo-endothehal system and the biological radiation 
effect But this 1s also the same for the reticulo-endo- 
thelial system stimulants already mentioned, because they 
also are said to exert complex reactions in the liver and 
the spleen, ın which lymphocytes and plasma cells are 
engaged? Therefore, ıt seems desirable for the elucidation 
of the relations between activity of the reticulo-endothelial 
system and radiation resistance to utilize m further 
experiments only those substances which exert a specific 
and easily controllable alteration of activity of the reticulo- 
endothelal system usmg the already mentioned carbon 
clearance method’ These requirements are met by some 
sumple lipids* As several substances of this group stımu- 
late the activity of the retieulo-endothelial system and 
others depress it, ther appheation enables us to com- 
pare the influence of stimulation and depression of the 
reticulo-endothelial system on the biological effect of 
radiation 

I used male white mice of an mbred stram of this 
laboratory , age 8-10 weeks, weight 18-23 g A small 
number of the animals was taken. to measure the activity 
of the reticulo-endothelial system at the tıme of iradia- 
tion By far the greatest number was X-1rradiated 24 h 
after the mnjection of lipids and 30 days later the survival 
rate was established The reticulo-endothehal phagocytic 
function was evaluated by measurmg the intravascular 
removal rate of mtravenous imjyected colloidal carbon 
(phagocytic dex K} Whole-body X-irradiation with 
610r , dose rate 90 r /mm, 200 kV, 15m amp, filtration 
of 043 mm copper, half-value layer 087 mm copper, 
focus-target distance of 40 cm For stimulation of the 
reticulo-endothelial system, I used olive oul, triolem, 
2-cleo-distearm and tricaprm, for depression of the 
reticulo-endothelial system ethyl stearate, ethyl oleate, 
cholesterol oleate and such small doses of ethyl palmitate 
which mdeed myured the phagocytic function of the 


reticulo-endothehal system but not the parenchymatous 
tassue of the spleen? 


2 = insignificant, *=P<005, all other values = P<0 001 


Table 1 presents the followmg experimental results 

Furst Phagocytec actwity The statements ım the 
hterature concernmg alteration of the reticulo-endothelal 
system by the examimed lipids were confirmed with 
my mouse stram. Olive oil, trolem, 2-oleo-distearm and 
tricaprin stimulated the phagocytic activity 24 h after 
injection, but ethyl palmitate, ethyl stearate, ethyl oleate 
and cholesterol oleate depressed 1t at this time 

Second Survwal rate All lipids mentioned, both those 
which stimulate and those which depress the reticulo- 
endothelial system, exerted a protective effect agaimst 
X-rays It is remarkable that the depressing agents 
were mostly more effective than the stumulating agents 

The results of these expermments confirm that with mice 
it ıs possible to stimulate or to depress the phagocytic 
activity of the reticulo-endothelial system by intravenous 
myection of simple hpids These lipids, furthermore, exert 
a protection effect against X-rays which differs from one 
substance to another The degrees of alteration of the 
phagocytic activity and of the radiation sensibility did not 
always parallel each other Thus, a radiation protection 
effect was obtamed with lipids whether or not their action 
on the function of the reticulo-endothelial system was one 
of stimulation or depression It seems clear that the 
concept of enhanced activity of the reticulo-endothelhal 
system as a factor of rmportance for the survival of mice 
after irradiation 18 ın need of revision Perhaps an 
alternative idea ıs that cells of the reticulo-endothelial 
system engaged m the metabolism of simple lipids as 
described are more resistant to radiological mjury than 
usual 

I thank Dr A E Stuart, Department of Pathology, 
University of Edinburgh, who kindly demonstrated the 
carbon clearance technique, and Dr © B Barret of the 
Unilever Research Department, Port Sunhght, Cheshire, 
who kmdly supplied the 2-oleo-distearin 
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Czsium-137 in the Blood of the Finnish Lapps 


ABOUT 2,500 Lapps live in Finnish Lapland, and, as 
has been shown by an investigation carried out in October 
1961 1, the elevated radioactivity m them 1s prineipally 
due to the high czsium-137 content of the remdeer meat 
which constitutes thoir main food In May 1962, a second, 
wider survey of the body burden of cesium-137 and of the 
diet and health of the Lapps was carried out? The 
subjects, some 200 Lapps of ages ranging from 20 to 50, 
were selected in advance by the random sampling method 
from the church register About 90 per cent of those 
summoned responded to the invitation This mvestiga- 
tion revealed that the body burden of cxsium-137 in 
Lapps was on the whole twice as high asın October 19611-3, 
but no correlation between the cæsium-137 content and 
the findings of medical examination could be observed?:45 

The Lapps provide a umque opportunity to determine 
the correlation between czsium-137 content of blood and 
whole body in & population living m natural conditions 
Therefore, 20 ml blood samples were taken in the foregoing 
investigation from all adults examined (102 men and 52 
women), for cxsiuam-137 analyses* The samples were 
transported m ice to the laboratory and ashed carefully 
at 400° C in order to improve the counting efficiency 
The activity was measured in a sodium todide (T1) well- 
type crystal with a Nuclear Chicago model 132 A one- 
channel analyser in the range of the cxsrum-137 peak 
between 612 and 712 keV 

The counting system was calibrated with Radiochemical 
Centre, Amersham, cæsium-137 reference solution CDR 4 
m mactive calcium carbonate A countmg efficiency of 
94 per cent was achieved for cxsium-137 ım the 
range concerned The background measured in the 
corresponding range was on the average 1415 + 015 
cpm during the course of the measurements The 
number of impulses in the cesium-137 range 
caused by potassium in the blood did not differ from the 
statistical fluctuations of the background durmg the 
measuring tımes used Therefore, no correction was made 
By measuring all blood samples simultaneously placed 
around a 51m x 31ın Harshaw crystal, with a multi- 
channel pulse height analyser for 1,000 min, it was seen 
that they did not generally contain any observable 
amounts of other y-emitters (Fig 1) 
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Fig 1 Pooled blood samples, a net spectrum in 1,000 min 


A graphic presentation of the whole-body values? in 
ne (10-* c ) plotted agamst the pe (10-1? c ) values calcu- 
lated for a litre of blood shows the correlation between 
them (Figs 2 and 3) The correlation coefficient differs 
significantly from zero, the value for the male subjects 
being rzy=0 83 and that for the females rz,=084 By 
means of regression analyses the best straight line passing 
through the origm was fitted to the points, and the corre- 
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Cesium-137 (pe ım blood) 


Hig 2 Graph showmg the correlation between the body burden of 
cesium-137 (mc) and the Basi oes of blood calculated m 
pe males 
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Ceesium-137 (pe in blood) 


Fig 3 Graph showing the correlation between the body burden of 
owmsium-137 (ne ) and the cxsium-137 contents of blood calculated in 
pe /1 (females) 


sponding ranges of variation at the 95 per cent confidence- 
level were calculated Since the graphs in Figs 2 and 3 
showed that there are some values which deviate con- 
siderably from the regression line, the ranges of variation 
for the individual observations were calculated as well. 
To make the regression lime pass through the origin ıs to 
assume that when the whole-body value 1s zero the blood 
value ıs also zero and vice versa However, this ıs not 
necessarily true Therefore, an equation for a regression 
hne which was not made to pass through the origin was 
derived from the data, also The equations aie given in 


Table 1 
Table 1 EQUATIONS OF THE REGRESSION LINES 
Males Females 
Through Through 
the origin General the origin General 
Regression line y=0 412 y=0 37 @ +21 y=0 25g y=027v -12 
Corroegonimg 
ation at the y= { ws 
95% con- y= 442 y=0 27 + 
fidence-level 
Ranges of varia- 
tion for the im 
dividual ob- y=0 08 a y=0 09% 
servations at y=0 742 y=O4l1a 


the 95% con- 
fidence-leve} 


1120 7 


To describe the relationship between the cæsmm-137 
values of the blood and the whole body a straight lne 
was used ın this range, since the possible bending of the 
describer with higher cesium-137 values could not be 
observed owmg to the insufficient number of high values 

As can be seen from the equations, the slopes of the hnes 
passing through the origin do not deviate greatly from the 
slopes of the corresponding lines not passing through the 
oligin. Neither can the mtercepts be said to deviate 
significantly from zero when the errors of both activity 
measurements and the detection hmuts of the measuring 
systems are taken mto account 

It may be noticed that the slopes of the lines for males 
and females differ from each other This might possibly 
be ascribed to the differences in the exeretion of caesium 
in males and females 

The subjects, ın whom the ratio of whole-body value 
and blood value deviated from the regression line by 
more than 30 per cent, were examined in the hght of the 
results of the medical examumation and the dietary survey? 
In the comparisons there was nothing exceptional either 
in the findings of the routine health examimation or in the 
food consumption habits of the subjects concerned In 
the literature, large individual differences in excretion of 
cesium have been reported Half-times are given as 
50-160 days A small fraction of the cæsium has been 
observed to be excreted considerably faster than the 
remainder’? These facts could possibly explain the values 
that deviated considerably from the regression lmes 

On the basis of the results obtamed it can be concluded 
that the whole-body burden of cw#sium-137 can be estum- 
ated with sufficient reliability fiom the blood content of 
radiocesium when the cesium-137 values are 200-1,500 
pe fl blood, and when the survey concerns the czesium-137 
burden of a group of people whose recent dietary history 
18 known 

We thank the Finnish Atomic Energy Commission for 
aie aid, and Dr Esko Kaila for the statistical caleu- 
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Influence of Radio Frequency Heating on 
Sperm 


THE influence of temperature on the survival of sperma- 
tozoa ın vetro! and the influence of high temperatures on 
the reproductive capacity of gumea pigs’ spermatozoa have 
been investigated? by many workers 

The work recorded here was undertaken to examine the 
influence of radio frequency heatmg on sperm in the 
genital passage of the female rabbit immediately after 
copulation The number of young born and the average 
litter size were the criteria used to assess the effect 
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Radio frequency heating, widely used ın diathermy, has 
no side effects on tissue if the period of treatment and 
temperature gradient are kept within safe limits In 
particular, ıt 1s known that repeated elevation of the body 
temperature by radio frequency heating 1s mnocuous to 
the functioning of the reproductive organs**. Also, 
greater uniformity and heat penetration im tissue are 
obtained than by heating elements or pads 

The radio frequency electric field was set up between a 
plastic-coated metallic probe electrode (¢ m diam x 
5 in ), which was inserted in the genital passage, and a pad 
electrode (6 m x 8 m) on which the abdomen of the 
rabbit was resting ‘Temperatures of 43 2°-45° C could be 
easily realized, the latter usually ın the close neighbourhood 
of the bony tissue of the pelvic mlet 

Six Albino rabbits were used as controls and six were 
treated ın. the three series of studies undertaken When 
the young from the first series were weaned, treated and 
control groups were reversed and were used m the second 
series When the young from this mvestigation were 
weaned 7 anmals that had delivered young m the two 
previous series were treated and used for the final group 
The total number of treated animals was therefore 19 
Two vigorous males of known fertihty were used alter- 
nately throughout 

Immediately after breeding a vaginal swab was taken 
to establish the presence of sperm The female was then 
lightly anesthetized to facilitate manipulation of the 
probes and to avoid undue movement and possible mjury 
to the anmmals during treatment Pre-treatment vaginal 
temperatures were recorded and then the probe electrode 
was inserted unto the vagina for a depth of approxumately 
4 in A temperature probe connected to an electrome 
thermometer was placed m the vagina aside and to the 
same depth as the electrode The pad electrode was placed 
so as to be directly under the abdominal and pelvic organs 
The probe and pad electrodes were connected to a dia- 
thermy generator the output of which was then adjusted 
so that vagmal temperature rose to above 432°C as 
quickly as possible (about 1 min) and treatment tempera- 
ture was held at 43 2°-45° C for 10 mm The generator 
was switched off whenever a temperature reading on the 
electronic thermometer was required In this way temp- 
eratures devoid of interference from the diathermy were 
obtamed Procedure for control groups was identical to 
treated groups except that the diathermy machine was not 
switched on 

Three anumals did not conceive when used as controls or 
when treated These animals were discarded and the 
total number used as controls was therefore 9 and as 
treated 16 

It was found that diathermy treatment reduced the 
litter sıze with 1espect to the total number of animals bred 
but did not alte: the average litter size in ammals that 
reached parturition (Table 1) AlN animals born appeared 
normal at weanmg time and developed in a manner 
similar to controls These findings are ın accord with the 
studies by Young m guimea pigs? 


Table 1 INFLUENCE OF RADIO FREQUENCY HEATING ON PARTURITION 
COMPARISON BETWEEN CONTROL AND TREATED FEMALH RABBITS 


Average 
o% Bred Litter hitter 
No of reaching No size per size per 
No parturi- parturi- of animal parturi- 
Group bred tions tion young bred tion 
Control 9 8 88 8 45 5 5 6 
Treated 16 5 312 27 17 54 


The average hitter size over a 1-year period m our 
breeding colony is 4-5 This average was approximated 
ın the controls used ın this study, which would suggest that 
the manipulations (admmustration of anesthetic, msertion 
of probe, ete ) did not contribute to the reduction m litter 
sıze M the treated animals 
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Effect of Gamma-radiation on Eggs of the 
Silkworm 
Tare need for biological information on the effects of 
extraterrestrial conditions encountered in space environ- 
ments has recently been presented by Reynolds'. Tech- 
niques for the conduct of biological experiments in space 
studies are almost non-existent. 
One factor encountered in space flight which is of 
‘significant importance to biological material is ionizing 
radiation. Previous work with Drosophila larvæ?, house- 
flies (Musca domestica L.) and oriental rat fleas (Xenopsylla 
cheopia (Rothschild)) in various stages of development? 
failed to demonstrate any genetic effects after exposure 
to cosmic radiation at 70,000-82,000 ft. for 16 h. These 
results may have occurred because no cosmic ray ‘hits’ 
© on the biological material were made or lethality was 
_- maduced at low levels which was not measurable. Investi- 
_.. gations have since been conducted to find a more suitable 
“organism which could be used in space studies to record 
accurately the effect of cosmie and other radiations on bio- 
v Jogical material. Eggs of the silkworm (Bombyx mori (L.)), 
_ genetically well understood, possess many desirable bio- 
logical characteristics necessary for investigations of this 
= type. They are extremely light in weight, and require no 
food or water and only minute amounts of oxygen. In 
addition, the eggs are laid in a solid, single layer. 
‘Their large size (1 mm), as compared with some insects, 
‘makes them a suitable target for ‘hits’ from heavy nuclei 
‘of the primary cosmic radiation. Dutky and Sullivan 
‘(unpublished report) have adapted a nuclear emulsion 
envelope suitable for the detection of such ‘hits’ on eggs 
eterial s spores in space flight. The need for back- 
nation concerning the radiation sensitivity 
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sereg exposure. 
laid silkworm eggs (yellow variety) on filter 
r were placed in a constant-temperature cabinet 

90 per cent relative humidity) for 4 days. They 
then removed to a refrigerator (5° C), allowed to 
‘about 6 months, and then transferred 
7° C to break the diapause condition 
Joj ment. At 1, 4, or 7 days 
pause, eggs were exposed to 
of 0°8 kr.—51-2 kr. The source 
init, which delivered approx- 
} : | post-diapause develop- 
fr actionated doses of 1, 2, or 
one exposure period, for two 
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Parken, 
Silkworm eggs in early stages 
ment were more susceptible to y-radiation the 
the later stages of post-diapause | davelon mën 
el pal to 3-2 kr. of yradiation killed 10 


respectively, of eggs at 4 or 7 ‘days: of pos 
development. Similar results were obtained after 
to 1-6 kr., but the differences were smaller. 
of l- or 4- day post-diapause eggs increased with ine: 
exposure to y-radiation, whereas mortality of 7-day post-. 
diapause eggs did not increase signif cantly within ‘the 

0-8- to 3-2-kr. range. i 











Table 1. PER CENT MORTALITY OF SILKWORM EGGS EXPOSED to Gann 
RADIATION 1, 4, OR 7 DAYS AFTER TERMINATION OF DIAPAUSE > 
Radiation 1 Day 4 Days 7 Days. = 
exposure (kr,) = 
None 8 ab* 8 ab 8 ab. 
08 18 ab 12 ab 18-5 
F6 37e 18 4 5 
3-2 100 ¢ 50 d Be a 


* Meana not followed by the same or common letter are significantly 
different. 


Table 2 
{dlapes L LDa(t.) ‘Upper 
post-diapanse ower Yr. pper: 
development limit ms limit 
1 1,403 1,528 1,664. 
4 3,350 3,565 B; 774 
7 22,190 24,840 27 300 


The dosage-mortality curves of 1, 4, and 7 -day post: : 
diapause eggs are shown in Fig. 1. These results are. 
similar to those discussed. The LD,,’s of radiation derived 
from these results are shown in Table 2. 

Total exposures of 0-8 or 1-6 kr. delivered in I irradia- 
tion period or 2 irradiation periods with half the total 
dose administered at a time were equally damaging to 
silkworm eggs in the 1-day post-diapause developmental 
stage (Table 3). A total exposure of 1-6 kr, delivered in 
fractions of a quarter of the dose at intervals of 90 min 
was less damaging than the same radiation dose admin- 
istered in 1 or 2 irradiation periods. Exposure to 3-2 kr. 
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` Total. : “ K Ga 


9 > Equal = 
exposure exposures ‘exposures i 
None E 8 a* 8a 10 8 
O8 Ha 13 a. 13 4@ 
1-6 2 47e 39 ¢ 246 
32 i 160 d 100 d 100 d 


* Means not followed by the same or common letter are significantly 
different. 


in 1, 2, or 4 irradiation periods resulted in 100 per cent 
mortality of the 1-day post-diapause eggs. 
T. J. HENNEBERRY 
; W. N. SULLIVAN 
Entomology Research Division, i 


‘ U.S. Department of Agriculture, 


Beltsville, Maryland. 
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* Sullivan, W., N., and Smith, C, N., J, Hoon. Entomol., 58, 247 (1960). 
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BIOLOGY 


Central Nervous Responses to Chemical 
Stimulation of a Gastropod Osphradium 


THe function of the osphradium, a structure-within the 
mantle cavity of many molluscs, has been the subject 
of some speculation. It is generally accepted to be a sense 
organ, but the modality to which it is sensitive remains 
obseure. Two major theories have been proposed. The 
first is that it is a chemoreceptor involved in food location. 
Copeland’, Wölper? and Brown and Noble? have shown, 
by means of behavioural studies, that certain species of 
carnivorous gastropod depend on an intact osphra- 
dium and associated nerve supply for their ability to follow 
the chemical trail emanating from food material. Extir- 
pation of the organ or section of the innervation leads to 
the loss of this attribute. 

The second theory is that proposed by Hulbert and 
Yonge* and Yonge’. They suggest that the osphradium 
is ‘a tactile organ concerned with estimating the amount 
of sediment carried into the mantle cavity”. This theory 
is based on the occurrence and development of the organ 
in a wide variety of gastropods in relation to their habi- 
tats. 

In his recent review of gastropod chemoreception Kohn? 
states that Yonge now considers that a chemosensory role 
of the osphradium may have evolved secondarily from 
the original particle detecting mechanism. 


$ cal ‘aotivity: from: the OnE radia ; 
‘after stimulating the osphradium. with. phere 





was unsuccessful. In the present work on Busch 
undatum, experiments using platinum wire electrodes to- 
record from the osphradial nerves have failed, as have 
attempts to record from the osphradial ganglion that: is 
situated along the mid-line of the organ. The nerves 
supplying the osphradium and part of the ctenidium 


arise from the supra-csophageal ganglion, whence it has _ : 


proved possible to monitor nervous activity by means of 
indium-filled glass micro-electrodes. In this way single — 
units or, more frequently, small groups of units could. be 
located and displayed by conventional means. z 

It is unlikely that these records represent the response 
of primary sensory neurones although these may pass 
directly through the ganglion’. It is more probable that 
they are interneurones or motor neurones. ‘This central 
activity is, however, modified by stimulating the osphra- 
dium when the supra-csophageal ganglion is isolated from 
the remainder of the central nervous system, leaving only 
the peripheral nerves to the osphradium and ctenidium 
intact. 

Manual stimulation of the osphradium by means of a 
paintbrush or glass rod usually invoked activity although 
in most cases a large distortion was needed to elicit the 
response. If the organ does function as a sediment 
detector it must have mechanoreceptors of high sensitivity. 
To test this possibility, suspensions of ‘Carborundum’ par- 
ticles (20-200u diam.) in sea-water were run over the organ. 
This failed to elicit activity. Similarly sea-water adjusted 
to pH values in the range 3-9, and in concentrations 
between, 50 and 150 per cent also failed to elicit nervous 
responses. 

Volleys of action potentials were seen frequently in 
response to stimulating the osphradium with sea-water 
in which minced Mytilus had been left to stand. Such 
extracts invoked responses which often lasted for more. 
than 30 sec (Fig. 1C). Attempts to mimic these responses 
with synthetic chemicals were successful only in the case 
of a neutral solution of 10- M l-glutamic acid hydro- 
chloride in sea-water. A much less prolonged response. 
was noted when a neutral solution of 10-? M trimethyl- 
amine oxide hydrochloride was applied to the osphradium. 
Other chemicals, including betaine, glycine, alanine, 
glutamine and lactic acid, were also without effect. 

Removal of the osphradium, with little damage to the 
remainder of the mantle, abolished the chemical responses 





of the preparation. In some cases, however, mechanical 


distortion remained an effective stimulus, the response ee 








Fig. 1. Record of activity from the al gy oad aired 
B, response to the application of sea-water; C; response 


nulion in re 
ylilus extract in sea-water, Lines 2 and 3.are continuous. 
Duration of the ne indicated by the interruption of the time-marks 


mse ta. PTE of the. osphradium. A, Response to touch: 


Time-marks = 10/sec. 






























| ‘This indicates that sensory pathways of 


in the supra-cesophageal ganglion. 

‘These results support the theory of chemoreception as a 
funetion of the osphradium at least in Buccinum undatum. 
Failure to record activity in response to light tactile 
stimulation suggests that the osphradial mechanorecep- 
iors, if any, are insufficiently sensitive to act as sediment 
detectors as suggested by Hulbert and Yonge. During 
the course of the experiments it has been noted that 
copious production of mucus occurs from the hypo- 
branchial gland, osphradium and mantle surface. This 
must. severely impede the entry of particles into the 
-mantle cavity in the natural situation and their contact 
„with any part of the mantle surface. 
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Suppression of Gemma-cups in Marchantia 
by High Humidity 
Fe was noticed that gemma-cups in the New Zealand 
liverwort. Marchantia berteroana L. and L. (=M. tabularis 
Nees) were not produced when the pots were covered with 
glass or polythene sheets. That this effect is the result of 
increased humidity has been confirmed by growing plants 
in the saturated atmosphere of a permanent-spray house, 
but protected from direct falling water. All experiments 
were carried out on sets of 60 plants, started from disks of 
Marchantia thallus 1 cm in diameter, grown in pots of 
sterilized garden soil. In all experiments except the second 
_ every disk had its counterparts, cut from the same thallus, 
_. In the corresponding position in each treatment so that 
_ the material under the different treatments was exactly 
- comparable. 
In one representative experiment no gemma-cups at 
all were produced on a unit of 60 plants during nineteen, 
weeks’ growth in a saturated atmosphere, whereas the 
control plants in normal air out of doors had, in the same 
time, produced a total of 234 gemma-cups (mean 
3-9+0-98/plant). This difference is highly significant 
: (P <0001). i 
A second experiment, using twice as many plants, 
esulted in a total of 10 gemma-cups (mean 0-08 + 0-75/ 
jurated air compared with 1,049 cups (mean 
ant) in normal air. The difference is again 
0-001). 
own by a third experiment in 
rered with sheet polythene or uncovered 
cabinets at three different temperatures, 
proximately 5°, 10°, and 15° C. The uncovered 
ced 2 (5° ©), 9 (10° C) and 175 (15° C} gemma- 
g 186, while the covered plants produced no 
ups even at 15°C. The total production of 
ups. was low, probably as a result of the com- 
igh ambient relative humidity (about 75 per 
cabinets. 
resents the results of a fourth experiment, 
‘of 6 plants were transferred into the spray 













































OF INCREASING EXPOSURE TO Dry CONDITIONS ON NUMBER 
ORMED. COUNTS MADE AFTER 106 Days. Six PLANTS 
co TS EACH TREATMENT 
Hons 12 4 8 16 24 82 40 48 56 
la-<cups..... 1 6 0 1 Ti 61 36 58 56 78 
‘gemmaeups 1 10 1 4 5 6 6 4 6 





s located in the mantle region converge _ 


odused 








for male and 429 + 4-48 for female plants. This 
is not due merely to the male plants being la 
the average number of gemma-cups per unit o 
thallus is male 0-87/cm? compared with female 
The sex difference also accounts for the rather 
bers of gemma-cups on the plants of the first e: 
for all these turned out to be female. | Bo E 
The precise humidity which is responsible for this 





6 
suppression of gemma-cup formation is not yet known. 
Guorer A. M. Scorr 


Department of Botany, 
University of Otago, 
Dunedin, New Zealand. 


The Genus Oceanopapaver 


THE monotypic genus Oceanopapaver was established’ 
for the naming of O. neocaledonicum by Guillaumin: 
Because of certain characters which need not be discussed 
here he relegated his new genus to Papaveraceae, Friedel? 
cast some doubt on this classification and suggested that 
the plant showed a number of characters not unlike those 
of the Cistaceae. Fedde*, in a review of the Papaveraceae, 
expressed scepticism about allocating this new genus to 
that family. Among other criteria he saw some difficulty . 
in finding a papaveraceous plant endemic to the tropical 
New Caledonia in the southern hemisphere. = o 

Thanks to Prof. H. S. McKee, Commonwealth Scientific 
and Industrial Research Organization, Canberra, Australia 
I was able to make an examination of this plant for 
alkaloids. 400 g of dried material were available, collected. 
when only a few of the seeds had matured. Fortunately 
this is the stage in most herbaceous plants when the 
alkaloid content is at a maximum. 

The coarsely ground material was thoroughly extracted 
with methanol, the methanol was evaporated from the 
extract, the latter extracted with slightly acidified water, 
the aqueous extract filtered, and exhausted with repeated 
fresh portions of ether. (The ether extract failed to yield 
fumarie acid—-a common constituent of papaveraceous 
plants.) A test portion of the aqueous extract did not. 
give a precipitate with potassium mercuric iodide—a test 
which when positive is an almost certain indication. of 
alkaloids. So far no alkaloid-bearing plants are known 
which. give a negative test with this reagent. 

Nevertheless, the aqueous solution was rendered’ basic 
with ammonia and extracted with several’ successive 
portions of chloroform. The residue from the latter was 
stirred with aqueous oxalic acid, the filtered solution 
exhausted with ether, made alkaline again, and extracted 
with chloroform. The residue from the latter dissolved 
only partly in dilute acid and the solution did not give 
a precipitate with the aforementioned reagent. 

Inasmuch as all plants of the Papaveraceae, which 
have so far been examined, have yielded alkaloids, their 
complete absence in O. neocaledonicum can be regarded as 
sufficient cause for relegating this plant to another family. 

7 R. H. MANSKE 
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A Glossopteridean Fructification from India __ 


ABOUT six genera of reproductive organs have been 


came from Pachwara Coalfield, Bihar (basal Barakar-— 
Lower Permian). 

The so-called fructification is a mould-like structure on 
very fine greyish clayey shale. It compares favourably 
with the structure of the genus Lanceolatus’. The leaves 
associated with it cannot be determined accurately 
because of their bad preservation. They are simple and 


. lanceolate in shape. Their well-developed midribs and 


crowded anastomosing veins clearly resemble those of 
some members of the Glossopteris. 

It is assumed that the two overlapping leaves com- 
pletely cover the upper half of the leaf to which the 
slightly raised fructification is attached (Fig. 1). The 
hollow nature of the midrib bearing the fructification is 
not clear possibly due to its poor preservation. 

The fructification seers to be fully mature, lanceolate 
and slightly raised (14x 7 mm). There is a deep groove 
along the periphery of the fructification. Immediately 
above the point of attachment of the fructification there 
is a slightly raised structure, which is perhaps the remnant 
of the cupular covering. It is almost sessile and grows 
from the midrib of the leaf; but the actual distance from 
tho leaf-base cannot be determined due to the broken 
nature of the specimen. The surface shows shallow depres- 
sions of many embedded, small, more or less oval bodies 
(0-9 mm-1 mm), which may be the ruptured seed- (or 
pollen-) bearing sacs (Fig. 2). 





Fig. 1. Lanceolatus type of fructification attached to a leaf of Glossopteris. 


The head is slightly raised. Slightly reduced from natural size 





Fig. 2. Magnified view of the fructification pitted with hollow de- 
pressions which are believed to be ruptured sacs. (x 3) 


Colliery in Jharia Coalfield, Bihar (Raniganj}—Upy 


appears, therefore, that this type of fructification can 
only be compared with that of Lanceolatus type. The only 
other similar record from India comes from Murulidih — 












Permian)". This shows that the genus at least occurs 
from the basal Barakar to Raniganj stage, that is, Lower 
Permian to Upper Permian of India. 
We thank Mr. A. Chowdhury, Department of Geology, 
University of Calcutta, for the material. 
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A Reversal! Effect with Pauses on Mixed 
Schedules of Reinforcement 


Frxep ratio (FR) schedules of reinforcement typically 
generate behaviour that occurs with high probability just 
before reinforcement, but that is unlikely to be repeated for 
at least a little while afterwards. Also, these post- 
reinforcement pauses depend on the length of the ratio. 
Pauses are normally short when the ratio is small and are 
longer when a larger number of responses is required per 
reinforcement}. In the case of simple FR schedules it is 
impossible to decide whether longer pauses follow longer- 
runs because these runs generate more reactive inhibition 
than do short runs? or because on high ratios organisms 
have ‘a long way to go’ between reinforcements’, because 
run lengths before and after reinforcements are equal. 

But the relative effects of pre- and post-pause response 
runs on pauses after reinforcements can be investigated 
by means of alternating mixed FRFR schedules of re- 
inforcement in which reinforcements are given at the end 
of each ratio. The alternating ratios can be made un- 
equal, and if pre-reinforcement run lengths alone are 
responsible for the duration of post-reinforcement pauses 
then long pauses should follow long runs and short pauses- 
come after short ratios on the average. If pauses depend 
on the amount of responding required before the next. 
reinforcement, then the reverse will be true. 

Findley* has published observations which appear to 
show that pauses are a function of ratios they precede. 
Salman‘, on the other hand, found that a rat trained to 
bar press on an alternating multiple schedule FR40P-R93 
consistently made longer median pauses after the longer | 
than after the shorter ratio, and the same was true, but .. 
less marked, of two other animals reinforced on mult. 
FR27PR73 and mut. FRIOF R57 respectively. (On mul- 


tiple compound schedules a different external stimulus is” 


correlated with each segment of the schedule. This con- - 
dition obtained in the Findley and Salman experiments. _ 
The present experiment utilized mixed schedules in which — 
the external stimulus is the same for all components.) 
Salman’s findings if compared with those of simple FR 
schedules indicate that it is the ratios they follow that 


have the major controlling influence over post-reinforee- 


ment pauses. However, when the schedules of the latter — 
two animals were changed to mult. PFR3FE31 the effect ` 
was reversed ; median post-reinforcement pauses became ` 
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“Fig. 1. Average pauses from reinforcement to the second response in 
the designated ratio made by reactive and non-reactive strains separately, 
Solid Hines connect pauses after the shorter of the mixed ratios, and 

pauses after the Jonger ratios are connected by broken lines 


longer after the FR3 component than after FR31. This 
communication presents further results on this reversal 
effect... 
_.. Six: 5-months-old naive male albino rats, 3 from each 
of the 19th generation of the Maudsley reactive and non- 
reactive strains, were trained to bar press for food rein- 
foreement in a Skinner box (Scientific Prototypes type 
102). The Ss were adapted to a 24-h feeding rhythm 
and were run 22-23 h food deprived daily for 30 min each, 
except for days 33-37 when sessions lasted 20 min. 
‘Reinforcements were scheduled as follows : days 1-3, erf ; 
R4 ; 6-7, PRS ; 8-16, FRU; 7-27, mix FRULFR2 ; 
FR5FR28. The results shown in Fig. 1 were 
s 22-27 and 33-37. These show the 
nent. pauses after each ratio of the 
"R22 and mix FR5FR28 for the two 
The pauses were measured from rein- 
y to the second response in the following 
second response was chosen because the non- 
: frequently drank after reinforcement and 
© bar once on moving from food magazine to 
be. The reactive Ss, on the other hand, 
dea one-bar response quickly after reinforce- 
bit at the bar before running off the rest of the 
nt over days 13—16 showed the non-reactives to 
) trips to the water bottle each session against 
the reactives, and there were no overlaps. 
ins consistently took slightly longer to resume 
fter the longer component of the mix 
ule. -From the point of view of simple FR 
ould mean that post-reinforcement pauses 
he ratios they follow: longer pauses 


































-lings 


FR22), but the pauses after the longer ratio dropped 
from about 6 sec to a little more than 3 see when the shorter 
ratio to follow changed from FRI1 to FR5. 
behaviour of the non-reactive Ss was to run off the / #28, 







ratios alone, but by the relationship between mo 
all probability, on small simple FR’s it is a fact that only _ 
a few responses after reinforcement are required before — 
the next reinforcement that eauses an animal quickly to 
resume responding, while on longer F'R’s post-reinforee- 
ment pauses are more under the control of preceding runs. 
In any event, the Hullian notion of reactive inhibition is 
not sufficient to account for all the results... | par 
This work was supported by a grant from the Arts and 
Sciences Division of the American University of Beirut, 
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of the Institute of Psychiatry, University of London, 
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MICROBIOLOGY 


Molybdenum and Iron Requirements for 
Nitrate Reductase in Photobacterium sepia 


Sadana and McElroy! showed that. nitrate reductase 
from the halophytic bacterium, Achromobacter fischeri, 
required iron for its activity, but a deficiency of other miero- 
nutrients including molybdenum did not appear to affect. 
the enzyme. In addition, they found that the bacterium 
would not grow with nitrate as the sole nitrogen source, 
‘We now report that this bacterium (kindly supplied by 
Dr. W. D. McElroy, Johns Hopkins University, Baltimore) 
has all the characters of Photobacterium sepia as described 
by Spencer*, who suggests that it should be placed in 
the genus Aeromonas. Moreover, we present evidence 
that not only will this baeterium grow with nitrate as 
the only nitrogen supply but also that its growth and 
nitrate reductase activity are markedly reduced in calls 
doficient in molybdenum or iron. Thus the enzyme from 
Photobactertum follows the same pattern established: for 
nitrate reductases in other micro-organisms*-*, 

The bacterium was grown in 1-5-1. Erlenmeyer flasks 
on a reciprocator, and 1, 10 and 20 per cent oxygen in 
nitrogen gas mixtures were sparged through the cultures. 
The following culture solutions (units/l.) were used: _ 
30 g NaCl; 5:5 g Na,HPO,; 2-1 g KH,PO,; 0-2 g 
Mg80,.7H,0; 3 ml. glycerol; 2 mg iron (as FeCl,) and 
0-1 mg molybdenum (as. (NH,),Mo,0,,4H,0) with- 
either 12-2 g KNO, or 6-5 g NH,CL The trace metals 
used were spectrographically checked for purity. The 
two micronutrients were removed from the culture 
medium by the hydrogen sulphide/copper co-precipitation 








ne nitrate ree alao activity of the oul was TORT 
anaerobically in Thunberg tubes using reduced benzyl 
viologen as the hydrogen donor. The reaction mixture 
was as follows: in the side-arm, 0-2 ml. 10 M benzyl 
viologen (BV), 1 mg palladized asbestos, and 0-3 ml. 
2-5 x 10- M phosphate buffer (pH 7:5); in the tube, 
OLml. 10-2? M KNO,, 0-1 ml. cell suspension (2 mg nitro- 


‘ - gen/ml. } and 0-3 ml. of the phosphate buffer (pH 7-5). The 
© tube was evacuated and flushed with high-purity hydro- 
2s i gens which was treated in a ‘Deoxo’ catalytic deoxygena- 





tor. This was repeated twice, at which stage the dye was 


= i fully reduced. After final evacuation, the tubes were pre- 
S -imeubated for 5 min at 30° C before the reduced dye was 


ce tipp 





ane xed in, and after a further 10 min the reaction was 
stopped by adding 0-1 ml. M zinc acetate and 1-9 ml. 
95 per cent ethanol’. After centrifuging at 4,000g for 
5min, nitrite was determined in an aliquot of the super- 
natant solution by the sulphanilamide method’. 


Table 1. Erret OF OXYGEN PRESSURE, NITROGEN SOURCE AND MOLYB- 
DENUM CONTENT OF THE CULTURE MEDIUM ON THE NITRATE REDUCTASE 
ACTIVITY OF CELLS 


(Specific activity of the enzyme: mmoles NO,"/mg nitrogen/10 min) 


Nitrogen Oai Na Mo ungji, culture 

source {per cent) 0 10 100 
1 700 5,256 7,970 
KNO, 10 250 3,930 4,260 
20 200 4,240 4,750 
l 1 364 4,850 5,130 
NH,Cl 16 108 $40 850 
20 221 1,865 1,085 


The rosults in Table 1 show that nitrate reductase 
activity was reduced by a deficiency of molybdenum, 

respective of the oxygen pressure or the source of 
inorganic nitrogen in the medium. An increase in the 
oxygen supply markedly depressed enzyme formation in 
agreement with the results of Pichinoty and d’Ornano™ 
with .Aerobacter aerogenes. It is of interest that the 
enzyme was formed in cells grown with ammonium 
chloride, in the absence of its substrate. This contrasts 
with nitrate reductases in other micro-organisms and 
higher plants, which are induced by nitrate or nitrite 
only®-* and are inhibited by ammonia as a result of a 
‘feed-back’ mechanism™. 

The enzyme is also dependent on iron for its activity 
as shown in Fig. 1, in agreement with the results of 
Sadana and McElroy! for the same bacterium. Since 
the fractionation procedure used to purify nitrate re- 
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Distribution of a Surface Antigen of 
Staphylococcus aureus 


SEVERAL years ago the isolation of a surface antigen 
from culture supernatants of a mucoid strain of Staphylo-- = 
coccus gureus was reported!*, The material, from peram ia 
Smith, was designated as SSA (Smith surface antigen). E 
consisted primarily of an amino sugar which did ae : 
behave as the usual 2-deoxy-2-amino-hexose, and whieh 
rapidly decomposed during acid hydrolysis. Later, ee 
the unknown substance was characterized as 2-deoxy-2- 
amino-glucuronic acid’. : 

The antigen precipitated at high titre with homologous i 
antiserum and with antiserum prepared against an 
S. aureus strain which contained serologically identical 
material. Other S. aureus antisera did not react. Injection 
of the isolated antigen protected mice against: intra. 
periteneal challenge with strain Smith suspended in | 
mucin; furthermore, the antigen was shown to be a 
determinant of phagocytosis of this organism. | 

Several other mucoid strains of S. aureus, as well as 
the Smith strain, have been reported to be more virulent- 
for mice, and more resistant to phagocytosis than the 
usually occurring S. aureus organism‘ >, The work reported 
here was designed to determine if these strains contained 
SSA, and also to test for the presence of SSA in strains of 
S. aureus freshly isolated from routine clinical mat. 

The mucoid organisms utilized, in addition to. 
Smith and Stern’, were Welwood, Adams, K6 and K93 
which were kindly supplied by Dr. M. G. Koenig. Twenty- 
five clinical isolates were obtained from New York Hos: 
pital through the courtesy of Drs. S. Hadley and Ho. 
Shinefield. Soar 

Although SSA can be isolated from culture supernatants 
it was found that acid extraction of intact bacterial cell 
also liberated the antigen. Cells from overnight eulture 
on nutrient agar in Blake bottles were collected in 10:1 
of saline adjusted to pH 2. The suspensions were heat 
at 100° C for 15 min, neutralized, and the bacterial bod 
removed by centrifugation. The extracts were ther 
tested for the presence of SSA by capillary precipitin: test: 
using a potent Smith antiserum. = 

All the extracts of the six selected mucoid strai 
reacted within 30 min, yielding a heavy precipitate, I 
active material from these organisms was also found 
fluid expressed from. agar by freezing and thawing afte 
removal of bacterial growth... Thus, the antigen, like man 
1 bound to cells and liberat 
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these organisms by altering the conditions of extraction, 
freezing and thawing the cultures, or disrupting the cells 
In a Mickle disintegrator. 

_ Material was also precipitated from acid extracts by the 
addition of 5 volumes of acetone, dried, taken up in 
saline, and tested for SSA content. As little as 100 ug/ml. 
ofthe pH 2 extracts from the six mucoid strains was rapidly 
precipitated by Smith antiserum whereas as much as 10 
mg/ml. of material from the other strains was unreactive. 
< The specificity of the immune precipitation was 
examined in gel diffusion studies. Smith antiserum reac- 
ted with 1 mg/ml. solutions of the acid extracts which wore 
positive in the precipitin test to produce a single band 
which in turn showed a reaction of identity with purified 
SSA (Fig. 1). Tho diffusible substances obtained by 
freezing and thawing the agar were also immunologically 
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_ identical with SSA. There was no reaction with 10 mg/ml. 
of acid extracted material from the other S. aureus 
organisms. Furthermore, antisera prepared against the 

ix selected mucoid strains reacted with SSA whereas 
antisera against the other strains did not. 





_ Fig. 1. Reactions of acid extracts of S. aureus strains with Smith 
antiserum, Top row; 1 rag/ml, of extracts of strains (1) KS, (2) K6, 
43} Smith, (4) Stern, (5) Adams and (6) Welwood, Bottom row: 10 
mgjml,-of acid extracts of other S. aureus strains, Concentration of 
“SSA is 100 wef: Smith antiserum is in centre slit 





_. The 25 strains obtained from clinical sources therefore 
_ did not contain SSA. These organisms included 7 strains 
_ in Phage Group I, 6 of which were type 80/81; 5 in Group 
IT; 6 in Group IIl; and 7 which ware not typable. 
‘Virtually all the strains were resistant to penicillin and 
isolated from active lesions. All produced both free and 
bound coagulase. The strains containing SSA produced 
free but not bound coagulase and were non-typable. Tt 
_ 1s of interest that strain Smith at one time was phage-type 
_ 44A4/42H, but during the course of laboratory sub-culture 
_ it has become untypable. 
_. Tt has been suggested that a determinant of patho- 
gonicity of S. aureus might be capsular material such as 
$8 idicated in this report, SSA was not demon- 
: clinical isolates of S. aureus; nor have 
face antigens been found in these organ- 
so be noted that some of the selected 
ining SSA were obtained from normal flora 
from active lesions’. In addition, two of the 
positive strains have been carried in this laboratory 
umber of years, suggesting that the antigen is not 
read. ston sub-culture on artificial media. 

Recently, material has been isolated from a mucoid 
eus organism similar to strain Smithè?, The com- 
ears many similarities to SSA: it is present in 
racts of intact cells; it protects mice against 
oneal challenge with mucoid, but not 80/81, 

trains; and it contains the same fundamental 
te unit as SSA, aminoglucuronic acid. 
ce was described as a ‘new’ staphylococcal 
Hed SPA. (staphylococcal protective 
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antigen). There is no reason for believing that SPA is 
significantly different in “ehemical. or immunological 
properties from SSA. It would be unfortunate, as well as 
misleading, if two identical antigens were denoted by two 
separate designations. Since strain Smith is the prototype 
of the unique mucoid S. aureus strains, the original desig- 
nation of Smith surface antigen, or SSA, would seem te be 
preferable. 

This investigation was supported by research granb 
Al-04648-02 from the National Institute of Allergy and 
Infectious Diseases, Public Health Service. | 
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Control of Growth and Morphogenesis in 
some Myxococcus Species 


Træ influence of nutrition on growth and (particularly) 
on morphogenesis of some fruiting myxobacteria was 
observed in this laboratory some two years ago. As 
recently reported’, a number of Myxococcus strains grow 
luxuriantly on an agar (2 per cent w/v) medium containing 
enzymatically hydrolysed casein (Difco “Tryptone’, 1 per 
cent w/v). However, only vegetative cells are present ; 
neither the formation of microcysts (cellula? morpho- 
genesis) nor of fruiting structures (colonial morphogenesis) 
takes place. Microcyst and fruiting body formation does 
occur, however, when the “Tryptone’ concentration is 
reduced to 0-1 or 0-2 per cent (w/v). 

It seemed possible that these morphogeneses might 
result from a depletion in the ‘low’ “‘Tryptone’ medium of 
some essential nutrient(s) which would be present in the 
l per cent “ryptone’ medium im amounts: sufficient to- 
support continued vegetative cell growth. An experi- 
mental test of this starvation hypothesis was- carried out 
by transferring replicate vegetative cell populations to 
fresh ‘low’ “I'ryptone’ medium at intervals as short as 4 h. 
All such cell populations, including those control popula- 
tions which were not transferred, encysted and fruited at 
nearly the same time. Thus, even those cell populations 
which were continually in a fresh ‘fruiting’ medium, and 
which had little, if any, opportunity to deplete their 
nutritional environment underwent morphogenesis in the 
normal fashion. Cell populations similarly transferred to 
the non-fruiting medium (1 per cent ‘Tryptone’) did not 
encyst or fruit. Very little, if any, growth or morpho- 
genesis occurred on a non-nutrient water agar. 

A number of non-encysting, non-fruiting spontaneous 
mutants of several myxococcal strains have been isolated. 
None of these could be stimulated to encyst or fruit when 
grown on rabbit dung pellets, or on an agar medium con- 
taining Æ. coli cells, or on ‘low’ “Tryptone’ medium supple- 
mented with either killed or viable microcysts or with 
extracts made from wild-type cells in the process of fruit- 
ing, nor with supplements of vitamins, amino-acids, 
purines or pyrimidines. te ® 

In view of these failures to implicate nutritional 
deficiency as a regulatory factor in encystment or forma- 
tion of fruiting body an alternative explanation was con- 
sidered. Previous work in this laboratory had demon- 
strated that addition of acid-hydrolysed casein to the ‘low’ 
“Tryptone’. medium would inhibit ‘the morphogeneses, 
thus suggesting that an inhibition or repression mechanism 








used to determine if any single amino-acid, purine, 
pyrimidine, or vitamin could substitute for the presumed 
inhibitory component(s) in the acid-hydrolysed casein. Of 
gome forty compounds tested, only phenylalanine or 
tryptophan inhibited the morphogeneses. Dworkin? has 
since noted that phenylalanine affects the morphogenesis 


of his strain of Myxococcus xanthus when grown on a 


| defined medium. 
It seems likely that the non-encysting, non-fruiting 


a mutants are characterized by an increased synthesis and 
~- excretion of. similarly inhibitory compounds ; combined 


: plating of mutant and wild-type cells on the ‘low’ ‘Tryp- 

tone’ medium results in inhibition of encystment and 
fruiting of the wild-type. With auxanographic methods 
it has been possible to demonstrate that some, but not all, 
_of these mutants will fruit near the areas containing the 
amino-acid analogue §-2-thienylalanine, presumably be- 
cause this analogue has interfered with amino-acid 
metabolism. 
.. This series of observations suggests that phenylalanine 
and/or tryptophan are essential for both growth and 
morphogenesis of vegetative cells but, when present above 
certain concentrations, are effective in inhibiting encyst- 
ment and fruiting body formation. They do not appear 
to inhibit microcyst germination. Their mode of action 
is unknown. 

This work was supported in part by a U.S. Public Health 
Service research grant, #-03459. 

Note added in proof. A more detailed account of 
Dworkin’s studies have appeared (J. Bacteriol., 86, 69; 
1963) since this communication was submitted for publica- 
tion. 
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ENTOMOLOGY 


A Chitinase from the Gut of the Cockroach 
Periplaneta americana 


CHITINOLYTIC activity has previously been demonstrated 
in the gut contents of Periplaneta americana (L.)', and a 
fraction, chitinase I, has now been separated and purified 
from this source by ammonium sulphate precipitation 

= followed by fractionation on DEAE cellulose. Two 
additional peaks with acetylaminodeoxyglucosidase and 
another with chitinase activity were also observed in the 
effluent from DEAE cellulose columns. The terms 
=- chitinase and acetylaminodeoxyglucosidase as used here 
refer to enzymes No. 3/2/1/14 and No. 3/2/1/30 of the 
International Union of Biochemistry nomenclature*. 
Chitobiose, a substrate of chitobiase (enzyme No. 3/2/1/29), 
is the disaccharide of acetylaminodeoxyglucose, and the 
other oligosaccharides used form a series’. For conveni- 
ence the oligosaccharides are referred to as biose, triose, 
ete. The chitin used was a suspension prepared by 
reprecipitation of purified crayfish (Jasus, verreauxi 
H.M. Edw.) chitin from sulphuric acid. The products of 
digestion, up to hexaose, were satisfactorily separated by 
paper chromatography using a solvent of pentan-2-ol/ 
pyridine/water (1:1:1)4. Oligosaecharide spots were loca- 
-+ ted by chlorination followed by a starch-iodide spray in a 
modification of the Rydon and Smith’ method for peptides. 
The oligosaccharides gave similar colour densities per unit 
weight. unlike the results given by other methods, such as 
silver development, in which the colour varies considerably 
with the size of the oligosaccharide. 

ee I (0-028 mg/ml.) digested 35 per cent of chitin 

5h. “The amount of digestion was determined by the 


É ofo pontrol might} be involved San auxanogeaphie approach T e t in 1 optical density at 420 ry : Besionan oa ; 
photometer, model DU) of a chitin. suspension (2 mg jal.) ; 


in 0-005 M citrate buffer, pH 45. 













“Vou, 200. 


_The enzyme prepara- 
tion was free of. acetylaminodeoxyglucosidase activity 
using phenyl acetylaminodeoxyglucoside and. chitobiose i 
as substrates. l 

Reaction mixtures containing chitinase I (0-001 mg, Irak, y 
oligosaccharides (1 umole/ml.) and citrate buffer pH 45 
(0-005 M) were incubated at 35° C for periods up to 5 he 
The disappearance of the substrate spots on the chromato- 
grams proceeded in order of increasing rate tetraose <- 
pentaose <hexaose. The products from hexaose were 
biose, triose and a small amount of tetraose; fron 
pentaose-biose and triose ; and from tetraose only biose.. 
No acetylaminodeoxyglucose was observed in the 
mixtures, and biose and triose were apparently not attacked 
by the enzyme. Under otherwise similar conditions būt 
with increased enzyme concentration (0-028 mg/ml.) and- 
time (18 h}, biose was not affected, but about 40 per cent of 
triose was digested producing biose and acetylamino- 
deoxyglucose. This was confirmed by estimation of > 
acetylaminodeoxyglucose®. The results are recorded in 
Table 1, in which the original amount of each substrate. - 
was assigned 6+ according to the colour of the chromato- — . 
gram spot and the amount of each product was assessed _ 
similarly. Mixtures of chitin suspension or purified - 
chitodextrin (2 mg/ml.) and chitinase I (0-028 mg/ml.) _ 
under conditions similar to the foregoing produced biose, 
triose, a little tetraose and a trace of acetylaminodeoxy: 
glucose. 


Table 1, DIGESTION OF CHITIN OLIGOSACCHARIDES BY CHITINASE 7 
Substrate Enzyme Time Products 
(ug/ml) (h) 2 3 4 f 6 
Biose 28 18 6 +- 
Triose 28 18 1+ 24 384 
Tetraose 1 4 1 -p & + 
i K] 3 + 3 
Pentaose i 1 t+ 2+ 3 i 
i 5 3 ++ 3+ 0 
Hexaose 1 1 l+ 2-4 1 + Zt 
i 5 24+ 3+ 1 + 0 


Reaction mixtures contained 1 gmole/ml, substrates and 0-005 M citrate © 
buffer pH 4-5. Incubated at 35° for times shown. Producta are labelled 
1, 2, ete. in order of molecular weight of oligosaccharide, and amounts are based 
on colour of chromatogram spots, a 


Chitinase I is incapable of splitting chitobiose, split ts 
chitotriose very slowly and higher oligosaccharides at a - 
considerably faster rate. The production of biose and = 
triose from hexaose shows that random splitting oceurs:. 
and that chitinase I is an endoenzyme. Two chitinases _ 
from Streptomyces’ acting on chitin produce considerable _ 
amounts of acetylaminodeoxyglucose and the only. other 
product is biose, thus differing from chitinase I, wh 
produces varying amounts of higher oligosaccharides in 
very little acetylaminodeoxyglucose. — A 2 

The action of chitinase I resembles that of salivary as 
x amylase*, which produces the higher oligosaccharides but 
little or no glucose from starch. It appears that, because ._ 
of the preference for the second or subsequent bonds inthe — 
oligosaccharides, the production of acetylaminodeoxy me 
glucose by chitinase I is very slow, and in practice may —_ 
occur only when triose remains in relatively high con- ae 
centration. r 
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‘VIROLOGY 


Interference between Polioviruses and the 
Effect of Ultra-violet Light 


INFECTION of animal cells with one type of pohovirus 
interferes with the growth of another, supermfecting, type 
added 30-60 min later!)?, On the other hand, sumultaneous 
infection with type 1 and type 2 polioviruses can result m 
both types of viral RNA growmg in the same cell, and in a 
considerable degree of phenotypic mixing in the progeny*-4 
This communication describes a case of interference 
between two strains of pohovirus after simultaneous 
infection at equal multiplicities 

ERK cell monolayers were trypsmized and maintained 
in suspension overnight ın growth medium at 36° C (ref 5) 
Suspended cells were infected or superimfected at 0° C 
(ref 5), and meubated in cell-growth medium at 36° C 
Samples were lysed with 0 2 per cent deoxycholate and 
diluted through either type 1- or type 2-specific antiserum 
before plaque assay® 

In the first experiment (‘Table 1), cells were mfected at 
0° C with a mixture of type 2, MHF-1 {ME F) and either 
(a) type 1, Brunhilde (BH), or (b) type 1, Brunenders (BE), 
§ adsorbed plaque-forming units of each type per cell 
After mcubation for 4 h at 36° C, the progeny in flask (a) 
could be neutralized to the extent of 70 per cent by type 1 
antiserum and 73 per cent by type 2 antiserum, mdicatmg 
the presence of about 43 per cent of doubly neutralizable 
infective particles*:* In flask (b), however, the progeny 
were almost exclusively type 2, although a subsequent 
experiment demonstrates that the moculum of type 1 (BE) 
alone was sufficient to infect all susceptible cells Separate 
one-step growth curves of MHF and BE were constructed 
under identical conditions, but no differences could be 
found between latent periods, rates of maturation, or final 
yields of the two viruses 

Pohovirus which had been irradiated with ultra-violet 
light before adsorption to cells was not able to mterfere 
with the growth of a later-infecting stram'? In order to 
mvestigate the effect of ultra-violet irradiation on the 
ability of MEF (type 2) to mterfere with the growth of 
simultaneously adsorbed BE (type 1), cells were mfected 
(3 orgmal plaque-formmg units of each virus per cell) 
with a mixture of untreated BH and madated MEF 
(7 per cent survival of plaque-forming units) After 
incubation for 5 h at 36° C, the progeny were predomi- 
nantly type 1 (Table 1, Exp 2), thus wradiation of 
MEF had much reduced its capacity to mterfere with 
simultaneous BE The total yield of plaque-forming units 
was no less than in a control culture mfected with the same 
two viruses without irradiation, confirming that the 
moculum of BH was sufficient to mfect all the cells Ina 
further experiment ıb was found that ın cells infected with 
MEF, meubated for 30 min at 36° C and then imadiated 
(sufficient to reduce the 5-h yield of MEF to 8 per cent of 
normal), the yield of supermfectng BE, added immed- 
1ately after wradiation, was only 10 per cent of that m 
control cells infected with BE alone after similar irradia- 
tion (Table 1, Exp 3) 


` Table 1 
Total yield Percentage of m- 


Exp ‘Treatment* ofcells/time Tımeof plaque- fectivity neutral- 
No of mfection or ultra-violet lysis (h) forming ized by antiserum 
irradiation units/cell Typel Type 2 
1 BH + MEF)0h 4 40 70 73 
BE + MEF)Oh 4 38 10 92 
2 (BE + MEFYOh 5 166 15 92 
(BE + U-V'd MEF)0h 5 160 94 23 
3 MEF/Oh 45 52 0 90 
MEFO h, U-V/05h 45 40 0 90 
MEFO h, U-V/05h, 
BE/[O5h 45 56 25 76 
ara U-V/0 5 h, 
BE/O5h 46. 14 99 0 


* BH, infection with type 1, Brunhilde, BE, infection with type 1, 
Brunenders, MEF, unfection with type 2, MEF-1 
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The fate of the (non-mfective) RNA of ultra-violet- 
radiated virus in susceptible cells ıs uncertain Unpub- 
lished expermments with poliovirus labelled with phos- 
phorus-32 have shown that wradhated virus still adsorbs to 
colls, and that there 1s no gross change m tho sedimenta- 
tion rate of ıts RNA But there ıs no evidence that 16 
achieves any of the early results of normal virus mfection. 
irradiated virus, for example, does not cause an early mhi- 
bition of cellular RNA synthesis! as does normal virus®-1, 

However, as described. here, mmadiation of mfected cells 
30 min after adsorption of an mteifermg virus did not 
elunimate the interference, although ıt stopped the growth 
of the interfermg virus It may be that radiation of virus 
so alters the configuration of its RNA as to prevent its 
attachment to a specific site within the cell, but that RNA 
from infective virus once attached to the site cannot be 
dislodged by ultra-violet light Two straims of virus 
infecting srmuttaneously would compete with each other 
if they required the same or overlappmg sites 

An alternative possibility 1s that an early virus-induced 
protem is responsible for the mterference Experiments 
with puromycin have suggested that protein synthesis 1s 
Per- 
haps the same early protem causes inhibition of cellular 
RNA synthesis and interference with supermfecting virus 
It would be mterestmg to know whether puromyem 
prevents this type of mterference which is estabhshed 
within 30 mm or Jess Interference between simul- 
taneously adsorbed viruses (MEF and BE) by such a 
mechanism would infer that one (MEF) produced its 
interfermg protem before the other, although this was not 
reflected m a measurably shorter latent poriod after single 
infection 
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PSYCHOLOGY 


Relative Retention in Immediate Memory 
- determined by the Missing Scan Method 


STORAGE mm immediate memory ıs often evaluated 
through retrieval, by requrmg subjects to recall or 
recognize previously presented material The serial error 
curve generated by retrieval, which shows the distribution 
of errors of omission in retrieval according to the seral 
position, of presented material, appears to reflect character- 
istics of retrioval as well as of storage 

Some effects of retrieval on the serial error curve have 
been summarized by Broadbent? in ns discussion of order 
effects ın recall When subjects are asked to recall material 
ın the order presented, the usual finding ıs that most 
errors occur m the second half of the series presented 
However, Kay and Poulton? found that when subjects 
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were asked to report the second half of the hst first, an 
equal number of errors occurred m both halves of the list 
Investigations by Brown’, by Lawrence and LaBerge‘, 
and by Broadbent! have shown that 1tems recalled first 
are more likely to be correct Because the first items 
1ecorded were most likely to be correct even if subjects 
knew ın advance which to record first, Broadbent con- 
cluded that items are not 1ecalled first because they are 
correct but are correct because they are recalled first 
Such order effects appear whenever a subject retrieves 
information m some order 

These considerations indicate certain hmuitations of 
retrieval methods for the investigations of storage im 
short-term memory These limitations may be overcome 
by the use of sampling methods which require only partial 
retrieval, as Sperling’, Averbach®, and Coriell’ have shown 
This report presents the serial enor cuive generated by 
another method, which may have certam advantages for 
the investigation of short-term retention 

The mussing scan’ method for the examination of 
Letention in mmediate memory’ does not require retrieval 
by recall o recognition It depends on knowledge of class 
membership, requiring the subject to report only that 
member of the class which was not presented Fo 
example, nme numbers randomly chosen from the class 
1-10 melusive may be presented serially ın random. order 
the task being to report which of the 10 numbers was not 
presented To report the missmg item correctly, all 
information presented must be retamed, therefore the 
mussing scan offers a sensitive measure of storage capacity 
If an error ıs committed ıt takes the form of reporting as 
missing some 1tem that was presented, indicating relatively 
poorer retention of an item presented m that particular 
serial position The serial error curve generated by the 
missing scan in this way may move clearly delineate 
retention, uninfluenced by any recall order effects 

It has been shown that most missing scan errors me m 
the first half of the list® The present experiment examines 
the missing scan. serial error curve in detail to show relative 
retention in short-term storage The twenty male subjects 
were patients on the Neurology Service of the Palo Alto 
Veterans Hospital, without clinically demonstiable mental 
deficit, who ranged m age from 26 to 71 with a mean of 
44 1 years Subjects were tested mdividually and mstruc- 
ted to report that number missing from a known set of 
thirteen after the examiner had read the othe twelve at 
the rate of one each second The missing numbers were 
chosen at random so that each of the thirteen was equally 
often missing, and the remaining twelve numbers were 
presented in random order The sets of thirteen numbers 
used were I-13 and 4-16 melusive, all hsts from one set 
were read before proceeding to the othe. Each subject 
received 156 such twelve-:1tem lists m counterbalanced 
order 

The proportion of correct reports given by all subjects 
clearly exceeded chance, ranging from 20 to 50 per cent 
with a mean of 33 per cent conect responses The missing 
scan error curve given here 1s based on ‘the serial distribu- 
tion of the 2,091 errors committed by these twenty 
subjects Fig 1 shows the 95+ per cent jomt confidence 
mtervals on error probabilities for each of the twelve serial 
positions Given the occurrence of an error, Fig 1 indicates 
the relative probability of ‘forgetting’ an item as a function 
of its position in @ serially presented list The cross bars 
show m decimal form the proportion of total errors in 
each serial position, from which the probabilities are 
derived. 

These results confirm that most missing scan errors are 
found in the first half of the list, and extend independent 
analysis of relative retention m short-term storage to 
show, at the 95+ per cent level of confidence, that (1) 
the first 1tem 18 better retamed than the second, the 
probability of error in serial position 1 bemg less than that 
m serial position 2, (2) separate consideration of senal 
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Fig 1 95+ per cent Jomt confidence intervals on error probabilities 

with respect to serial position, given that an error is committed The 

cross bars show in decimal form the proportion of 2,091 errors in each 
serial position 


positions 4-12 inclusive shows a generally decreasing 
probability of erro: from position 4-12, since the prob- 
ability of error in position 4>5, 6>7, 8>9, 10, 11>12 
This missing scan serial error curve deserves further 
investigation because ıt would appear to offer more 
adequate independent characterization of short-term 
storage, for the following reasons (1) Since the missing 
scan. does not require retrieval by recall or recognition, 
the serial error curve generated by this method 1s not 
influenced by any retrieval order effects (2) The missing 
scan offers a stronger determmation of retention because 
the missing scan error 18 an error of commission while the 
comparable recall or recognition error is an error of 
omission (3) The missing scan may specifically estimate 
relative retention, smce, ın the case where there ıs only 
one missing 1tem to be reported, the forced choice of a 
single item should select that 1tem least well'retained The 
independent analysis of storage thus available should 
enhance understanding of both retention ın and retrieval 
from immediate memory 
Tthank Dr Helena Chimura Kraemei, research associate 
in the Department of Biostatistics of Stanford University 
School of Medicine, for the statistical analysis 
HERMAN BUSOHKE 
Division of Neurology, 
Stanford University School of Medicine, 
and Palo Alto Veterans Hospital, 
Palo Alto, California 
1 Broadbent D E, Perception and Communication (Pergamon Press, Nen 
York, 1958) 
* Kay, H , and Poulton, E C, Bra J Psychol , 42, 34 (1951) 
3 Brown, J , Quart J Exp Psychol , 6, 141 (1954) 
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December 14, 1963 
FORTHCOMING EVENTS 


(Meetings marked unth an asterisk are open to the public) 


No 4911 


Monday, December 16 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W C 2), at 5 30 pm-—Mr W F Gibbons “Ceramic 
Sealing Techniques Applied to Electron Tubes and Semiconductor Devices” 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, S W 1), at 530 pm—Mr A Stevenson “Analysis of 
Dithiocarbamates and Thiuram Disulphides Used in Agriculture A Collab- 
orative Study of Macro-Methods Available for the Evaluation of Technical 
and Formulated Produets”’ 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, WC 2), at 630 pm—Sir 
Albert Mumford, K BE “Communications and Radio” 


ROYAL GEOGRAPHICAL Soctzery {at 1 Kensimgton Gore, London, S W 7), 


Don pm-—Dr L S B Leakey “Explormg Man’s Prehistory m East 


Monday, December l6—Tuesday, December !7 


BRITISH BIOPHYSICAL SOCIETY (at the Institution of Electrical Engineers, 
Savoy Place, London, W C 2}—Symposium on “Control Mechanisms” 


Monday, December 16—-Wednesday, December 18 


INSTITUTE OF PHYSICS AND PHYSICAL SOCIETY, ELECTRONICS, ELECTRON 
MICROSCOPY AND ANALYSIS, and LOW TEMPERATURE GROUPS (at Imperial 
College, London, $ W7)—Conference on “The Electrical and Magnetic 
Properties of Thin Films in Relation to Their Structure” 


Tuesday, December |7 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster 
London, S W 1), at 5 30 pm —Mr E C Halland Mr D R Russell “Tho 
Malta Underground O11 Fuel Installation” 


INSTITUTION OF ELECTRICAL ENGINEERS, SCIENCE AND GENERAL DIVISION 
(at Savoy Place, London, W © 2), at 5 30 p m Discussion on ‘Teaching 
of Electrical Measurements Abolition or Reform” 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W C 1), at 5 30 pm — 
es 4 En sik ae past oo Sloi Bacay Muscle’ (Last of 

ectu “The Sctentific Basis of Med: S 
British Postgraduate Medical Federatron )* Bae Speers E UV 


~ 


Wednesday, December 18 


ROYAL STATISTIOAL SOCIETY (at the London School of Hygiene and 
Tropical Medieme, Keppel Street, Gower Street, London, W C 1), at 5 15pm 
Tur R Oliver *Inter-Regional Migration and Unemployment, 1951- 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, WC 2), at 530 pm—Mr S J Emerson, OBE  “Pro- 
tective Earthing of Consumers’ Installations” 


INSTITUTION OF MECHANIOAY ENGINEERS, LUBRICATION AND WEAR 
GROUP {at 1 Birdeage Walk, Westminster, London, S W 1), at 6 pm — 
Discussion on “The Role of Metals in Lubrication” 


Thursday, December 19 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society, 

Burlmgton House, Piccadilly, London, W 1), at 5 p m —Dr W Domzalski 

Some Trends ın Mineral Resources Exploration”, followed by a ilm—“The 
West Wits Line” introduced by Mr A R O Wilhams 


LONDON MATHEMATICAL Society (at the Royal Astronomical Society, 
Burhngton House, Piccadilly, London, W 1), at 5 pm—Dr B J Birch 
“Elliptic Curves” 


SOCIETY oF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
GROUP (at 14 Belgrave Square, London, S W 1), at 6 pm—Sir Wilbam 
Glanville, CB, CBE “Materials and Construction Problems Bearing 
on Road Safety” 


Friday, December 20 


INSTITUTE OF NAVIGATION (at the Royal Institution of Naval Architects, 
10 Upper Belgrave Street, London, S W 1), at 5 30 pm—Mr J Bent- 
kowsky “Bridge Console Designs” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appomtments on or before 
the dates mentioned 


SENIOR LIBRARY ASSISTANT (with appropriate professional qualifications 
and/or experience), for cataloguing duties—The Librarian, University of 
Essex, Wivenhoe Park, Colchester, Essex (December 19) 

ASSISTANT LIBRARIAN (Chartered Librarian preferably with a university 
degree), for duties which will include classification and catalogumg and 
some help with reference and mformation work-—Clerk to the Governors, 
Woolwich Polytechnic, London, S E18 (December 20) 

ASSISTANT (preferably graduate, with a wide interest m books and reading, 
some experience in publishing and/or the editorial side of journalism) IN 
THE REVIEWS SECTION OF THE SCIENCE DEPARTMENT, for the selection and 
distribution of books and other publications (mostly scientific) to overseas 
reviewers—The Director, Recruitment Department, The British Council, 
65 Davies Street, London, W 1, quoting Ref A9/64/G/1 (December 20) 

LECTURER IN BACTERIOLOGY (Science)—-The Secretary of University 
Court, The University Glasgow (December 23) 

LECTURERS (2) IN PURE MATHEMATICS—The Registrar, The University, 
Manchester 13 (December 28) 

LECTURERS (83) (with research or mdustral experience m electronic 
applications and _cireuit techniques, m automatic control or in engineering 
$5 Stems) IN THE DEPARTMENT OF ELECTRICAL ENGINEERING—The Registrar 


NATURE 


1131 


Queen Mary College (University of London), Mile End Road, London, E 1 
(December 30) 

FELLOW AND TUTOR IN ENGINEERING SCIENCE—The Rector, Lincoln 
College, Oxford (December 31) 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS—The Seeretary, 
The University, Aberdeen (December 31) i 

LECTURER IN CLINICAL SCIENCE WITHIN THE DEPARTMENT OF SURGERY 
~The Secretary, The Queen’s University, Belfast, Northern Ireland 
(December 31) 

LECTURER (Physicist or Physical Chemist) IN THE DEPARTMENT OF 
PHYSICS, to assist with the teaching of the new degree course m the physical 
properties of materials—The Registrar (Room 22, O RB), The University, 
Reading (December 31) 

LECTURERS (2) (preferably with a special interest in the study of syn- 
thetic high polymers or im the application of radioactive tracer techniques) 
IN PHYSICAL CHEMISTRY—The Assistant Registrar (Science), The Univer- 
sity, Birmingham 15 (December 31) 

UNILEVER RESHARCH SCHOLAR (with a first- or upper second-class honours 
degree in a relevant subject or able to provide evidence of research aptitude 
and experience) IN THE DEPARTMENT OF BIOLOGICAL CHEMISTRY, to assist 
in work on the chemistry, biochemistry or cytology of mammahan intestine 
DE J Porteous, Department of Biological Chemistry, Marischal 
College, University of Aberdeen, Aberdeen (December 31) 

JUNIOR LECTURER (preferably imterested ın the cytological or phy s10- 
logical aspects of vertebrate reproduction) IN ZooLnogy—The Secretary, 
The Medical College of St Bartholomew's Hospital, West Smuthfield 
London, E C 1 (January 4) 

LECTURER IN GEOGRAPHY—-The Secretary of Faculties, University 
Registry, Oxford (January 6) 

LECTURER IN CHEaSTRY at the University of Sydney, Australia—The 
Secretary, Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, 5 W 1 (Australia and London, 
January 10) 

SENIOR LECTURER/LECTURER IN THE PSYCHOLOGY OF EDUCATION, 
University of Cape Town—The Secretary, Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, S W 1, 
and The Registrar, University of Cape Town, Private Bag, Rondebosch, 
Cape Town, South Africa (January 10) 

SENIOR TUTOR-DEMONSTRATOR (with a university degree in pharmacy 
(or its equivalent) and teaching experience since graduation) IN PHARMA- 
CEUTICS at the University of Sydney, Australia—The Secretary, Associa- 
tion of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, S W 1 (Australia and London, January 10) 

PROFESSOR OF SOIL ScIENCE-~The Registrar (Room 22, ORB), The 
University, Reading (January 113) 

CHAIR OF VIROLOGY at St Mary’s Hospital Medical School—The Academic 
Registrar, University of London, Senate House, London, W C I (January 13) 

ECTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF PURE 
MATHEMATICS—~The Registrar, University College of North Wales, Bangor, 
North Wales (January 13) 

PROFESSOR OF MATHEMATICS at Newcastle University College, The Uni- 
versity of New South Wales—-The Agent General for New South Wales, 
56-57 Strand, London, W C 2, and The Appomtments Section The Univer- 
sity of New South Wales, Box 1, Post Office, Kensington, New South Wales, 
Australia (London and Austraha, January 13) 

PROFESSOR OF PuHysics at Newcastle University College, University of 
New South Wales-—The Agent General for New South Wales, 56-57 Strand, 
London, WC 2, and The Appomtments Section, The University of New 
Sonn Reo Box 1, Post Office, Kensington, New South Wales, Austraha 

anuary 13 

LECTURER or ASSISTANT LECTURER IN Prysics at the University of 
Singapore—The Secretary, Inter-University Council for Higher Education 
Overseas, 29 Woburn Square, London, WC1 (January 15) 

LECTURERS (2) IN PSYCHOLOGY at the University of Sydney, Austraha 
~The Secretary, Association of Commonwealth Universities (Branch Office), 
Tendo aes House, Pall Mall, London, § W1 (Australia and London, 

anuary 1 

LECTURER IN HISTOLOGY AND EMBRYOLOGY, and a SENIOR TUTOR/ 
DEMONSTRATOR IN HISTOLOGY AND EMBRYOLOGY at the Umversity of 
Sydney, Austraha—The Secretary, Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall Mall, London, S W 1 
(Australia and London, January 16) 

LECTURER (with an honours degree in physics and some teaching and/or 
research experience) IN PHYSICS at the University of Queensland, Australia 
~The Secretary, Association of Commonwealth Universities (Branch Office) 
Marlborough House, Pall Mall, London, SW (London and Brisbane, 
January 17) 

SENIOR LECTURER and a LECTURER (with an honours degree in mathe- 
matics, and preferably a higher degree and some experience of research) 
IN MATHEMATIOS at the University of Queensland, Australia-~~The Secre- 
tary, Association of Commonwealth Universities (Branch Office), Marl- 
a House, Pall Mall, London, S W 1 (London and Brisbane, Janu- 
ary 

SENIOR LECTURER (with a Ingher degree mn biochemistry and consider- 
able teaching and/or research experience m this field) IN BIOCHEMISTRY 
at the University of Queensland, Austraha—The Secretary, Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, S W 1 (London and Brisbane, January 17) 

CHAIR OF BIOLOGY (in the field of animal biology) at the University of 
Sydney—tThe Secretary, Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, S W 1 (Austraha and 
London, January 31) 

CHAIR OF MatHEMATICS—The Seeretary, University of Lancaster, Baulngg 
House, Lancaster (January 31) 

LECTURER IN EDUCATIONAL PSYCHOLOGY—The Registrar, The University, 
Manchester 13 (January 31) 

SECOND CHAIR IN APPLIED PSYCHOLOGY at the University of New South 
Wales, The Agent General for New South Wales, 56-57 Strand, London, 
W C 2, and The Appomtments Section, The University of New South Wales, 
Box 1, Post Office, Kensington, New South Wales, Australia (January 31) 

SENIOR LECTURER (preferably with medical qualifications) IN PHARMA- 
COLOGY at the University of Hong Kong—The Secretary, Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, S W 1 (Hong Kong and London, January 31) 

FOUNDATION CHAIR OF MATHEMATICS (ether Pure or Applied) at Wollon- 
gong University College—The Agent-General for New South Wales, 56-57 
Strand, London WC2, and The Appointments Section, The Universitv 
of New South Wales Box 1, Post Office, Kensington, New South Wales, 
Austraha (February 28} 

PROFESSOR (with hich academic qualifications m chemical engineering 
or related fields, considerable research experience, and preferably mdustrial 
e\pertence in the fields of petroleum refining and/or petrochemicals) oF 
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CHEMICAL ENGINEERING at the University of New South Wales—The Agent 
General for New South Wales, 56-57 Strand, London, WC 2, and The 
Appointments Section, The University of New South Wales, Box 1, Post 
Office, Kensington, New South Wales, Australia (March 31) 

BioLoagist (aged 24-35, with an honours degree in zoology with post- 
graduate experience in anımal ecology) with the Government of Tanganyika, 
to carry out investigations connected with the management of wild life 
and to advise the Chief Game Warden—The Director of Recruitment, 
Department of Technical Co-operation, Eland House, Stag Place, London, 
SW 1, quoting Ref RC 346/145/03/T 

MASTER TO TEACH MATHEMATICS, including Sixth Form work-—The 
Headmaster, Bolton School, Bolton, Lancashire 

RESEARCH ASSISTANT (graduate ın zoology, physiology or biochemistry), 
to work under the Professor of Zoology on the physiology of coelenterates 
and/or the water and ionic balance of invertebrates using radioactive 180- 
topes—The Secretary, Queen Elizabeth College (University of London), 
Campden Hull Road, London, W 8 

RESEARCH ASSISTANT IN THE DEPARTMENT OF EDUCATION—Department 
of Education, The University, Old Aberdeen 

TECHNICIAN FOR THE ZOOLOGY DEPARTMENT—The Secretary, Royal 
Holloway College (University of London), Englefield Green, Surrey 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


The Empire Cotton Growing Corporation Progress Repcrts from Hxperi- 
ment Stations, Season 1961-1962 Taneanvytha—Coastal Regions By R 
Smıth and T Bradlev Pp 13 2s 6d Survey of Reports By H E King 


Pp 9 (London The Empire Cotton Growmeg Corporation, 1963 ) [269 
Nuffield Foundation Secrence Teaching Project—Progress Report Pp 
11+40 (London Nuffield Foundation, 1963 ) 269 


Translation and Technical Information Services TTIS Publication No 1 
Polyamide Productton—e Bibliography of East German Patents Pp 11 
(London ‘Translation and Technical Information Services, 32 Manaton 
Road, S E 15,1963) 10s , 1 50 dollars 

Ministry of Housing and Local Government Technical Committee on 
Storm Overflow and the Disposal of Storm Sewage—Interim Report Pp 15 
(Londcn HM Stationery Office, 1963) 1s 3d net 269 

Science Museum, London Serence Library Bibhegraphiecal Series, No 
788 Flightof Birds Pp 18 (Supplement to No 295 ) (London Science 


Museum, 1963 ) 269 
University of Londor. University College Calendar, 1963-1964 Pp 
1xxx1i1+482 (London University College, 1963 ) [269 
General Register Office Census 1961 England and Wales Population, 
Dwellings, Honseholds Leaflet No 15 Cornwall and the Isles of Scilly, 
Devon, Gloucestershire, Somerset and Wiltshire Pp 1+4+26. 25 6d net 
Leaflet No 16 Berkshire, Ruckinghamshire, Oxfordshire Pp i1:+11 
2s net Leaflet No 17 Norfolk, East Suffolk, West Suffolk Pp 11+16 
28 6d net (London HM Stationerv Office, 1963 ) [269 
Agricultural Research Council Memoirs of the Soil Survey of Great 
Brifaum—England and Wales The Soils and Land Use of the District 
Around Bangor and Beaumaris, (Sheets 94 and 106) By D F Ball Pp 
ix+182-+13 plates (London H.M Stationery Office, 1963 ) 35¢ net [269 
The British Non-Ferrous Metals Research Association Development 
Report No 71 Better Plating on Die Castings Pp 28 (London The 
British Non-Ferrous Metals Research Association, 1963 ) 7s 6d [269 
The Association of the British Phormaceutical Industry Facts on Drugs 
Information on Drugs and the National Health Service Pp 16 (London 
The Association of the British Pharmaceutical Industry, 1963 ) [410 
Ministry of Housing and Local Government Sixth Progress Report of 
the Standing Technical Committee on Synthetic Detergents Pp 12 (Lon- 
don HM Stationery Office, 1963) 1s net [410 
Office of Health Economics The Personal Health Services a Perspective 
of the General Medical and the Pharmaceutical Services Pp 31 (London 
Office of Health Economues, 1963 ) 2s [410 
Ministry of Labour Blind Workers are Good Workers Pp 8 (London 
Ministry of Labour, 1963 ) 410 
Treasury Aid to Developing Countries Pp 51 (Cmnd 2147) 
(London HM Stationery Office, 1963) 3s net 410 
Ministry of Transport Proposals for a Frxed Channel Link Pp iv+60 
(Cmnd 2137) (London HM Stationery Office, 1963) 6s 6d net [410 
Council for the Preservation of Rural England Thirtv-seventh Annual 
Report, 1962-1963 Pp 60-+-5 plates (Vol 17, No 5) (London Council 
for the Preservation of Rural England, 1963 ) [410 
The Royal Society for the Prevention of Accidents Zook Out, No 1 
(A Safety Periodica] for Employees) Pp 4 (London The Royal Society 
for the Prevention of Accidents, 1963 ) 410 
A Contradiction in the Argument of Malthus By F Hoyle (The St 
John’s College Cambridge Lecture 1962-63 delivered at the University ot 
Hull, 17 May 1963) Pp 22 (Hull The University, 1963 ) 4s net [410 
British Broadcasting Corporation Cells and Embryos (A Symposium 
broadcast in the B B C Third Programme, with contributions by Dr Lewis 
Wolpert, Dr Adam Curtis, John Maynard Smith, and Dr Sydney Brenner ) 
Pp 36 3s E=me? An Introduction to Relativity By Prof Hermann 
Bondi Pp 23 2s 6d@ The Science of Man Pp 48 38s (London British 
Broadcasting Corporation, 1963 ) [410 
Labour and the Scientific Revolution (A Statement of Policy submitted 
to the Annual Conference of the Labour Party, Scarborough, 1963 ) Pp 4 
(London ‘The Labour Party, 1963 ) [410 


Other Countries 


Bulletins de la Société Royale de Zoologie d'Anvers No 26 Monographie 
du Paon Congolais—Afropavo congensis Chapin 1986 Pp 98 o 27 
Tendance Specifique a l’Atheroselerose et Lipides Alimentaires chez les 
Animaux Sauvages Par MarcelM Vastesaeger, J Vercruysseet BR Delcourt 
Pp 36 No 28 A Propos de l’Immobilisation des Ruminants Sauvages en 
Captivité Par J Mortelmanset J Vercruvsse Pp 29 No 29 Le Diphen- 
oxylate, un Nouvel Antidiarrhéique—Son Emplo: dans la Clinique des 
Mammuféres Sauvages Tenus en Captivité Par J Mortelmans, J Vercruysse 
et R Marsboom La Distomatose Hepatique chez le Yack au Zoo d'Anvers 
Par J Mortelmans et J Vercruysse Pp No 31 Conjonctivite 
Epivootique chez Padda Oryzrvora Produite par un Acarien Sternostoma 
addae Fain, 1958 Par A Fain et J Bafort Deux Nouveaux Acariens 
Parasites Nasicoles du Rossignol du Japon, Levothrix lutea, Swainson Par 
A Fam et J Bafort Le Reseau Arterial Coronanien des Cavicornes Par 
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Pierre P van der Straeten et J Mortelmans La Dithiazanine son Emploz 
chez des Chimpanzes à Face Pale, (Pan schwewnfurthw (GIGL)), au Zoo 
d'Anvers ParJ Mortelmans et J Vercruysse Pp 62 (Anvers Société 
Rovale de Zoologie d’Anvers, 1963 ) {410 
Umited States Department of the Interior Geological Survey Water- 
Supplv Paper 1577 Ground-Water Geology and Pump Irrigation in French- 
man Creek Basin Above Palisade, Nebraska By W D E Cardwell and 
Edward D Jenkins Pp vit+472+plates 1-10 Water-Supply Paper 
1579 Progress Report on the Ground-Water Resources of the Louisville 
Area. Kentucky, 1949-55 By Edwin A Bell, Robert W Kellog and Willis 
K Kulp Pp 1v+49-+plates 1-15 Water-Supply Paper 1650-A Floods 
of December 1955—January 1956 in the Far Western States Part 1 
Description By Walter Hofmann and S E Rantz Pp ix+156+ plate 1 
Water-Supply Paper 1669-G Low-Flow Frequency Curves for Selected 
Long-Term Stream-Gaging Stations in Eastern United States By C H 
Hardison and R O R Martin Pp iv+30 Water-Supply Paper 1800 
The Role of Ground Water in the National Water Situation By C L 
McGuinness With State Summaries based on Reports by District Offices of 
the Ground Water Branch Pp x3i1+1121+ plates 1-4 (Washington, D C 
Government Printing Office, 1963 ) (71 
Boletim da Universidade do Parana Conselho de Pesquisas Departamento 
de Botanica e Farmacognosia da Faculdade de Farmacia No 6, (Novembro 
1962) Notas Palinologicas IV Plantas Oficinais (1) Por Rubens Braga, 
Edith B Lopes e Olavo Guimaraes Pp 7 No 7, (Novembro 1962) Flora 
Apicola de Curitiba—II Concentracao e Composicao de Nectares Por 
Rubens Braga e Eduardo A Moreira Pp No 9, (Maio 1963) 
Diatomaceas no Trato Digestivo do Australorbis glabratus (Say, 1818) Por 
Hermes Moreira Filho e Deise M Mazall: Momoli Pp 7 No 10, (Maio 
1963) Plantas Novas ou Pouco Conhecidas para o Eastado do Parana (IIT) 
Por Gert Hatschbach Pp 7 (Curitiba, Parana, Brasil Universidade do 
Parana, 1962 e 1963 ) [710 
Canada Department of Northern Affairs and National Resources 
Yatioral Museum of Canada Bulletin Ne 189, (Anthropological Series, 
No 59) Reportonan Eskimo Umiak Built at Ivuyivik, P Q ,1n the Summer 
of 1960 By E Y Arima Pp v+83 (22 plates), (Ottawa Queen’s Printer, 
1963 ) 1 80 dollars [710 
Satellite Communications Physics By Members of the Staff of Bell 
Lelephone Laboratories Edited by Ronald M Foster, Jr Pp 88 nso 
t 
Statistical Bulletin, Vol 44 


York Bell Telephone Laboratories, 1963 ) 
Metropolitan Lıfe Insurance Company 
(August, 1963) Our Child Population Nationwide Rise ın Educational 
Level Wo1k-Time Loss from Injury Cirrhosis of the Liver—an Important 
a Problem Pp 12 (New York Metropolitan Life Insurance Compe A 
Deutschen Wetterdienstes Berichte des Deutschen Wetterdienstes Nr 
89, (Band 12) Die Mittlere Hagelhiufigkeit in Bayern 1952-1961- Von 
Ernst Trautmann Pp 16 mit 4 Abbildungen und 13 Tabellen ım Text und 
2 Karten 270 DM Nr 90, (Band 12) Inversionen in der unteren 
Troposphare ım Raum Karlsruhe-Stuttgart Von Manfred Kleiss Pp 2/ 
mit 7 Abbildungen im Text und 47 Tabellen ım Anhang Bublrographien des 
Deutschen Wetterdienstes, Nr 14 Klhmaatlanten und Neuere Kl:imakarten 
Bearbeitet von Rudolf Ariol und Max Schlegel Pp 31 (Offenbach a M 
Selbstveilag des Deutschen Wetterdienstes, 1963 ) . [710 
Canada Mumuistére du Nord Canadien et des Ressources Nationales 
Musée Nationaldu Canada Bulletin No 188,(No 1 dela Série des Bulletins 


d’Histcire) Less Moules du Québec Par Robert-Iaonel Séguin Pp 
Ti (75 planches) (Ottawa Imprimeur de la Reme, 1963 ) ae 
ollars 


Year Book of the National Institute of Sciences of India, 1962 Pp vi+251 
(New Delhi National Institute of Sciences of India, 1962 ) Rs 1500 [1010 
East African Common Services Organization East African Agriculture 
and Forestry Research Organization Record of Research for the period 
1st January to 3lst December, 1962—Annual Report 1962 Pp vii+103 
(Kikuvu, Kenya East African Agriculture and Forestry Research Organiza- 
tion, 1963 ) 5s 1010 
India University Grants Commission Report for the year 1961-1962 
Pp v+36 (New Delhi University Grants Commission, 1963) Rs 150, 
3s 6d , 54 cents 1010 
Occasional Papers of the Califormia Academy of Sciences No 42, 
(September 15, 1963) Pliocene Lake Beds Near Dorris, California By G 
Dallas Hanna and G Clark Gester Pp 17+2 plates No 43, (September 
15, 1963) Some Pleistocene and Pliocene Freshwater Mollusca from 
California and Oregon By G Dallas Hanna Pp 20+2 plates (San 
Fiancisco California Academy of Sciences, 1963 ) {1010 
Canada Department of Mines and Technical Surveys Geological Survey 
of Canada Economic Geology, Report Nd 20 Molybdenum Deposits of 
Cannda By F M Vokes Pp xv-+332-+4 plates 450 dollars Pape 
63-5 Red Lake—Lansdowne House Area, Northwestern Ontario Bedrock 
Geology, Geophysical and Geochemical Investigations By $ Duffell, A 8 
MacLaren and R H C Holman Pp 1114+15+2 maps 75 cents Paper 
68-6 Red Lake—Lansdowne House Aree, Northwestern Ontario Surficral 
Geology By V K Prest Pp 11+238+2 maps 75 cents Paper 63-29 
Field and Laboratory Methods used by the Geological Survey of Canada on 
Geochemical Surveys No 4 A Laboratory Method for Determining 
Antimony ın Soils and Rocks By Margaret A Jardine Pp 10 365 cents 
(Ottawa Queens Printer, 1963 ) {1010 
Geological Survey of Tanganyika Bulletin No 34 The Proterozoic 
Rocks of Western Tanganvika Bv R Halligan Pp 34+3 plates+3 maps 
Shs 6 Geological Maps—Quarter Degree Sheets No 92 Kigoma No 93 
Kasulu No 112 Ilagala No 113 Uvinza No 131 Mgambo No 132 
Kakungu Standard Geochemical Sample T-1 Msusule Tonahte Pp 4 
Standard Geochemical Sample T-1 Msusule Tonalite, Supplement No 1 
Pp 6 (Dodoma Department of Geological Survey, 1961 and 1963 } [1010 
National Academy of Sciences—National Research Council Publication 
No 1134 The Treatment of Radiation Injury Pp v+19 (Washington, 
DC National Academy of Sciences—National Research Council, 1963 } 
1 dollar * [1410 
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The “Mistral 6L" ts developed from the 
MSE "Major Refrigerator’ Centrifuge— 
. famous throughout the world for tts 

dependability and performance. | 
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The New MSE “MISTRAL 60L” 
General Purpose Refrigerator Centrifuge 


The MSE “MISTRAL 6L” represents 
an outstanding advance in design 
and performance of large capacity 
refrigerator centrifuges. It incorporates 
the following new features of great 
practical importance to the user: 





GD 503 


4x 1250 ml and 6x1000 mI Swing-out Heads up to 2,500 r p m. 
Wide range of other Swing-out and Angle Heads for large 
numbers of smaller bottles and tubes at high speeds. 
Exceptionally fast acceleration to top speeds. 

Electronic speed pre-selection and control 

New type of drive mounting giving vibration-free running, 
even with some tmbalance. 

Compact and space saving—38” (84cm) wide, 33” (84 cm) 
front to back. 

Stainless steel bowl and working-top lid. 


For full details please write to: 
MEASURING & SCIENTIFIC EQUIPMENT LIMITED 
Spenser Street, London, S.W.1, England 


Telephone: ViCtoria 5426 
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CLASSIFIED ADVERTISEMENTS 


are charged at 12s for the first line and 
6s per line thereafter Lines in capitals or 
contaimng words in capitals 12s per line 
Semdisplayed £4 16s per single column 
inch Colour (orange) £15 extra is n 
charged for the re-direction of replies to 
adverusements with a box number 


ADVERTISEMENTS SHOULD BE 
ADDRESSED TO T G Scott and Son, 
Limtued, 1! Clement’s Inn, Strand, London, 
WC2 Telephone HOLborn 4743 Tele- 
grams Textualist, Estrand, London 








APPOINTMENTS VACANT 





PLANT PROTECTION LTD 


part of 
THE GENERAL CHEMICALS DIVISION 
OF ICI 


requires staff for the following semior 
appointments 


Serials 1, 2, and 4 will be located at Jealott's 
Hill, nr Bracknell, Berkshire 


Serral 3 will be located at Yalding Works, nor 
Maidstone, Kent 


Seral 5 will be located at the Company's Head- 
quarters at Fernhurst, Haslemere, Surrey 


RESEARCH CHEMISTS 


ANALYTICAL CHEMIST or BIOCHEM- 
IST to study the metabolism and mode of 
action of physiologically active substances 
and to develop physical methods of analy- 
sis Candidates should have a good 
honours degree and preferably postgradu- 
ate experience m organic or analytical 
chemustry 


2 ORGANIC CHEMISTS with research ex- 
perience and good honours degrees to 
work on the synthesis and the fundamen- 
tal physical organic chemistry of novel 
pesticides They should be rmnterested in 
the study of relationship between chemical 
structure and biological activity or in the 
elucidation of the mechanism and kinetics 
of chemical reactions 


3 FORMULATION CHEMIST with indus- 
trial experience to work on problems con- 
nected with the formulation of pest control 
chemicals This man must have the abihty 
to convert his findings into manufacturing 
practices for large-scale production An 
honours graduate m either chemistry or 
pharmacy would have a suitable academic 
background for this job 


RESEARCH BIOLOGIST 


4 BOTANIST with research expertence, good 
honours degree, a thorough knowledge of 
plant physiology, and preferably some 
knowledge of plant pathology and myco~ 
logy He will work on projects aimed at 
the discovery and development of new 
fungicides 


DEVELOPMENT AND TECHNICAL 
SERVICE BIOLOGISTS 


5 An ENTOMOLOGIST and a BOTANIST 
who should have good honours degrees 
and preferably postgraduate research ex- 
perence The department 1s mvolved im 
the development of new products as well 
as in techmical service for the existing 
range The work necessitates ciose coi- 
laboration with the Research Department, 
but will involve laying down and assessing 
independent trials, both at home and 
overseas 


Written applications should be addressed to 
the Staff Officer, Plant Protection Limited, Fern- 
hurst, Haslemere, Surrey, and need give brief 
details only 


Serial 
1 





UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF CHEMISTRY 


Applications are invited for two Lectureships 
in Physical Chemistry in the Department of 
Chemistry Preference may be given to appli- 
cants with a special interest m the study of 
synthetic high polymers or in the application of 
radioactive tracer techniques Imitial salary in 
the scale £1,250 by £60 to £1,670 by £80 to 
£1,830, £1,830 by £80 to £2,150, according to 
age, qualifications and experience, together with 
FSS U and family allowance benefits 

Applications (three copies), nammg three 
referees, should be sent by December 31, 1963, 
to the Assistant Registrar (Science), the Univer 
sity, Birmingham 15, from whom further particu- 
lars can be obtamed 
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AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


DIVISION OF SOILS 


PLANT PHYSIOLOGIST 
OR MICROBIOLOGIST 


Applications are invited for appointment to a position of Research Officer (Plant 
Physiologist or Muicrobiologist) with the Orgamization’s Division of Souls, located tn 
Adelaide, SA 

The Division of Soils ts concerned with research on soils, including pedological, chemical, 
physical, microbiological, and mmeralogical studies, together with the integration of these 
in investigations of soil fertility and the relationship between pliant growth and soil 
environment 

The Microbiology Section of the Division is well equipped to undertake studies in 
soil microbiology, biochemistry, orgamic chemistry, and plant physiology Equipment 
includes normal microbiology and biochemical requirements and m addition fluorescence 
microscope recording oxygen analyser, gas chromatograph infra-red and ultra-violet 
recording spectrophotometers, mass spectrometer, radioactive isotope counting equipment 
and glasshouse The Section is currently engaged on the oxidation of sulphur m soil, 
mycorrhizal associations on pine trees, phytotoxic substances from soil and from decom- 
posing pldnt residues, microbiological prospecting for oil, mucrobiology of the rhizosphere, 
bacterial moculation of crops, and the chemistry of soil organic matter 

The successful applicant will investigate the chemical nature of plant root exudates, 
mechanisms of exudation under different environmental conditions, and the importance of 


exudates m the nutrition of micro-organisms in the rhizosphere 


Applicants should possess a Ph D 


degree m plant physiology, biochemistry, or mucro- 


biology, or should have had postgraduate research experience of equivalent standard and 
duration supported by satisfactory evidence of research ability 

Salary Dependent upon qualifications and experience within the range £A1,674 to 
£A2,511 per annum (but net less than £A1,979 per annum) 

Salary for women will be £A188 per annum less than corresponding rates for men 


Promotion withn CSIRO 


is by merit and may go beyond the upper limut of the 


scale within which the origmal appointment 1s made 


Fares paid for the appomtee and his dependent family 
Mr W Hartley Chief Scientific Liatson Officer, Australian Scientific 


on application to 


Further particulars suppled 


Liaison Office Africa House, Kingsway, London, W C2, to whom applications (quoting 
Appointment No 270/254) should be addressed by January 11, 1964 


THE AUSTRALIAN NATIONAL 
UNIVERSITY 

HEAD TECHNICIAN FOR DEPARTMENT 
OF GENETICS 


Applications are invited for the position of 
Head Technician in the Department of Genetics, 
The John Curtin School of Medical Research, 
Austrahan Nanonal University, Canberra ACT 
The successful applicant will be responsible to 
the head of the Department and his duties will 
include supervision of technical staff, ordenng of 
chemicals and apparatus, general admunustrative 
duties and laboratory service The Department 
$ concerned only with research A wide expen- 
ence of bacteriological and biochemical laboratory 
practice 1s required, and experience in the hand- 
ling of laboratory animals would be an advantage 
The salary offered will be within the range 
£A1,884 to £A2,324 per annum The Umversity 
wil pay reasonable removal expenses and will 
provide assistance in obtaiming housing for an 
appointment from outside Canberra The posi- 
uon carnes superannuation long service leave 
and normal fringe benefits 

Applications should be forwarded to the under- 
signed at Box 4, GPO, Canberra, ACT, Aus- 
trala by December 20, 1963 


W S HAMILTON, 
Bursar 


UNIVERSITY OF MANCHESTER 


Applications are invited for two posts of Lec- 
turer m Pure Mathematics in the Department of 
Mathematics m the Faculty of Science Salary 
scale £1,250 to £2,150 per annum, initial salary 
according to qualifications and experience Mem- 
bership of the FSS U and children’s allowance 
scheme 

Applications should be sent not later than 
December 28, 1963, to the Registrar, The Umi- 
versity, Manchester, 13, from whom further par- 
ticulars and forms of application may be 
obtained 


UNIVERSITY COLLEGE 
GALWAY, IRELAND 
PROFESSORSHIP OF PHYSIOLOGY 

Appheations are myned for the above Pro- 
fessorship The latest day for recerving applica- 
tions will be February 20, 1964 

Further mformation may be had from the 
Secretary of the College 








BAKELITE LIMITED 


one of the Bakelite Xylonte Limited group 
of companies, have a vacancy in the 
LIBRARY of their Research and Develop- 
ment Department, Birmingham, for a 
CHEMIST (male or female) with an 


Honours degree or ARIC, who would 
when necessary deputize for their Librarian 
The position offers good prospects, and 
candidates must have a genuine interest in 
the literature of pure and applied science, 


a logical mind for us classification and 
retrieval and the ability to co-operate with 
other members of the techmeal sales staff 


Starting salary will be in accordance with 
age, quahficanons, and experience There 
1s a pension and life assurance scheme and 
a five-day working week 


Applications should be sent to 


Research and Development Manager, 
Bakelite Limited, 
Redfern Road, Birmingham, 11 





UNIVERSITY OF GLASGOW 
LECTURESHIP IN BACTERIOLOGY 
(SCIENCE) 

Applications are invited for a Lectureship in 
Bacteriology (Science) Salary scale £1,250 to 
£2,150 per annum Initial salary according to 
experience and qualifications FSSU_ and 
family allowance benefits 

Applications (eht copies) should be lodged, 
not later than December 23, 1963, with the under- 
signed, from whom further particulars may be 


obtamed 
ROBT T HUTCHESON, 
Secretary of the University Court 


APPLICATIONS ARE INVITED FROM 
Physicists with Ph D for a position m the De- 
partment of Physics, at the University of Victona 
Victoria, British Columbia, Canada Duties, 
which will meclude teaching and research, will 
commence on September 1, 1964 Salary will de- 
pend upon qualifications and experience Salary 
floors at present are $12,000 for Professor $9,000 
for Associate Professor, and $7,000 for Assistant 
Professor —-Applications and inquiries should be 
S to the Head of the Department of 

ysics 
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Are you a British scientist in the U.S.A. thinking of 
returning to work in Britain? You may find what you 
are looking for, without having to go home first, in the 
| Civil Service, the United Kingdom Atomic Energy 
oe Authority, or the Central Electricity Generating Board. 
: Research Fellowships and Permanent Appointments 
There are openings in all branches of science. The — 
2 order in which they are most numerous is (i) physics, 
- mathematics, engineering, and metallurgy; 
(ii) chemistry and biochemistry; (iii) biology. The 
research ranges from the most fundamental to the 
most applied. 


Assistance with fares to the United Kingdom will be considered. | 


oe A selection board of scientists will be coming to 
_ Washington, New York and San Francisco from - 
May, 1964. If you would like an appointment _ 
would you write by 31st January, 1964, to: 
D Saxton, Director, United Kingdom Scientific 
Aission, British Embassy, Washington, D.C. 


mi a . A issued jointly by the Civil Service Commission, eee oe ui, 
ee the U. K. Atomic Energy Authority, and the Central Electricity aaa Board _ i ee ae 















MATHEMATICIANS IN 
GOVERNMENT SERVICE 

The following are examples of existing 
vacancies which may be filled at SCIEN- 
TIFIC OFFICER or SENIOR SCIENTIFIC 
OFFICER level. 


NATIONAL PHYSICAL LABORATORY, 
“Teddington, Middlesex. 

Mathematician or physicist for the develop 
ment and application of methods of 
NUMERICAL ANALYSIS, research on 
problems of applied mathematics, physics 
and engineering, or research on problems 
of the solid state, liquid state, polymer 
physics, etc; in each case with the AP- 
PLICATION OF HIGH SPEED COM- 
POTERS particularly in mind, 


ROYAL AIRCRAFT ESTABLISHMENT, 
Farnborough, Hants, 

Mathematicians for theoretical and opera- 
tional studies of AIR TRAFFIC FLOW 
and control systems; using mathematical 
models, digital simulation, statistical and 
operational research techniques. 


PROOF AND EXPERIMENTAL ESTAB- 
LISHMENT, Shoeburyness, Essex. 

For theoretical and experimental investiga- 
tion of the ACCURACY AND RELIA- 
BILITY cf proposed and existing instru- 
mentation systems, including data process- 
ing. 

POST OFFICE RESEARCH STATION, 
Dollis HHL London. 

Mathematician to assist Engineers and 
Physicists in STATISTICAL AND 
NUMERICAL METHODS and  pro- 
gramming of scientific calculations ; access 
to electronic computers, 


ADMIRALTY SURFACE ‘WEAPONS 
ESTABLISHMENT, Portsdown, Hants. 
Mathematician for ADVANCED COM- 
PUTER PROGRAMMING | investigation 
for radio/radar weapons systems. 

There are many other vacancies in most 
scientific disciplines. Recruitment by the 
Civil Service Commissioners is to perman- 
ent and pensionable posts. 

APPLICATION Forms from Civil Service 
Commission, 23 Savile Row, London, 
Whol, Stating age and qualifications. 
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MINISTRY OF AVIATION 


ELECTRICAL INSPECTION 
DIRECTORATE, Bromiley, Kent. 


SENIOR SCIENTIFIC OFFICER to start 
and lead a small Statistical Advisory Sec- 
tion to advise and assist in the collection, 
analysis anc interpretation of numerical data 
in connection with inspection, testing and 
reliability assessment. The applicant ap 
Pointed will also arrange and give courses 
on statistical quality contro! methods to 
Inspectorate staff, Some years’ experience 
in the application of statistical theory, pree 
ferably in statistical quality control methods 
necessary, Knowledge of electrical en- 
gineering an advantage. 


APPLICATION Foam from Ministry of Avia- 
tion, Est. 2/3.4.3, Room 415, Adelphi, 
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WAR DEPARTMENT 


| ROYAL MILITARY COLLEGE OF 
SCIENCE, Shrivenham, Wilts. 


LECTURING APPOINTMENTS in Meech- 
anical Engineering, Chemistry and Physics 
for teaching at University level and lecture 
ing to dégree and specialized courses and 


ro «assist with laboratory classes. Research 
is encouraged and work would be sullable 
for publication and submission for higher 


degree. Extensive well-equipped labora- 
tories. 

QUALIFICATIONS: First- or secomb 
class honours degree or equivalent qualifi- 
cation in appropriate subject ; membership 
of professional body an advantage. For 
the chemistry post, radiochemical experience 
is desirable, but not essential. SALARY 
on scale £1,438 to £1,772 (Senior Lecturer} 
or £791 to £1,309 (Lecturer) according to 
age, experience, etc. F.S.S.U. Prospects 
of permanency and promotion for the posts 
in Mechanical Engineering and Chemistry. 
Accommodation provided for single man; 
prospects of house for married man. Fure 
ther particulars and forms from the 
Registrar at the above address. 


ROYAL NAVAL SCIENTIFIC 
SERVICE 


GOVERNMENT COMMUNICATIONS 
HEADQUARTERS, Cheltenham, Glos. 


SCIENTIFIC OFFICERS/ SENIOR 
SCIENTIFIC OFFICERS: 
MATHEMATICIANS required for com- 
pater application and programming, and 
for combinatorial and statistical research. 
PHYSICISTS and ELECTRONIC ENGIN- 
EERS for research, development and de- 
sign work in telecommunications field ine 
volving use of latest equipments and modern 
techniques, 


EXPERIMENTAL OFFICERS/ ASSIST- 
ANT EXPERIMENTAL OFFICERS: 
MATHEMAT ICIANS for compater pro- 
gramming, 


ArrLY to §.5.P., Admiralty, Empress State 
Building, London, S.W.6. 





SCIENTIFIC OFFICER/SENIOR 
SCIENTIFIC OFFICER 


SALARIES : S.O. £791-£1309 


{increments and special £95 award for 
approved post-grad. experience). 
$.8.0. L438- 1772 


(Starting salary may be above minimum). 
Salaries are supplemented in the London Area. 


QUALIFICATIONS : 


SO, : ist or 2nd Class Hons, Degree or 
Dip.Tech. in appropriate subject. 
Age under 29%. 

$.8,0.: As above plus at least 3 years post- 
graduate research. Age 26 to 31. 





ASST. EXPERIMENTAL 

OFFICER/EXPERIMENTAL 

OFFICER 

SALARIES ; A.E.O, £490 (age 18) ~ 69! 
(age 22) ~ £858 {age 26) ~ £1053. 
E.Q. £1164-€1431. 

Salaries are supplemented in the London Area, 


QUALIFICATIONS : 


Degree, Dip.Tech., H.N.C. or equivalent 
in appropriate subject. Under age 22, 
minimum qualification is 2 G.C.E. ‘A’ levels 
in Scientific subjects. AEC.: age 18-27. 
E.O, 26-30, l 
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Full details of careers in the SCIENTIFIC CIVIL SERVICE are available 
on request from Civil Service Commission, 23 Savile Row, W.1. 


| SCHOOL OF 


` fessor will take charge of the Department of 


_. the names of three referees, to the Agent-General. 
| before February 28, 1964, and a copy forwarded o> 
by airmail to the Appointments Section, The Unj- 
= yersity of New South Wales, Box 1, Post Office, 
Kensington, New South Wales. 










Salary will be £A4,605 per annum. The Pro- 


Industrial Engineering within the School of 
Mechanical Engineering. The Department offers 
both undergraduate courses (BE. B.Sc.(Tech. ) 
and postgraduate courses (postgraduate diploma, 
M.Tech.) as well as providing facilities for te- 
search leading to higher degrees. Applicants 
must have extensive industrial experience as well 
as high academic qualifications and research 
ability. Subject to the consent of the University 
Council, Professors may undertake a limited 
amount of higher consultative work. The Uni- 
versity -reserves the right to Bi the position by 
invitation. ; 

Details of conditions of appointment, including 
superannuation, travel arrangements, study leave, 
housing scheme, may be obtained from the 
Agent-General for New South Wales, 56-37 
Strand, London, W.C.2. Four copes of appli- 
cations should be typed and forwarded, together. 
with the names of three referees and a recent 
photograph, to the Agent-General before Febru. 
ary 17, 1964. A copy of the application should- 
be forwarded by airmail to the Appointments: 
Section, The University of New South Wales, 
Box 1, Post Office, Kensington, N.S.W., to reach 
there before the above-mentioned date. 


AUSTRALIA . 
THE UNIVERSIEN KEW SOUTH WALES | 
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SENIOR LECTURER/LECTURER 


in 
INDUSTRIAL CHEMISTRY 
NEWCASTLE UNIVERSITY COLLEGE 


Salary: Senior Lecturer, £42,755 range £43,255. 
per annum, Lecturer, £A1,905 range £42,605 
per annum. Commencing salary according to 
qualifications and experience. Applicants minst- 
hold an honours degree in science, applicd science 
or chemical engineering or have equivalent qualis- 
fications. For appointment as Senior Lecturer 
a higher degree is essential. Teaching or research 
and industrial experience would be advantageous. 
The successful applicant, if a Senior Lecturer, 
will be responsible to the Head of the Departe 
ment of Chemical Engineering and Industrial 
Chemistry for undergraduate instruction in ingus 
trial chemistry to the fourth year honours level- 
and for the supervision of postgraduate rescarch 
in the same subject. 

Details of conditions of appointment may. be 
obtained from the Agent-General for New South 
Wales, 56-57 Strand, London, W-C.2, with whom 
four copies of applications and names of two 
referees, should be lodged before February 17, 
1964, and a copy of the application forwarded 
by airmail to the Appointments Section, The 
University of New South Wales, Box 1, Post 
Office, Kensington, New South Wales, to reach 
there before the above-mentianed date. 


_ AUSTRALIA i 
THE UNIVERSITY OF NEW SOUTH WALES 
SYDNEY » ce: 





invites applications for appointment to the 
FOUNDATION CHAIR OF MATHEMATICS 
(elther Pure or Applied} 
WOLLONGONG UNIVERSITY COLLEGE 
(An associated College of the University of New 
South Wales} 


Salary will be £44,605 per annum. Candidates 
should have strong research interests in one or 
more branches of mathematics. The courses.. 
offered at the Wollongong University College lead - 
to the dégrees of the University of New South 
Wales and, within the framework, the Professor . 
will be expected to develop at the College under- > 
graduate ami graduste studies in mathematics, 
The College was established in 1961 and is siii- 
ated in the most rapidly expanding city in 
Australia. Wollongong is fifty miles from Sydney | 
and there is ready access to adjacent untversities — 
and research establishments. The College is exse — 
panding and in 1964 will cammence offering 
courses in Arts and Commerce. Subiect to the - . 
consent of the University Council, Professors may 
aanak a limited amount of higher consultative 
WOTE, . eu feces oc 

Details of conditions of apnointment. may be. 
obtained from the Agent-General for New South o . 
‘Wales, 36-57 Strand, London, W.C.2. Pour. 
copies of applications showd. be typed and: for... 
warded, together with a recent photograph and 
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“A remarkable achievement in design, consultancy 
and co-ordination”. 

All over the world, Baird & Tatlock have designed and 
executed laboratory installations of every type and size. 
Their service includes expert advice at planning stage; 
design and manufacture of special units; and, for some 


projects, on-site supervision of installation. 
For the giant CIBA Research Centre at Goregaon, | | | | | | | | | | | 
India, BTL were called in to furnish the entire 80 | 
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laboratories - totalling 36,000 sq. ft. of floor space! 
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Some of the laboratories furnished include: 


Textile Preparation & Dyestuffs Laboratories Analytical laboratories + Balance Room 
Polarimeter labs - Optical Methods labs - Electronic Workshop: Precision Machine shop - Apparatus Room 


Pharmaceutical Laboratories General Laboratories - Distillation & Extraction labs - Tracer labs 
Paper Chromatography labs - Pharmacological labs - Parasitology labs - Bacteriology labs - Hydro- 
genation laboratory. 

The installation included 2950 ft. of benching | very close liaison with CIBA and their architects 
and 34 specially designed fume-cupboards with | -the internationally known firm of Suter & Suter. 
balanced draught systems. Pre-serviced racks 

were shipped from England ready for installation Wherever you are extending existing facilities, 
and the manufacture of all timber work in India or planning a complete new laboratory —call in 
was closely supervised by BTL’s design consul- the BTL Furnishings Division! This is the first 
tants, who, at all stages of the project worked in | step towards the speedy and successful comple- 

tion of your laboratory project. 
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THERMOSTATIC BATHS 


INSTRUMENTS 
CAMBRIDGE 


10 - 100°C 
4+0.25°C & 0.10°C. 

DIAL MARKED IN °C 
PROPELLER STIRRING 
STAINLESS STEEL TANKS 


The illustration shows our 6 gallon (Model SB4) bath fitted with pump circulator and with 


10 mm. test tube rack and pitched lid. Standard models range from 2} gallons (£29,10.0) to Il 


gallons (£36.10.0), but special sizes can be made at little extra cost. 


ACCESSORIES 


Pumps for circulating temperature-controlled liquid through our side apparatus 


Cooling tubes for operation at temperatures down to 2°C above tap water temperature | 


Refrigerated cooling coils for operation at temperatures down to 0°C 


Stainless steel test tube racks — Stainless steel flask racks ` 
Stainless steel non-drip lids Flat lids with rings for large flasks 
Constant level devices Thermometer clips 
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SP.680 MICROCELL ACCESSORY 


The Unicam SP.600 Visible Spectrophotometer is now 
available with the SP.625 Autocell Accessory; a unit 
= which greatly reduces sample handling time. Also avail- 
Me able is the SP.649 Power Supply Unit. This replaces the 
dry batteries normally supplied and provides an all- 
mains operation. 











ge These latest developments, together with the SP.680 
i Microcell Accessory and the SP.630 Test Tube Holder, 
make the SP.600 Spectrophotometer the most versatile 
instrument for all absorption measurements in the 
region 360-1000 mu. 








The Autocelil, Microcell and Test Tube Accessories 
are easily interchangeable and each is designed to fit 


into the ceil well of the main instrument—no special 
fitting arrangements are necessary. 


© SP.625 Autocell 


The new Unicam Autocell provides a completely auto- 
matic means of filling and emptying the special sample 
cell. One control is provided (see illustration above) and 
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AUTOCELL 


MICROCELL ACCESSORY AND TEST TUBE HOLDER 





the operator can fill and empty the sample cell without 
any risk of cell breakage, sample spillage or contamina- 
tion. This speeds analysis and greatly improves accuracy 
and reliability. The minimum sample volume required is 
5 ml. Tests have shown that less than 1 per cent of 
sample volume remains after emptying. The sample 
comes into contact only with fine bore polythene or 
stainless steel tubing. 


SP.649 Power Supply Unit 


The Power Supply Unit has been designed to replace 
both H.T. dry batteries and can be easily fitted to every 
SP.600. It will appeal to those who require the extra 
convenience and reliability of an all-mains operated 
instrument, The unit consumes less than 5 watts and 
its output is unaffected by mains voltage fluctuations of 
+123 per cent. 


Full information on the SP.600 and its accessories will 


gladly be sent on request. 


UNICAM INSTRUMENTS LIMITED - YORK STREET - CAMBRIDGE 
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A STIMULANT FOR BRITISH SCIENCE 


HE sixteenth annual report of the Advisory Counell 
on Scientific Policy *, covering the year 1962-63, was 
published shortly after the report of Sir Burke Trend’s 
Committee on the organization of crvil serence ft, m which 
the report of Sir Wiliam Slate.’s Committee on Reseaich 
into National Resources appended to the Advisory 
Councul’s report, 1s discussed Even mn that respect, the 
Trend Committee, while anticipatmg, does not lessen the 
interest of the Advisory Council’s own report, which may 
indeed be scrutimized even more closely in the light of 
tho Trend Commiuttee’s proposal to ieconstitute the 
Advisory Council itself as a more authoritative and 
independent body Apart from this, however, the 
Advisory Council’s 1eport has features of particular 
interest in 1t8 comments on the European High-Energy 
Physics Programme, on scientific documentation and on 
research in oceanography and mame biology A brief 
note on the emigration of scientists 1s supported by a 
copy of a memorandum on tho subject submitted to the 
Minister for Science last May 
The report of the Advisory Council on Scientific Policy 
opens with a discussion of the report of the Committee 
on Scientific Manpower on Screnizfic and Technological 
Manpower in Great Bruant, published early m October 
This has recently been discussed ın these columns (Natwe, 
200, 297; 1963), and no more need be added here than 
that the Advisory Council reiterates 1ts concern over the 
preference for science ovel technology which continues 
to be shown by the more promising entrants to the 
universities and the need for gieate: emphasis on post- 
giaduate i1esearch in technology The Council’s con- 
tinuing concein ove: an adequate supply of supporting 
staff in the shape of technicians has now led ıt to institute 
an enquiry, under the chairmanship of Sir Wills Jackson 
who has now succeeded Sir Solly Zuckerman as chairman 
of the Scientific Manpower Commuttee, into the supply of 
and demand foi such staff (see also p 1145 of this issue) 
During the year, the Advisory Council was mvited to 
advise the Minister for Science on the attitude the United 
Kingdom should adopt to the proposals in a 1eport fiom 
a representative body of nuclear physicists, with Prof 
B H. Flowers as chanman, set up by the Joint Con- 


sultative Panel for Nuclear Research on the Department. 


of Scientific and Industral Research and the National 
Institute for Research into Nuclear Science The Advisory 
Council does not dispute this workmg group’s behef that 
physics 1s to-day on the threshold of far-.eaching develop- 
ments which will come to fiuition with a new theory of 
the nature of matter and of 1ts fundamental mteractions 
It ıs possible that, either at this stage or later, gravitation, 
the creation of matter and the problems of cosmology 


* Su.teenth Annual Report of the Advisory Council on Scientific Policy, 
1962-1963 (Cmnd 2163) Pp 53 (London H MSO , 1963 ) 3s 6d net 


{ Committee of Enquiry nto the Organization of Cuml Science Pp 59 
Can 2171 ) (London HMSO, 1963) 48 net (See Nature, 200, 1029, 


t Advisory Council on Scientific Polhes Commuttee on Scientific Man- 
power Seentific and Technological Manpowe: in Great Britain, 1962 (Cmnd 
9146) Pp 60 (London H WSO ,1963) 3s 6d net 


may be unified with high-energy physics Nor does the 
Council deny that Britam’s national facilties for high- 
energy physics are now, or will be in the near future, 
bettered only by those of the Umited States, while through 
the Ewmopean Organization for Nuclear Research, Britain 
has opportunities second to none The working group 
accordingly wishes Britam to contmue to play a full 
part m European collaboration m high-energy physics 
even in the enlarged programme now proposed, which 
envisages inter ala, capital costs of £120 milhon 
over an 85 year constructional period, followed by 
operating costs of £20 million upwards, compared with 
the capital costs of the existing installation at the Euro- 
pean Centie for Nuclear Research of some £20 milhon 
and current operatmg costs of £8 milhon, of which 
Britam’s contribution has been slightly less than 25 por 
cent 

The Advisory Council recognizes that nuclear physics 
18 much more expensive than most other types of scientific 
work, but ıt recognizes also that Biitain’s expenditure 
on other scientific 1esearch 1s too low ‘There is also a 
serious deficiency m provision for university research, 
the expenditure for the Research Councils 1s expected to 
increase at more than 10 per cent per annum In the 
circumstances, unless the Government is prepared to 
provide the relatively small sum needed to satisfy the 
legitamate needs of general scientific research m the 
universities by supplementing departmental research 
budgets, mereasmg the supply of technical assistance of 
all grades and creatmg more semor posts, the Advisory 
Council considers that ıt will not be justified in supportmg 
the expenditure 1eqwred to further these research pro- 
posals, good as they are in themselves It stresses, instead, 
the urgent need for international co-operation m this aron 
and in that of space research 

It is umpossible not to beheve that the Advisory Council 
is right to insist that theso needs of the universities are 
pumary and must be met first, not merely to avoid dis- 
tortion of Britain’s research effort m general but equally 
to avoid serious consequences in the universities and other 
institutions of Ingher education Nor is this opmion 
invalhdated by the effects of the National Institute for 
Research in Nuclear Science and of the European Organ- 
wation for Nuclear Research in attracting the return of 
physicists from the United States to use the new oppor- 
tunitres—which is noted m the Advisory Counctl’s report, 
though not ın its memorandum to the Minster for Science 
on the emigration of scientists That memoiandum, 
after reviewing the report of the Royal Society’s com- 
mittee and other evidence, made six specific proposals 
for Government action, all of which aie under considera- 
tion and on some of which action has already been taken 

A review of salaries m universities by the National 
Incomes Commission 1s already well advanced Research 
Councils are already authomzed to pay the university 
scientific departments an additional £200 per annum m 
respect of each holde: of a postgraduate award, and the 
responsible bodies have already taken steps to mmumuize 
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delay ın the award of student grants and giants for 
specific research projects Besides increasing the number 
of senior posts in universities, the memorandum also 
suggested increasing the scale of technical assistance at 
all levels for university research, and awarding post- 
doctoral fellowships, to be held on their return, to out- 
standing men before they leave for research experience 
overseas, or placmg a member of such fellowships at the 
fiee disposal of universities and governmental research 
laboratories 

In these two matters alone, on the evidence of the 
present report, the Advisory Council 1s displaying a vision 
and an energy that has been lackmg m some recent 
reports and which should preclude any hasty acceptanco 
of proposals for its reconstitution—though not for 
strengthening its authority On scientific documentation, 
too, the Advisory Council shows a greater awareness of 
its responsibilities and opportunities, and although durmg 
the year the Department of Scientific and Industrial 
Research made its first grants to universities and colleges 
for research mto problems relevant to scientific docu- 
mentation, there 1s no doubt that the Advisory Couneil 
does, as 1b 18 already constituted to do, take a wider view 
than the Department The proposal to transfer such 
1esponsibilities to the Office of the Minister for Science, 
which will presumably be in close touch with the Advisory 
Council, 13 fundamentally sound and should also stimulate 
that essential wider conspectus of lbrary resources and 
responsibihties which embraces the contribution of the 
National Central Library, the public library service, the 
university libraries and others, not to mention the new 
National Reference Library of Science and Invention, 
which is not mentioned in this report 

This aspect could well be Uluminated by the survey, 
which has already been put m hand, of the sources of 
information used, by a representative sample of research 
chemists and physicists, and those working on the borders 
between these two subjects The survey asks for critical 
appreciations of the limutations of these sources and 
suggestions for improvement, and 1t also covers the storage 
and retrieval of information The Institute of Physics 
and the Physical Society, the Chemical Society and the 
Royal Institute of Chemistry have co-operated in selecting 
the sample and ensuring that it 1s representative 

The Advisory Council also refers to the recommendation 
in 1963 by the British National Committee for Astronomy, 
folowing discussions between British and Australian 
scientists, that the urgent need for British astronomers 
to have access to a large-diameter optical telescope im 
the southern hemisphere could best be met by a jomt 
British~Austrahan project for a 150-m mstrument, sited 
in Australia, and working ın close association with radio- 
astronomy. In reviewmg im its 1959-60 report the 
balanee of scientific effort m Britam, the Advisory 
Council noted the neglected position of optical astronomy 
and the interest and importance of the relatively unex- 
plored southern sky No firm proposal had, however, 
previously emerged which could be put to the Government 
for decision, but the Advisory Council now strongly sup- 
ports the view of this Committee and recommends that a 
design study should be undertaken as soon as possible 

In view of the Trend Commuttee’s recommendation 
legarding a National Resources Research Council, based 
essentially on the proposals of Sir Wilham Slater’s Com- 
mittee, which has already been fully discussed in these 
columns (Nature, 200, 1031, 1963), there ıs little to add 
by way of comment on the present report The Advisory 
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Council agrees with the mam conclusions of the Slater 
Committee but disagrees with the majority’s view that 
responsibility for research m terrestrial ecology should 
be separated from responsibility for the establishment 
and management of nature reserves It considers, 
rather, with Sir Solly Zuckerman, that the whole of the 
Nature Conservancy’s work should fall within the ambit 
of the proposed Council 

Apart from this, 1t should be added on the subject 
that, besides 1ts general discussion of the case for a new 
Research Counce: for Natural Resources, the Slater Report 
gives separate sections to the discussion of fisheries 
research, oceanography, hydrology, land use, terrestrial 
ecology, forestry research, soil science, and to the work 
of the National Resources (Technical) Committee The 
latter Committee was set up in 1950 ın succession to the 
Imports Substitution Panel of the Committee on Indus- 
trial Productivity, and at present advises the Minister 
for Science and the Chancellor of the Exchequer on tech- 
nical problems of the development, use and conservation 
of natuial resources arising fiom considerations of the 
United Kingdom import and investment programme 
This Committee, the Slater Committee suggests, should 
come under the new Research Council and, with its staff, 
form an operational research unit ın this field While 
agreeing that the laboratories of the various fisheries de- 
partments should also be transferred to the new Research 
Council, the Advisory Council was undecided whether the 
responsibilty for the Torry Research Station should be 
transferred to the new Research Council or to the Agii- 
cultural Research Council, though it was satisfied that ıt 
should no longer rest with the Department of Scientific 
and Industrial Research Moreover, in view of the blind- 
ness of the ‘Trend Committee regarding overseas research, 
it should be noted that the Slater Committee recom- 
mends that the proposed Research Council should be 
empowered to support or undertake research overseas, and 
it directs attention to the urgent need of many developing 
countries for expert advice ın this wide field I+ 1s also 
to be noted that ıt visuahzes the resultant important 
contribution to technical aid as bemg of benefit to British 
scientists as well as to the developing countries themselves 

The Slater Committee, as just noted, discussed tho 
oiganization of research in oceanography although this 
was not meluded in the hst of subjects which 1t was 
originally asked to consider ‘The final section of the 
present Advisory Council’s 1eport considers at some 
length the question of research m oceanography and 
marine biology Howeven, ıt does not comment specifically 
on the recommendations of the Slater Committee in this 
field In these recommendations 16 was proposed to place 
the administrative responsibility for the National Institute 
of Oceanography with either the Admiralty or the new 
Natural Resources Research Council, which should, in 
any event, take over the scientific and financial imterest 
of the Development Commussion in the Institute and 
should be authorzed, directly or through the Institute, 
to undertake or support oceanographic research in any 
part of the world 

The Advisory Couneil on Scientific Pohey has not, 
however, completed 1ts own survey of oceanography and 
marine biology, and its comments ın the present report 
are limited to the work of the institutions already con- 
sidered In 1961, the Council was requested to consider 
the Royal Society’s proposals concerning Britam’s par- 
ticipation. in the International Indian Ocean Expedition 
and for general expansion in the marine sciences. Twenty 
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nations and some forty research vessels are participating 
in the Indian Ocean Expedition, in which Britam 1s 
playing a full part ın the form of a well-diversified ivesii- 
gation of the north-western area of the Indian Ocean 
The principal geophysical aim is to establish the crustal 
structure of the Arabian Sea and to determine its relation 
to the surrounding continental land masses, while the 
biological programme, besides covering the descriptive 
biology of the Arabian Sea, arms at mvestigations of the 
cycle of events in @ typical upswelling region, and of 
variations of fertility in 1elation to present-day boun- 
daries and crater layering 

Commenting specifically on the National Institute of 
Oceanography, the present research programme of which 
covers a wide 1ange of physical, chemical and biological 
investigations, the Advisory Council points out that its 
grant-m-aid has increased from £175,000 a year ın 1961-62 
to £360,000 for 1963-64, and that in the period 1961-63 
the new RRS Discovery was built at a cost of £800,000 
The Institute’s staff of 25 ın the scientific officer class on 
Apiil 1, 1960, ıs expected to total 35 on March 31, 1964 
On the work of the Development Commission, the Ad- 
visory Council points out that total grants by the Com- 
mussion to the independent marme biological institutions 
at Plymouth, Edinburgh, Millport on the Clyde, Port Erm 
and Culle1coats, have risen from £209,500 in 1960-61 to 
an estimated £257,900 in 1963—64, while contributions to 
university research ın oceanography m 1962-63 exceeded 
£4,000, some £90,000 bemg allocated for this latter 
purpose by the Department of Scientific and Industrial 
Research There were 654 students in 1962-63 taking 
special subjects related to marme biology as part of 
honours courses compared with 450 m 1959-60 and 81 
postgraduate students compared wiih 39, while six 
universities were providing undergraduate courses in 
oceanography 

The Advisory Counce ıs much impressed with the pro- 
gress which has been made in what ıt regarded ın 1959-60 
as a relatively neglected field, but, as already indicated, 
its full comments are reserved until ıt has completed its 
survey of other institutions supporting work ın this field, 
on which the aggregate research expenditure in 1962-63 
was æ further £725,000 Meanwhile, here again ıt seems 
clear that the Advisory Council ıs fully competent to 
discharge the responsibilities that are already placed on 
1t for co-ordination and advice over the whole field of 
science It would seem that given the adequate staff 
stressed by the Trend Committee ıt should be able to 
meet any further responsibilities which may fall to it 
from the expansion of those of the Minister for Science 

There may be real substance ın the recommendations 
of the Trend Committee that 1ts authority should be 
strengthened and that its value would be enhanced by 
widening the basis of appomtimg its members and ensurmg 
that they were independent rather than official repre- 
sentatives Nevertheless, there ıs much in the Advisory 
Couneil’s present report to restore confidence ın the 
judgment and mdependence of the Council which some 
of 1ts recent reports have shaken and to demonstrate that 
it can be an effective instrument if wisely and firmly 
used The Advisory Council ıs to be congratulated on a 
fine report, which should be carefully studied by all 
responsible for taking decisions on the future organization 
of cvil science in Britam If m the event this report 
should prove to be the ‘swan song’ of the Advisory 
Council as at present constituted, 1t 1s not one of which 
the Council need fear reproach 
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THE WONDERS OF PSYCHOTHERAPY 


A Study of. Brief Psychotherapy 
By D H Malan (Mind and Medicine Monographs, No 8 ) 


Pp xiv+312 (London Tavistock Publications (1959), 
Ltd , Springfield, I Charles C Thomas, 1963) 35s 
net 


Therapist—Patient Expectancies in Psychotherapy 

By Dr Arnold P Goldstenmn Pp xvi+141 (Oxford, 
London, New York and Paris Pergamon Press, 1962 ) 
30s 


Dependency ın Psychotherapy 

A Casebook By Prof Wiluam U Snyder Pp vu + 424 
(New York The Macmillan Company, London Colher- 
Macmillan, 1963) 70s 


ESEARCH in psychotherapy has fo. long been the 
despair of experimentally minded psychologists, and 
while there are some gleams of hght contamed in the 
books under review these are not really sufficient to con- 
sider the gloom any less inspissated than before The 
crucial question that confronts psychotherapists ıs a very 
simple one, does ıt work ? Curiously enough this 1s 
precisely the question that psychotheiapists have always 
avoided, relying on assumptions, persuasion and sheer 
accumulation of clinical anecdotes, rather than scientific 
demonstration Gradually the repeated ciiticisms of this 
unverified assumption have caused more and more analysts 
to acknowledge the sad deficiencies of their discipline, and 
now even the Tavistock Clinic, previously among the most 
leluctant to admit the point, joms the majority by 
admitting, in the words of D H Malan, the senio1 hospital 
medical officer “that thero ıs not the shghtest indication 
from the published figures that psychotherapy has any 
value at all? If the acknowledgment of ignorance ıs the 
begining of the acquisition of wisdom, then we may 
perhaps regard this as one of the few rays of hght men- 
tioned above 
For the rest, alas, Dr Malan’s book falls into all the 
traps which have beset the task of previous workers who 
have tried to produce evidence in favour of psychotherapy 
in general or a special type of psychotherapy in particular 
Malan tries to show that brief psychoanalytic therapy 18 
possible even with relatively severe cases of neurosis; 
he does this on a very small group of about twenty cases, 
which he admits to have been very highly selected indeed 
There was no control group and consequently no assess- 
ment of the hkely role of spontaneous remission was 
possible Malan argues, not entirely without reason, that 
the short duration of the treatment and the chronic 
nature of the disorders militate against an argument 
based on spontaneous remission, ın view of our lack of 
detailed knowledge of the occurience of spontaneous 
remission. in the type of case treated, this argument will 
appeal more to the converted than to those whose minds 
are still open 
Malan’s reasons for acceptmg the efficacy of psycho- 
therapy appear to be based on the behef that the standards 
of cure adopted by analysts are higher than, and different 
from, those used by behaviour therapists This may beso, 
the example he gives does not suggest, however, that this 
18 very likely, and the fact that many behaviour therapists 
started out as trained psychoanalysts would also seem to 
speak against it In any event, if psychoanalysts adopt 
different criteria we must ask for some evidence that these 
criteria are relevant and refer to something which can be 
demonstrated to exist, if a patient complains of mmpo- 
tence, ıt would require a good deal of demonstration to 
show that to relieve him of this rmpotence ıs not to cure 
him, and that what 1s required m addition (and possibly in 
leu) 1s to give him insight into his Oedipus complex ! 
Malan gives some statistical treatment of his data, 
undeterred by the small number of cases (which he 
acknowledges as making this enterprise rather hazardous) 
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o: by the fact that the very curious method of selection 
does not make them representative of any concorvable 
universe of patients, thus making the application of 
statistical methods relatively unrewarding Altogether 
Malan 1s clearly not very sophisticated in the use of 
statistical methods, his assertion on p 173 that two-tail 
tests must be used when a prediction has been made but 
the correlation found 1s of the opposite side to that 
predicted is quite fallacious Tho reader obviously cannot 
1ely for statistical guidance on tho author of this book, 
and this makes it all the more difficult to evaluate his 
conclusion that bref psychotherapy 1s useful m certam 
types of cases, or his attempted demonstration of some 
of the correlates accompanying improvement However, 
when. all 1s said and done this 1s nevertheless an interesting 
book, sophisticated m many ways, and moie aware than 
most of the pitfalls and difficulties attending rigorous 
demonstration in this field It 1s a pity that Malan has 
fallen prey to the prevailing belief among psychotherapists 
that to acknowledge a deficiency in a research design 
makes ıt unnecessary to umprove the research design in 
such a way that the deficiency 1s removed 

Goldstein’s book 1s a purely argumentative one contain- 
ing no new material It has an unusually high ratio of 
references to text, thero are 121 pages of text and 342 
references In parts the book reads as if the author had 
handed his secretary his reference cards with a few com- 
ments scribbled on each, with the struction of typing 16 
all into one consecutive text The theme that seems to 
iun through some of this display of erudition seems 
anchored ın the placebo effect—and ıb 18 characteristic of 
the author that he cannot even tell the reader what the 
word means in English without having to put in a reference 
to somebody else 

What Goldstein says in brief 1s that the notion of spon- 
taneous remission is erroneously labelled and that expec- 
tations on the part of the patient aroused by such things 
as repistermg for assessment, bemg administered per- 
sonality tests, etc, have an important part to play m 
his recovery These placebo effects are indeed important, 
but ıt 1s difficult to think of anybody who has written on 
spontaneous remission who has not held a similar view 
Obviously while spontaneous remission occurs m time 1t 18 
not effected through the passage of time alone, ıt has 
always been regarded as a task for further research to 
establish just precisely what are the agencies responsible 
for spontaneous remission Learning theomsts, for 
example, have implicated extinction as a possible mechan- 
ism, but this whole school 1s completely neglected in 
Goldstem’s discussion What the notion of ‘spontaneous 
remission” maintains 18 essentially that the remission 
occurs without benefit of explicitly formulated and 
planned psychotherapy on the part of a traied psycho- 
therapist, by using his own notions of what might be 
meant by spontaneous remission, and by disregarding the 
accepted usage, Goldstem manages to build up a man of 
straw which he then demolishes amidst unrversal merri- 
ment It is not obvious what useful purpose is served by 
this exercise 

Snyder’s book rouses one’s worst fears, mdeed, in some 
ways 1t had bettor be called anon-book Recent develop- 
ments m American psychology had led one to a nghtmare 
of patients’ outpourings under psychotherapy bomg taken 
down on a tape rocorder, typed out by a secretary and 
immediately rushed to the publishers without mtervention 
of any form of critical reasonmg This book approaches 
the ideal although not quite reachmg it, the two cases 
recorded are edited rather than bemg quoted im full, but 
nine-tenths of the book 1s still made up of the tape record- 
ings as they came from interview They are meant to 
ulustrate the principle of ‘dependency’ ın psychotherapy 
which I myself found too nebulous to state in brief, their 
purpose, apart from acting as an illustration, appears 
to be to help in traimng future psychotherapists It is 
difficult to see what they can possibly learn fiom this 
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agglutination of verbiage, or what relationship, howeve1 
tentative, there can be between what apparently goes on in 
this ‘dependency’ relationship and science Strictly 
speaking this book cannot be reviewed at all, not bemg a 
book in the ordinary sense, 1b will presumably be studied 
and acted on by Snyder’s students, but 16 1s unbkely 
that anyone else would want to read ıb or derive any 
benefit from domg so There 1s, ıt should be added, a brief 
introduction dealmg with some research accounts im this 
field, but these do not enlighten at least one reader as to the 
meaning and usefulness of this book H J EYSENOK 


NUCLEAR INSTRUMENTATION 


Proceedings of the Symposium on Nuclear Instruments, 
Harwell, September [96| 

Edited by J B Birks Pp vu+26l 

wood and Co , Ltd , 1962) 60s 


Nuclear Instruments and Their Uses 

Vol 1 Tomzation Detectors, Seintillatois, Cerenkov 
Counters, Amplifiers Assay, Dosimetry, Health Physics 
(National Academy of Sciences—National Research 
Council) Edited by Arthur H Snell Pp 494. (New 
York and London John Wiley and Sons, Inc, 1962 ) 
578 


Wẹ have moved a long way from the 1omzation cham- 
bers and Geiger counters which were used with the 
37-ın cyclotron at the time of Rutherford’s death in 1937 
Progress has been far more rapid ın the sophistication of 
the experrment and the saving of the physicist’s tame than 
m almost any other branch of human affairs, and tho 
meeting in Harwell which succeeded the Rutherford 
Conference reviewed the armoury of techniques now 
available for a 1enewed attack on the outstanding prob- 
lems of nuclear physics There were three main sessions 
two on particle recording devices, ope:ating either by the 
hight omitted or, m the case of the semiconductor, by 
the conversion of particle energy into an electrical pulse, 
the third session was on recording of complex data 

Prof McGee described the construction and output of 
photo-electriec image intensifiers to 1ecord the faint hght 
emitted by high-energy particles passmg through semtil- 
lation chambers, some show a light gam of a thousand, 
some have been developed as gates shutting ın a micro- 
second, phosphors may be chosen to store for a micro- 
second or a munute, but these devices are at present 
restricted to a few special experimonts—a typical use 1s 
given in the recording of weak interactions of mesons 
There 18 some useful information on the statistical proper- 
tios of semtillation counters, the tıme taken to deliver a 
signal from one photo-electron, and the total time of 
operation of the photo-multipher Recently liquid hehum 
has been shown to be a good scintillator, emitting light 
in the far ultra-violet which 1s not seriously attenuated in 
the hqud and may be absorbed by a phenyl to give a 
visible hght pulse 

The semiconductor particle counters are bemg de- 
veloped at high speed, but the Conference did not 
devote much time to descriptions of these, one paper 
discusses the effect of imperfections of a liquid-air-cooled 
silicon crystal on the current pulses released by fast 10ns 
passing through the crystal ın different directions, but 
energy resolution can be disappointingly small Very 
thin counters can be used to distinguish between the 
ionization. of particles of different mass but of the same 
total energy before they enter a detector to measure then 
total energy Neutron counters dependmg on neutron 
induced reactions m the counter have been developed in 
Harwell, they can be so compact that they cause little 
modification to the neutron flux, the proton recoil counter 
has a polythene layer in contact with a silicon surfaco 
barrier detector, the helrum-3 counter 1s a gas layer of 
helium between two silicon detectors 
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There are several papers on the spark dischaige 
chambers used for tracking multiple events arismg from 
cosmic rays or high-energy particle accelorators , one simple 
application 18 as a speedy check on the exact location and 
shape of the beam emeiging from a machine operating at 
hundreds of cycles per second High efficiency of dis- 
chaiging 1s essential 1f a multiplicity of events ıs to be 
recorded over a large volume, yet spurious sparking must 
be suppressed Neon/helium mixtures have been shown to 
be the best with methane to quench the discharges, and 
these have an efficiency of nearly 100 per cent and are 
markedly superior to the earlier argon-filled chambers 
For work involving merely deflexion in a magnetic field 
thin-plate electrodes are used with a }-m spacing, but 
absorption expernnents may be performed with thicker 
plates of various elements There seems to be a difference 
m experience with chambers sealed, or flushed contin- 
uously with gas 

The third and fowth sessions were devoted to mprove- 
ments ın the iecording of complex olectrical signals 
derrved from the detection of nuclear events Three 
papers from Saclay 1eview the conditions to be satisfied 
m setting up automatic experiments m nucleai physics, 
and extreme reliability of components is emphasized with 
1epeated checks on the operating accuracy of the com- 
putois used An ingenious improvemont ın the storage 
of mformation on a magnetic tape by the use of a multi- 
track recording head was described and papers were given 
on sophisticated multi-channel pulse height analysers 

The second book 15 a really comprehensive text-book on. 
nuclear mstruments compiled by seven authors, mainly 
from the Oak Ridge Laboratory, and each chapter is 
extremely well supported by bibliogiaphical references so 
that the book will serve the advanced student and also 
the research scientist very satisfactorily Jonization 
chambers proportional counters, Cerenkov counters and 
semtillation counters are described in great detail with full 
accounts of the theoretical considerations on which. they 
aic based, and these chapters are followed by a detailed 
account of the construction and operation. of electi1ometeis 
and amplhfiers The last three chapters concern the 
measurement of 1adioactivity, dosimetry and personnel 
monitoring, chapters invaluable to the scientists ın many 
discrphnes using traco elements and responsible for the 
safety and health of operatives in laboratories, factores, 
o1 at nuclear power stations The seven authors and the 
editor have genoiously contributed ther efforts on a 
royalty-free basis, and the 500-page book ıs commendably 
cheap for the wealth of information ıt contains 

The fundamental processes involved in creating 10n1za- 
tion mn gases by fast and slow electrons and charged atoms 
ale described in detail m the opening chapters, with atten- 
tion directed specially to the mportance of gas purity if 
true distinctions are to be drawn between 1onization im 
different gases Fast counters only collect the electrons 
produced in the gas, ignoring the positive and negative 
ions which have far lower mobility, so gas purity 18 also 
important to avoid electron capture by olectro-negative 
gases, @ full account 1s given of the factors including 
geometric which affect electron collection The importance 
of purity 18 enhanced in chambers operating at high 
pressure, for oxample for y-ray absorption experiments, 
and details are given of methods to purify the gases com- 
monly used The proportional counter which operatos 
by amphfication of primary ionization m. the high field 
surrounding the collector electrode has found its greatest 
appheation in recording quanta of low energy, for example 
from 250 eV upwards, and the chapter discusses resolu- 
tion, proportionality and calibration of counters operating 
on this principle 

The application of the scintillation counter to the 
efficiont detection and spectroscopy of nuclear radiations 
arises because charged and uncharged particles and 
gamma-rays having a wide range of energies can be 
whollv absorbed ın the semtillator and the hght output 1s 
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nearly propoitional to the absorbed energy Moreover, 
the hght ıs emitted ın an extremely shot time, so resolu- 
tions m the mullimicrosecond range can be obtamed 
Brief accounts of the giowmg of morganic crystals are 
given, together with the scimtillation properties of the 
most unportant with therr activators, why some halides 
are efficient seimtillators and others are not 18 still a 
mystery Organic crystals of the aromatic hydro-carbons 
are efficient scintillators 1f very pure and plastic scmtilla- 
tors can be made by dissolvmg in polystyrene made from. 
the vory pure monomer freed fiom dissolved ar» as they 
can readily be made very large they are efficient detectors 
of fast neutrons A second solute may be used to convert 
the fluorescent radiation to a spectrum mote acceptablo 
to the photo-cathode utihzed m the multiphe: Fo 
very large volume detectors for very fast particles organic 
liquids may be used, the solvent acting as the stopping 
medium, the solute, the fluorescent or wave-length shiftei 
Extreme purification ıs necessary, oxygen must be 
removed for reasons not fully undeistood Many solutes 
have been tried and the solvent may be loaded with 
boron or cadmium salts if neutron detection 1s required 
o1 with heavy elements for y-ray detection 

The latest addition to the scmtillation detector is the 
family of noble gases, but they need to be very pure and 
then to be mixed with wave-length shifters Their use is 
specially for the heavier charged particles, the hght out- 
put per unit energy bemg msensitive to the charge o1 
mass of the particle stopped in the gas 

The optical coupling between scintillato: and photo- 
multiphe: tubes is briefly treated, together with charac- 
teristics of many tubes, and there 1s a long and nformativo 
account of many types of experiments usmg these counters 

Cerenkov counters find their application in detecting 
particles of extremely high energy They use the shock 
wave emitted when particles travel through them with 
speeds higher than the velocity of light m them, and tho 
angle of emission depends on B n (refractive index, n) 
They therefore at once discaid all particles below a 
threshold velocity, and typical of their use 1s the detection 
of mesons in a high background flux of neutrons and 
knock-on, protons Focusmg and non-focusmg types of 
detectors are well described, transparent lquefied gases. 
and water may be used to record electrons from 300 keV 
upwards and heavier particles ın the multi-MeV range 
Wave-length shifters may be used, and then the hght 
emission 18 1sotropic A careful analysis of the efficiency 
of collection of hght ın the counter concludes an mvaluable 
chapter 

The chapter on de measurement of the outputs from 
ionization chambers and the pulse amplification for 
spectral analysis of the output fiom the many counters 1s 
very comprehensive, advanced theoretical analysis is 
coupled with many practical details to be observed in the 
choice and assembly of components 

The last three chapters deal with the techniques used in 
radiation measurements and will be of value to a wide 
range of users who may not necessarily be specially con- 
cerned with the physical principles of particle detection 
and the circuits of recording devices, other physico- 
chemical methods of radiation measurement are not 
dealt with §-Counting 1s dealt with first, as the many 
disturbing factors such as absorption, back reflexion, 
sample covering and geometry are perhaps more important 
than for « or y-rays The application of the 4-7 counting 
technique has been greatly enhanced by the crystal and 
liquid semtillation counters, as samples may—in cortam 
cases—be placed m the scintillator or m a cavity within 1t 
The pomts needing extreme care for absolute measure- 
ments are most clearly stated with adequate references to 
original work where the greatest precision is expounded 
For «-counting the problems are similar, though less 
onerous than for B- and for y-counting the scmtillation 
method ıs rapidly replacing all others due to its hugh 
(nearly 100 per cent) efficiency There are important 
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corrections to be made foi geometry and y-escape, and the 
‘total intimsic efficiency’ of a scintillation counter 1s 
oxhaustively tieated 

The chapter on dosimetry 1s confined to fundamental 
concepts and present trends when dealing with physically 
(physiologically) significant doses, and in Chapter 7 most 
oxplicit details and instiuctions are given for people 
working with sources of and ın excess of microcuries 
There ıs a short historical account of the way the ‘safe’ 
exposure dose has been arrived at over the past thirty 
years culminating in the 1959 recommendations for 
operatives exposed to different kinds of radiations, 1b 18 
good to note that the author and most health physicists 
dealing with people continuously employed in a radiation 
field divide even these conservative figures by a further 
ten The improved film meter 1s advocated for personnel 
monitoring, and many mstruments for surveymg are 
described General guidance ıs given for waste disposal 
and accidents The health physicist—a new and rapidly 
growing profession—needs to know every word of this 
account T E ALLIBONE 


WORKING UNDER PRESSURE 


Solids Under Pressure 

Edited by Wiılham Paul and Douglas M. Warschauer 
(McGraw-Hill Series in Materials Science and Engmeermg ) 
Pp xvu+478 (New York McGraw-Hill Book Company, 
Inc ; London McGraw-Hill Publishing Company, Ltd, 
1963) 116s 6d 


WIDE variety of imvesugations, which have been 

conducted at high pressures, 1s reviewed in this book, 
but descriptions of high-pressure techniques are excluded 
almost entirely—apart from a special bibliography at 
the end 

Having chosen a connecting thread, the editors would 
seem to have pulled ıt, but the result 1s a book which 1s 
unusually easy and entertaming to read This 1s in part 
due to the fact that, with a new parameter to be varied, 
the simplest properties of the sumplest solids are the first 
objects of exploration The bases of famular theoretical 
models aie, therefore, probed afresh, and most of the 
chapters in. this book involve re-statements of these basic 
models fiom shghtly unfamiliar pomts of view (hence the 
ontertainment) 

My guess 1s that many physicists have the notion that 
the results of measurements at high pressures are only 
1arely of much significance, and that the experiments 
themselves are always of the brute-force varieties This 
book would dispel such views There are great difficulties 
in the way of achieving hydrostatic conditions at pressures 
in the megabar range, but up to 30 kilobars there 1s 
standard and not too elaborate equipment now available 
and measurements of high resolution. and of several differ- 
ent kinds can be made The same 1s true of preossuies up 
to 100 knlobars ın specialist laboratories Pressure might 
not rival temperature as a parameter, the variation of 
which can produce large and significant changes in the 
behaviours of solids, but itis clearly catching up Thisisa 
timely situation, because there is an increasing need to 
separate those parts of a changein behaviour with tempera 
ture which are explicitly temperature-dependent, on one 
hand, and implicitly temperature-dependent (for example, 
via lattice expansion) on the other Ancillary measure- 
ments at high pressures make this possible and there are 
several examples ın the book The present-day theoretical 
concern with interactions between quasi-particles (lattiee- 
waves and spin-waves in particular) makes this separation 
particularly desirable 

Eighteen authors contribute fourteen chapters on 
equilibrium, transport and activation properties, and 
phase transitions, mvolving descriptions of optical, 
mapnetic elastic, thermal and other measurements 
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The whole book 1s addressed as a tribute to Prof Brndg- 
man, whose death regrettably preceded the publication 
He contirbuted the mtioductory chapter, and the rest 
of the book illustrates the first steps in his vision of the 
future of high-pressure 1esearch a3 & progressive delocal- 


ization, of electrons in successive atomic shells 
D H MARTIN 


TEXTILE PHYSICS 


Physical Properties of Textile Fibres 

By Prof W E Morton and Dr J W 8 Hearle Pp 
xx14+608 (Manchester The Textile Institute, London 
Butterworth and Co (Publishers), Ltd., 1962) 106s 


COMPENDIUM of information, dealing with a subject 
A wide enough for no one to be master of all of it, 
tends to be recerved with opposite comments according to 
the self-control of the 1eader He is tempted to look 
first at the part dealing with his own speciality The 
result will be a c1iticism—none of us approve of encyclo- 
pedia articles on our own subjects (unless, indeed, we 
have written them ourselves) But this is to misuse the 
book . its proper role 1s to help us to look up other people’s 
subjects as may be necessary, even if superficially, so that 
we do not have to pester our colleagues Who, then, 
could safely write a book lke this ? Obviously a teacher, 
for he alone in our sadly specialized world has to mamtain 
more than @ passing interest m all branches of his subject 
The Physwal Properties of Textile Fibres 1s jast such a 
book, and 1t 18 fittingly written by a professor and a sen101 
lecturer at the Manchester College of Science and Tech- 
nology It made a good first impression, and was accord- 
ingly subjected to the stringent test of bemg lent to varous 
colleagues of mine with a request for their opimions on parts 
dealing with them own topics In no case was there an 
adverse report—this 1s high praise 

After an introductory chapter on fibie structure, which 
may be regarded as setting the background for the rest of 
the book, there 1s a long section on fibre dimensions and 
their measurement, followed by sections on density, 
moisture relations and effects, mechanical, electrical, 
optical and thermal properties, and, finally, one on fric- 
tion Throughout, the treatment preserves a good balance 
between methods of measurement, iesults specific to 
particular fibres, and discussion of their meaning ‘Tho 
accounts of methods are critical where required, and 
attention 1s given to that especial plague of textile physics 
—variation in results—and how to deal with ıt The 
methods of measurement described are not only those 
used in research laboratories, methods used m industry 
aie given a fair share of attention, though ın all cases the 
emphasis 18 on principles rather than on practical details 
(which aie available elsewhere) 

The book 1s well supplied with diagrams, and date are 
presented by graphs rather than tables wherever possible 
Here arises one of the few criticisms that can be made 
where data are to be read from graphs in a book, ıb 18 
convenient if the scale of reproduction is such that the 
units are simply related to centimetres or mches so that 
a 1uler can be used without pape: calculations Thuis 1s 
not often done, but ıt would be a welcome novelty In 
the present book some 50 per cent of the graphs do comply 
with this 1equirement, but the remaining 50 per cent ale 
reproduced just a little too big or too small When the 
book comes to a well-deserved second edition, may we 
have these adjusted ? 

The lists of references, always an important part of a 
book hike this, are adequate so far as can readily be seen, 
where faults are usually those of omission 

Occasional blemishes occur, for example, at the bottom 
of p 105 some of the mstrumental parts referred to by 
letter are not present in the gppropriate diagram, and 
there are a few rash statemerits such as that in the lest 
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sentence on p 522, where the authors speak of “ the 
hygroscopic salts which are the most effective anti-static 
agents. ”, but these lapses are few In general, the 
book can be warmly recommended to all textile physizists 
who can afford to pay the price P S H Henry 
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THE CRIPPLED MIND 


The Biology of Mental Defect 
By Prof L S Penrose Third edition, completely revised 
with the assistance of J M Berg and Helen Lang-Brown 
Pp xxiv+374+8 plates (London Sidgwick and 
Jackson, Ltd , 1963) 428 net 


HIS book 1s a new edition of Penrose’s classic revised. 
by the author and two of his assistants, J M Berg 

and Helen Lang-Brown I+ 1s an excellent book, and gives 
the latest knowledge of this difficult subject 

Forty years ago mental deficiency was regarded as 
more or less an impenetrable mystery Not that many 
felt 1t was worth while spending their time trying to mvesti- 
gate ıt Indeed, ıt was the most disregarded waste-land 
of a neglected aiea of medicme Psychiatry was con- 
sidered unworthy of the orthodox physician’s mterest and 
mental deficiency more or less hopeless from the start 
Imbeciles were herded into vast buildings which were little 
better than prisons, and idiots put nto special hospitals 
where they were merely kept alrve There was practically 
no attempt to understand the condition, and any idea of 
treatment or prevention would have aroused ridicule 

Naturally, the hterature devoted to such a condition 
was on a similar level Text-books were few and devoted 
mamiy to anecdotal cases on which were built theories 
based on conjecture ‘These were copied from one text- 
book to another and dated back to such theorists as 
Lomb10so0 with his celebrated ideas of ‘degeneracy’, which 
was an inherifed state and condemned the sufferer not 
only to a hopeless lıfe but also any-progeny he might have 
to astmular fate Indeed, according to Mott, any children 
of a defective were due to an even worse ond because of his 
theory of ‘anticipation’ which umpled that once the germ 
plasm was damaged it tended to deteriorate more and more 
through the generations Another theory of that time was 
‘blastophoria’, or damage to the germ tissue, put forward 
so enthusiastically by Forel He believed that this damage 
was caused by alcohol and simular poisons, in spite of the 
fact that in many cases there was no particle of evidence 
that the parents had ever used alcohol or suffered from 
any form of poisoning 

These theories became modified by time, and ıt was 
thought that mental defect was due to injury to the brain 
through trauma or infectious disease This was usually 
attributed, since it was possible to detect that the child was 
abnormal at birth, to some intra-uterme condition The 
alternative view was that defect was caused by ‘neuro- 
pathic diathesis’ which was inherited, and was only a more 
scientifically sounding name for Lombroso’s ‘degeneracy 

All these theories were blown away by the patient work 
of Penrose, who produced statistics which shattered them 
In 1933 he published his book, Mental Defect, and suggested 
that the condition was due to a multipheity of causes 
He followed this up with statistical proof ın his Colchester 
Survey for the Medical Research Council m 1938 His 
Buology of Mental Defect, published m 1949 and revised in 
1953, was soon a classic, and the new edition will be 
unchallenged In 16 he reviews the new developments 
The great discovery that such conditions as mongolism 
are due to cytological abnormalities, the commonest being 
the extra chromosome Agam the revelation of the bio- 
chemical factor, phenylketonuria, is likely to lead to other 
advances 

J B S Haldane, who wiites a foreword to the new 
edition, suggests that these discoveries will finally lead to 
the elimination of a quarter of the defectives This 1s 
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true, but the discovery of where to look and the sort of 
advances which can be made will inevitably lead to other 
points of progress 

One can sum up by saying that this excellent book 
should be in the possession of every psychistrist, geneticist 
and research worker interested in mental defect He will 
find m the descriptions valuable ideas, and in the forty-one 
pages of references material for a great deal of future 
work 

The book ıs well bound m dark blue cloth, has clear 
print, and a full mdex CLIFFORD ALLEN 


ARCHÆOLOGY IN THE TRANSVAAL 


Prehistory of the Transvaal 

A Record of Human Activity. By Revil Mason Pp. 
xx1v+498 (257 figures) (Johannesburg Witwatersrand 
University Press, 1962) R 6; 608 , 8 70 dollars 


R MASON’S book 1s unfortunate in that ıb 1s pub- 
lished at a time when inter-disciplinary studies of 
archeological remams are opening up new possibilities of 
understanding prehistoric peoples. The application of 
scientific techniques, such as pollen analysis and raduo- 
carbon dating and the statistical analysis of assemblages 
of artefacts, are together forming a basis for future 
studies of the relationship of man to time and environ- 
ment 
It is, therefore, disconcerting to read that 1n Dr Mason's 
opinion little reiable work has been done ın the Transvaal 
on phenomena which indicate climatic change and that 
prehistoric remains are also not likely to provide an 
accurate reflexion of environment In consequence, 
environment ıs discussed ım terms of a simple territorial 
division for descriptive purposes only Elsewhere, he 
states that ıt seems doubtful if the radiocarbon dates from 
the Transvaal can be accepted and also that geological 
interpretations so far put forward are often unsatisfactory 
It ıs, therefore, apparent that this book does not offer the 
fuller picture of prehistory to which archeologists in 
recent years have become accustomed and that, by and 
large, Dr Mason has not been able to apply in full the 
correctives of available scientific techniques to typological 
hypotheses 
There 1s, however, an analysis of the artefacts from many 
sites in the Transvaal For the most part this 1s a simple 
numerical analysis of defined tool categories In defining 
these categories Dr Mason 1s faced with the dilemma of 
whether to make them so wide that essential differences 
may be obscured or so numerous and narrow that they 
may be ıll defined He has chosen the former alternative 
and on this basis has attempted even an mter-continental 
coraparison between Transvaal sites and two Mousterian 
sites nm France Without geographical lmuitation or 
envuonmental comparison 1t 1s doubtful whether or not 
comparisons based on such a small sample are of value 
Indeed, simple numerical or metrical analyses of tool 
types are not hkely to be regarded ın future as sufficient, ın 
view of the more complex statistical analyses now used m 
Europe and the United States There 1s, however, a body 
of information of use to research workers 
There are, in addition, many drawings and photographs 
of artefacts, some imagmative drawings of life mn the 
Stone Age which may have some popular appeal and which 
have been executed with attention to the known facts, and 
some excellent reproductions of rock art There is a good 
bibhography 
On. the whole the book may appeal more to the layman 
than to the professional archeologist, but Dr Mason’s 
resolute refusal to accept ready-made conclusions drawn 
from evidence which he believes to be madequate or 
wrongly mterpreted ıs of value to African archeology, 
and so are his attempts to solve debatable field problems 
by direct personal action E S Hees 
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La Mesure des Températures au Laboratoire et dans 
l'Industrie 

By M Terny Pp xv+ 320 (241 figures) (Paris Dunod, 

1962 ) NF 48 


HE emphasis m this book 1s much more on the 

mdustrial than on the laboratory problems of tem- 
perature measurement. For example, though the 
interpolation formule used for standard resistance 
thermometers are given, the only thermometers described 
are industrial types with which these formule are not 
normally used Moreover, ıb is umpled that the potentio- 
metric method ıs the only way in which an accuracy of 
0 001°C can be attamed, whereas this method ıs bemg 
steadily displaced by bridge methods im all parts of the 
world. 

The book has much too large a number of errors, ranging 
from typographical slips to definite mis-statements On 
p 11, for example, ıt 1s stated that the maximum difference 
between the International Practical Scale and the thermo- 
dynamic scale up to temperatures of the order of 500° C 
is 001°C In fact, measurements by different workers 
with the gas thermometer at 444 6°C show differences 
ranging from 0-07°C to 010°C We are told that the 
wire method for the determmation of melting-points 18 
used for silver and gold ın practice, ıb 1s used for gold and 
palladium, and ıt would certamly be difficult to use it for 
silver. 

From p 9 one infers that the Internstional Scale dates 
from 1948 (when it was revised) mstead of 1927, though 
the correct date 18 given on p 117, where the lower limit 
of the scale is given as — 190° C. This was in fact true in 
1927, but 1b was soon found that extrapolation below the 
oxygen boiling-pomt was unreliable, and the scale was 
limited to —18297°C at the earhest opportumty On 
p 293 the triple pomt of benzoic acid is mecorrectly given 
as 112 36° C, while the correct value (122 36° C) appears 
on p 110, but 1s ascribed to the meltmg-point 

It is a pity that a book which contains a good deal of 
information that might be useful to the dustrial user of 
temperature-measuring equipment should have so many 
errors (those o1ted here are only a representative sample) 
that one can have little confidence in 1b J. A, HALL 


Chemical Calculations 

An Introduction to the Use of Mathematics in Chemistry 
By Prof Sidney W Benson Pp xn+254 Second 
edition (New York and London John Wiley and Sons 
Ltd , 1963) 23s 


HEMICAL Calculations contams problems covermg 
the Advanced and Scholarship Levels of the General 
Certificate of Education A large number of these are 
realistic and mte:esting; those on atomic and molecular 
dimensions are particularly attractive and are introduced 
early ın the course—a most valuableidea Unfortunately 
they are mixed up with mere arithmetical exercises such as: 
“What is the weight in tons of 120 mg of radium?” 
Chemistry teachers often find ıb necessary to teach sixth 
formers a httle amthmetic, but to do ıt by purchasing 
books like this would prove very expensive 
There are sections dealing with basic mathematical 
techniques such as using indices, logarithms or obtaming 
approximations These are quite unnecessary for pupils 
studying mathematics for Advanced Level examinations, 
and would prove inadequate for the person who needed 
to read them A serious attempt 1s made to help those who 
have difficulty with the notion of proportionahty, which 
after all ıs involved ın most calculations at this level 
The rigorous use of units 18 to be recommended 
The laws and theories of the subject are stated clearly 
and are illustrated by worked examples Laws are often 
derived and the whole appears to progress m a logical 
manner Often the derivations are unsatisfactory and 
there ıs insufficient stress on the experimental nature of 
chemical laws 
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The book seems to fall between two stools On one 
hand ıt ıs a most expensive source of problems, on the 
other ıt 1s a very adequate physical text 

D C Fm 
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Interfacial Phenomena 

By Prof. J T. Davies and Prof. E K Ruideal. Second 
edition Pp xm4 480 (New York Academic Press, 
Inc; London. Academic Press, Inc (London), Ltd, 
1963.) 107s 6d 


HE second edition of this excellent and stimulating 

work has appeared barely two years after the first 
(seo Nature, 193, 408, 1962) this 1s of itself a strikmg 
tribute to its value and importance Changes from the 
first edition are not great, the sections on circulation 
ım moving drops and on wave-damping have been re- 
written, and some corrections and clarifications have been 
made ‘The pagimation is practically the same, except 
for the subject mdex which has been rearranged and 
enlarged In the heading of one chapter, on transport of 
material across interfaces, the word ‘diffusion’ has been 
altered to ‘mass-transfer’ 

The great merit of the book ıs ın its clear and onginal 
presentation of modern developments, not a few of which 
are advances made by Davies The electrical properties 
of interfaces are introduced quite early ın the book: the 
treatment of adsorption at hquid interfaces ıs largely 
original There ıs a very good chapter on chemical 
reactions at imterfaces, a subject very largely due to 
Rideal and those inspired by him Two topics of much 
practical importance, to which Davies himself has con- 
tributed a great deal, are the movement of material 
across interfaces, and surface viscosity and 1ts importance 
im wave-damping All these topics are put mto proper 
perspective against the classical, older parts of surface 
chemustry, which 1s coneisely and adequately given, 
though ın less detail than m some other books 

This book 1s the result of some forty years’ pioneering 
research by the semor author, and about twenty years’ 
by the jumor author 1t1s avery well-considered exposition 
of much of ther work, put mto clear relation with the 
work of many others N. K ADAM 


Five Years’ Work in Librarianship 1956-1960 

Edited by P. H Sewell Pp vwii+559 (London The 
Library Association, 1963) 180s, non-members, 135s, 
members 


IKE its predecessor for the years 1951-55, this 
volume covers developments ın lhbrarianship over 
a period of five years and follows much the same pattern 
It draws to a large extent on sources not readily accessible, 
and m the large section on archives almost entirely on 
material not previously published Moreover, the value 
of this assessment of developments m Britam durmg 
the period derives largely from the standing and ex- 
perience not only of the contributors but of other librarians 
who have read and commented on different chapters. As 
a result, the report ıs an authoritative as well as a com- 
prehensive and concise source of reference on numerous 
subjects, and the value of the information thus made 
accessible ıs enhanced by full references to each chapter 
Besides the section on archives already mentioned, there 
are six others between which there is some, but not 
excessive, overlapping ‘These deal with national and 
academic libraries; special libraries; public lbraries, 
hbrary practice and library service; bibliography and 
documentary reproduction, and the library profession 
and professional organizations In the final section, 
separate chapters are now given to the Library Associa- 
tion, to the Association of Special Libraries and 
Information Bureaux and the International Federation 
for Documentation, and to mternational hbrarianship 
There are also new chapters on public relations and on the 
acquisition and use of periodicals in hbraries 
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HISTORICAL RELATIONS OF SCIENCE AND TECHNOLOGY“ 
By Pror RUPERT HALL 


Department of the History of Science and Technology, Imperial College of Science and Technology, 
University of London 


ie is splendid that a great scientific and technological 
institution, such as the Imperial College of Science 
and Technology, has found room among the many facets 
of its expansion for a branch of historical investigation 
which has been, until lately, too often neglected I am 
happy also to acknowledge the great contributions to 
the study of the history of science which have come from 
our sister College (University College, London) over a 
period of more than forty years, and recently not only 
from the ancient universities m Britain, but from the more 
newly founded ones also In Britain there 1s the nucleus 
at least of a proper professional body, so that the time 
for pleading the cause of history of science, and perhaps 
even. for justifying its study, has already passed. Perhaps 
even ın Britain, as already m the United States, the 
obstacles to the further merease ın the number of unrver- 
sity posts arise less from failure of demand than from 
insufficiency of supply 

The history of technology, however, 18 in little better case 
now than the history of science was half a century ago— 
indeed, ıb ıs rather worse off since 1b cannot even to-day 
produce a scholarly eleven equal to that made up by 
Tannery, Sudhoff, Duhem, Heath and the rest, all at the 
wicket in the years before 1914 Yet societies have been 
formed, specialist journals have been founded, and within 
the walls of the great national museums the work of 
conservation and research goes steadily forward Here m 
Britain—-with such leading figures as H W MDickmson 
and his successors——-the Science Museum, South Kensing- 
ton, has carried almost the whole burden of stimulating 
interest in the history of technology In France the 
Conservatoire Nationale des Arts et Métiers has been 
almost equally pre-emment, and I thmk the situation has 
been much the same in Germany and Italy also, as mdeed 
in the United States until very lately Despite spirited 
efforts to the contrary, this infant subject has not 
flourished m academic thickets, and ın a measure less m 
Britain than elsewhere, perhaps because here (with the 
residua of the Industral Revolution so thick on the 
ground around) the problems of conservation have seemed 
especially pressmg and the tendency towards antiquarian 
enthusiasm pecularly strong Just as Imperial College 
has its Queen’s Tower, so Britam (I suspect) will never 
lack its last devoted tram-road and consecrated slag-heap 
The Flemings have Brueghel we have Lowry Not to 
push the pomt too hard, let me ilummate ıt ın another 
way’ on the Continent and m the United States small 
groups of scholars—altogether, admittedly, a very small 
band of medieval historians, archivists, paleographers 
and so on—have begun to take a constructive interest m 
the crucial, though slow, evolution of techniques which 
occurred m Europe durmg the Middle Ages It 1s perhaps 
strange that the pre-history of Western civilization 18 to 
be reconstructed from Lombard charters or the disputed 
meanings of words of obscure etymology, but so itis It 
would be pleasant to see more British scholars jommng m 
this work, since 1t is necessarily m them province rather 
than that of the engineer or technologist The economic 
historians have already done a good deal, especially for 
modern. times, but the particular alliance of interests and 
skills I am thinking of has scarcely yet occurred in Britain. 

Perhaps I should try to explam why this kind of 
investigation mto medieval technology (or one might as 


* Substance of the Inaugural Lecture delivered at the Imperial College of 
Science and Technology on November 19 (Nature, 196, 319, 1962) 


well say any technology which prevailed much before 
1850) seems to me significant It might be condemned 
by applymg to ıt any of those pejorative epithets which 
are attached to activities neither obviously utibtarian 
nor flattermg to the speaker’s particular tastes dull, 
esoteric, academic and so forth. Yet I think that ıt 1s 
broadly agreed that universities should provide something 
more than courses in survival, if life-jackets are to be 
the only wear and the only music that of the alarm-bell, 
then we should indeed end all frrvohties That was the 
attitude of the medieval university But I presuppose a 
society which has leisure, surplus production, and free 
intellectual energy in such a society, 1b seems to me, at 
least the naive question, ‘How did thmgs come to be as 
they are ?” 18 natural, widespread, and of general interest 
among men It is answered in a variety of ways, including 
the mythical, the pootic, and the rehgious scrupulous 
historical enquiry 1s that way which most closely re- 
sembles the scientific exploration of the natural world It 
18 difference ın logical structure, not (as 1s commonly sup- 
posed) difference in the methods used for the establish- 
ment of facts, which causes the expression of historical 
enquiry to be distinct from the expression of scientific 
enquiry, ıt 18 this (for example) that renders the dis- 
cussion of historical ‘laws’ very different from that of 
scientific laws But this contrast 1s one which I need not 
pursue 

Perhaps ıt ıs still worth emphasizmg agam that, if 
necessity 18 the mother of mvention: and altruism its 
maternal aunt, nevertheless the social conscience by itself 
has not proved a powerful spur to creative innovation. 
Pity may impel a man into medicine or mspire a human- 
taran mvention, but m general the creative faculty has 
been, so to speak, more highly mtroverted than extro- 
verted Whatever may be the case now—and I do not 
really belove ıt to be different—certamly ın the past the 
feelings in this respect of a literary mvestigator were not 
very different from those of a scientific research worker 
You may recall G H Hardy’s observation that “A 
physiologist may mdeed be glad to remember that hus 
work will benefit mankind, but the motrves which provide 
the force and inspiration for ıb are mdistinguishable 
from those of a classical scholar or a mathematician” 
To which I would add, ‘or a historian” and I would 
further say that (settmg aside the direct usefulness of 
applied science) Hardy’s pomt can be extended to the 
appreciation of the work of physiologists and classical 
scholars, mathematicians and historians That ıs, the 
ultimate private intellectual satisfactions—disregarding 
altruism, which of course has no necessary nexus with 
the imtellect at all—have profound common qualities, 
for the intellectual satisfaction of understandmg some- 
thing, of having mtellectual command over somothing, 18 
much the same whether the thing be differential equations, 
or the Romantic Movement, or Norman feudalism I 
take ıt to be in part the object of hfe (after the needs of 
survival have been met) to enlarge and enrich m a kind 
of Benthamite calculus the sum of intellectual satisfac- 
tions, and this has traditionally been considered a major 
function. of education I have no wish to mvolve myself 
m & discussion of the philosophy of education, and so I 
shall sumply assume that the traditional view is a just 
one, and rf ıt is, then I thmk ıt follows that an mterest. 
m our past, m all its manifold aspects, 18 proper and 
deserving of encouragement 
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To be more specific, and to return to my pomt about 
medieval technology, its fascmation 1s that of potentiality. 
It is possible—though I do not think this has yet been 
proved-—that we can push back to a very early stage in 
the evolution of European society after the collapse of 
the Roman Empure (which was a Mediterranean erviliza- 
tion) those changes m both the quality and quantity of 
technological mnovation that were to prove decisive 
notably, of course, the effective use of power It i8 a 
question of discerning whether a growth-curve 1s lnear 
or exponential If early medieval technological develop- 
ment possessed only linear characteristics 1t 18 not terribly 
exciting If ıb possessed an exponential quahty as the 
origm of the curve that was to shoot almost vertically 
upwards ın the nineteenth centwy, then the technology 
of the early Middle Ages truly contams the historical 
mainspring of our own world, and the origin of the 
challengmg events of our own time 

The history of technology, lke the history of science, 
18 & study so multifarious m its demands that the pro- 
portion. of scholarly to technical or scientific content 18 
almost infinitely variable I have just mentioned an area 
where the scholarly skills are much m demand, but 
modern scientific and technical knowledge less so For 
in, historical studies of the period before the past two 
centuries the ‘language barrier’ 1s as umportant as the 
‘mathematics barrie’ m modern education Not to 
mention the most ancient languages ın which the begn- 
nings of all civilization are shrouded, nor the languages 
through which alone the oriental civilizations may be 
reached, nor Greek, there 1s the obstacle of Latin The 
Roman tongue, of course, was never nearly so important, 
intellectually speaking, as 16 became after Latin had 
ceased to be a hving language The last major scientific 
contribution to be described in Latin which springs 
readily to mind is that of Karl Ernst von Baer, the dis- 
covery of the mammalan ovum, announced m 1827 
There may be others of later date yet, and Latin certainly 
remains, to-day, a feeble vehicle of scholarly communica- 
tion In spite of the rmmense volume of translation mto 
English and other modern vernaculars, he who 1s ignorant 
of Latin must still see the thought of the past darkly 
and partially only the Babel of the past two hundred 
years 18 accessible to him ‘This is the result of that 
eclipse of Latın as a universal language which the seven- 
teenth century lamented and the growth of science, I 
fear, accelerated When the first History of the Royal 
Society, compiled by Thomas Sprat seven years after its 
foundation, was presented to Cardinal Leopold der Medici 
in Florence, he complained (as did nearly all Continental 
scholars) because 16 was prmted ın English, to hm a 
barbarous and unknown tongue But there was a ready 
retort to hand Leopold himself had permitted the Saggs 
dı Naturale Esperienze of his own Accademia del Cumento 
to go abroad m Italian only a few months before As 
with us all, so with the French too they dishked the 
pubheation of the Philosophical Transacteons nm English, 
but they themselves, in therr new Royal Academy of 
Science, adopted the vernacular 

The story of the first phase m the battle between man 
and Nature, of course, 1s not recorded m language at all, 
the archeologists, with all the force of the scientific aids 
they can muster, must reconstruct ıt for us The story 
of the second phase 1s dommated Imguistically by Latin, 
and operationally by the techniques of historical scholar- 
ship. The transition from the end of the second phase 
into the beginning of the third, long as two or three 
hundred, years seem to us, has been bref on this historical 
time-scale Since we ourselves have but just now em- 
barked as protagonists on phase three ıt 1s impossible to 
say how ts history will be related We can only hope 
that the archeological methods used for tho first phase 
may prove unnecessary, as we may guess that the 
scholarly ones used for the second phase will seem in- 
appropriate For those terrifymg statistics about the 
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90 per cent of all scientists being those now hvg, and 
so forth, will render that virtually certam 

Historians of science and technology have so far been 
chiefly concerned with the second phase, and with the 
earher part of the transition period signalized by the 
‘scientific revolution’ of the seventeenth century The 
latter stages of this transition in the nmeteenth century 
and the ‘scientific 1evolution’ in Sir Charles Snow’s sense 
Gntioduemg the third phase in the twentieth century) 
they have so far done little to explore It 1s easy to see 
why when we reflect that the kind of problem which has 
interested such historians mto very recent times was 
actually determmed about the end of the nmeteenth 
and the opening of the present century I do not mean 
that there has not been great change m methods and 
ideas, and that m detail the modern academic conspectus 
of the lustory of scienco 1s not altogether different from 
that prevaibng about 1890 but the overall shape 1s 
much the same, and indeed what we are doing now is 
bult on what was done then, and that m turn was 
conditioned, I believe, by late-Victorian optimism and 
security, m the world of the sold atom, the steam-engine 
and, (curiously enough) the horse 

Although Wells and a few others foresaw the cata- 
strophic potentialities latent in scientific and technological 
development, historians took a complacently progressive 
view Despite episodic retrogressions, sometimes lasting 
for centuries, the course of human history m the West 
seemed to show neither a Fall from a Golden Age (as 
men had once supposed), nor that stagnation which was 
attributed to the oriental empires, but, by and large, a 
steady mcrease m verifiable (or positive) knowledge, and 
constant enlargement of man’s dominion over his environ- 
ment What the seventeenth century had aspired to, 
through the mouth of Bacon and others, the late nme- 
teenth century European had at last secured Not a few 
scientists of stature proclaimed that no more momentous 
discoveries were to be expected, historians on the whole 
concurred in regardmg the views of their own times as 
the truths to which ther predecessors had approximated 
It 18 needless to say that the same anticataclysmie attitude 
prevailed m the study of the history of technology the 
steam-turbine was simply a wonderfully more efficient 
Watt engine as the Watt engine in its time had been a 
wonderfully more efficient horse No one—or very few— 
who admired the work of Parsons and Edison and the 
rest regarded even the social forms of thew own society 
as bemg under severe pressure 

All that has been changed Speculation about what 
was progress and what was retrogression has been over- 
whelmed by the fact of change The secure world of the 
Victorian historian has disappeared He could tolerate-— 
though I do not think he quite understood—the swiftness 
of scientific evolution in the seventeenth century because 
it could be accommodated the notions of Aristotle, 
Ptolemy and Galen were ‘wrong’, and the contradictory 
notions of Galileo, Copernicus and Harvey were ‘right’ 
With false truths dethroned, the enthronement of truth 
occurred once for all But ıb was mumpossible to repeat 
this—or at least ıt became very repugnant to repeat 
this—when it became a question of declarmg that Gahleo 
and Newton were wrong because Planck and Eimstein 
were right For to admit this was to destroy the con- 
ception, of truth’s progressive revelation and the idea of 
complete developmental consistency 

As my friend Tom. Kuhn * has considered this matter of 
small jumps and big leaps in the history of ideas, I need 
not pursue it further I want to pomt out that there are 
now a few people—a very few—who are getting to grips 
with the start of the third phase, at least so far as pure 
science 18 concerned This means tackling, very directly, 
this problem of intellectual quantum-jumps on one hand 
and ther immense cultural repercussions on the other 
For technology the begmning has still to be made, and 

* Kuhn, T 8 , The Shiucture of Screntyic Revolutions (Chicago, 1962) 
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should be made while change is still vivid ın the mmds 
of many men I think it mmportant that the begmnings 
made, or to be made, should be expanded by many 
wulmng hands, for exactly the same reason that I beheve 
political or social historians should mterpret for us not 
only the fall of Troy or the wool-trade of medieval Eng- 
land, but also the events that middle-aged people lke 
myself never properly understood and have already half- 
forgotten I hope somethmg of that will be done in 
Imperial College, itself a product of the nascent third 
phase in the natural history of man 

But I must confess that, as an ingraaned historian of 
the great tiansition, the story of this present scientific 
revolution 1s beyond me and I must leave it to younger 
men I have found some meursions into the first scientific 
revolution, that of the seventeenth century, sufficiently 
absorbmg and complex Iam not sure that on the purely 
intellectual plane (leaving aside the impact of science on 
technology and hence on society) there are not significant 
parallels between them For example, the Pascal syn- 
drome—the reluctance to depart fiom an ordered, familiar 
world of the intellect to one that appears inchoate and 
strange—was apparent after Copernicus as after Emstem 
The shift from macrophysical modes of explanation to 
microphysical ones was a feature of the seventeenth 
century as of the twentieth The assertion that a new 
science demanded a new philosophy was common to both, 
and so on not least, there ıs to-day a revival of that 
appeal to a technological social conscience which was a 
marked feature of the seventeenth century I hope this 
evokes no absurd notion of ‘history repeating itself’. 
nothing ıs further from my mind, what I mean to m- 
dicate is sunply that the kind of mtellectual gear-changing 
which was so constructive (and destructive!) three hundred 
years ago has analogies of form—not of content—with 
what has happened more recently Certamly—as I have 
already hmted—I beheve the twentieth century revolu- 
tion to be enormously helpful ın understanding the 
seventeenth 

In this earher period my own chief interests have lain 
I had the advantage of setting to work under one of the 
finest Enghsh historians of that period, Sir George Clark, 
investigating the then quasi-mathematical science of 
ballistics and the interesting case of interaction between 
theory and craft that rts early development presents I 
was seeking to vindicate neither the contention that the 
scientific revolution was the result of a drive for technical 
mastery, nor the opposed opinion that science 18 purely 
an. intellectual game for scientists, the more beautiful as 
it is the more useless, this rivalry of argument was not 
my maim concern Nevertheless, I learned something 
about this debate (to which I have again returned quite 
recently), which was a matter of warm concern until 
about twenty years ago, but has died down since Other 
issues have come to the forefront, mghtly so, I think, 
because the attempt to assess the relations of science 
and technology ın the seventeenth century on the basis 
of a still madequate examination of the ward history 
of both the sciences and the techniques was necessarily 
plemature 

Historians are allowed, and indeed encouraged, to be a 
good deal less strict in their allegiance to one type of 
enquiry than scientists I have 1anged fairly widely in 
the matters I have looked into here and there over the 
whole period from the early sixteenth to the early 
eighteenth century, with a fairly strong concentration on 
the English scientists associated with the first years of the 
Royal Socety May I just say here how generous the 
officers of that venerable institution are to all who delve 
into their superb collections of books and manuscripts ? 
My wife and I together have done a fair amount of work 
on the greatest of all that group, Isaac Newton, who 18 at 
last recerving the attention he deserves, rather than the 
praise which was much easier to give, and yet—af I may 
digress again—ait 18 astonishing how little national pride 
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we seem to have ın the Enghshmen who belong to all 
humanity except, apparently, to their fellow-countrymen 

Perhaps I can agam illustrate what all this is about by 
dwelling on Newtoman studies for a moment Into 
Laplace’s time, + 1800, Newton’s was still @ hving 
influence much (one might say, because time moves 
faster now) as Bohr’s 1s with us His printed works, but 
little more, were piously collected m one edition by 
Bishop Horsley a decent half-century or so after Newton’s 
death—a Latın edition, of course Although the Ber- 
nowllis, and Leibniz, and Euler, not to say Laplace him- 
self, had found some protty weak spots in the Newtonian 
fabric, ıt was only the work of Young and Fresnel in 
optics that really upset a major piece of Newton’s 
scientific work This fact won general recognition at a 
time when there was, for other reasons, a rather wide 
interest in the process by which the tremendous changes 
in thought between (say) Leonardo’s day and Newton’s 
had been brought about Some people, beheving that 
early nineteenth-century science had lost this pristine 
vigour, sought to discover its origms Natwally, Newton 
was a focus of renewed, critical interest How had he 
been able to do so much? What was the history of lus 
discoveries, and the nature of his thought? For what- 
ever Wordsworth might say, Newton accompanied 18 
much more interesting than Newton alone One result 
was the best of our early scientific biographies, Sir David 
Brewster’s life of Newton—an important source-book 
even to-day 

There, essentially, the matter rested until our own 
tıme Brewster, with Edleston, Rigaud, and De Morgan, 
had done much to make Newton a human and intolligible 
figure, neither a god nor a computor But they had 
scarcely scratched the surface of the mystery of intel- 
lectual power, of which Newton 1s a supreme and, as it 
happens, a well-documented example Brewster had 
been privileged to dip into that great mass of Newton’s 
personal papers which had passed through the husband 
of his niece to the noble family of Portsmouth By a 
generous gift, the then Earl presented the scientific 
portion of the Portsmouth Collection to the University 
of Cambridge m 1872 A Cambridge mathematician and 
historian of mathematies, W W. Rouse Ball, was the 
first to make use of this open treasure in a little book 
that 1s still valuable, after that, I regret to say, ıt was 
almost totally neglected until some twenty-five years 
ago For long no writers on Newton attempted to go 
beyond his works and other printed sources Unfor- 
tunately, just as this position was about to change—and 
the event indeed stimulated the change—that part of the 
Portsmouth Collection which the family had retamed was 
put up for sale by auction and dispersed ‘That was m 
1936 Only the energetic personal action of Lord Keynes 
prevented a complete tragedy by securmg much for 
Newton’s University The loss was the greater because 
the dispersed papers, though mdeed containing little 
enough relating mmediately to Newton’s achievements in 
science and mathematics were capable of throwing much 
light on his mmd and thought Fragments m Newton’s 
hand now command high prices on the open market, and 
they will never again be reassembled for study 

Meanwhile the mtact portion of Newton’s documentary 
legacy preserved at Cambridge has been subjected in the 
past few years to very mtensrve examination ıb has 
proved full of riches We can now know Newton’s thoughts 
more intimately than any of us contemporaries knew 
them, and discern his personality with a clarity obscured 
by the rival partisanships of his friends and enemies We 
can see, as those could not for whom Newton was a 
muracle, more precisely what he owed to the giants on 
whose shoulders he stood, and how his own thought was 
interwoven with that of his age We can see, too, and 
perhaps most fascmating of all, a good deal of the develop- 
ment of Newton as a scientist from his very early twenties. 
as a student, to his last défences against the ghost of 
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Leibmz There are still many gaps and problems, but it 
is possible to begin to reconstruct—as only study of 
copious and intimate manuscript material permits a 
historian to reconstiuct—the movement of Newton’s 
mind from his reading in Galileo, Descartes, Boyle and 
so on to the biillant but partial truths of 1665-66 when 
he was “In the prime of his age for invention” and so to 
the full maturity of his major writings 

What is the hustorian after m dealing with such 
materials, both printed and manuscript ? Certainly not 
just the human story of a life, fascmating though this 
may often prove to be In the first place, he is after 
information, at this level he can share the satisfaction of 
a biologist in the discovery of a new species or that of a 
chemist in recognizing the intermediate steps in & reaction, 
the more information the more complete the picture, and 
the greater the verifiabulity of interpretation But, above 
all, the historian of science and technology, like the 
research scientist, seeks for order or logic among the facts 
He seoks to frame an intellectual scheme which 1s equiva- 
lent to, but less formal than, a theory ın science The 
object of such a scheme is to reduce apparent paradox, 
to show that the seemingly incompatible ıs compatible, 
and to relate the previously disparate. What did Newton 
mean by condemning hypotheses, when he himself made 
statements that he qualified as hypotheses ? How could 
Newtonian space be a vacuum and yet action at a distance 
be a manifest absurdity ? How did Newton come to be 
the author of both the Principia and the Observations on 
the Prophecies of Daniel and John’? This is the kind of 
question that ummediately suggests itself Clearly the 
perfect scheme resolving these and other problems must 
be logically consistent, all-melusive, and sequentially 
exact, 1t will remove out of the arbitrary realm and mto 
the pattern of order what Newton pronounced here, the 
error he committed there The essence of pattern, of 
course, 18 that ıt extends this side and that in space, or 
forwards and backwards ın time; if it 1s true, as Karl 
Popper has taught, that explanation and prediction are 
logically equivalent, then porhaps I may add that one 
has a sense of historical understanding—the desideratum 
of historical enquiry—precisely when one achieves this 
Janus-hke umty of the forward and backward view 
That is, when we take our stand (say) at the year 1680 
and see, on one hand, Newton’s early thoughts as en- 
tailing his future achevements, and on the other these 
great achievements as no less accounted for by his early 
intellectual development 

No doubt history will never attam such perfection— 
not for Newton, nor for Galileo, nor Lavoisier, nor Darwm, 
to mention only a few of the giants mtensively oxammed 
in recent times, and perhaps I seem to be expressing 
too personalist a view of history I confess that to mo it 
does seem that m the history of science and technology 
the history of men and their activities must figure largely 
the anonymous idea yielded by ə fictitious ‘spirit of the 
age’ ıs pretty much an excuse for madequate research 
One can usually find someone who pushed ıt Of course, 
the man whose idea enthralls posterity may, like Mendel, 
have seemed dim to his contemporaries (though this 1s 
rare enough), but ıt 1s broadly true that to trace an idea, 
an experiment or a technique one must discover and 
comprehend the relevant mdividuals 

There ıs, however, another side to this com The fate 
of ideas and methods is no less interesting than ther 
early evolution Hence xt ıs structive to put the giants 
in their local settings to discover the significance of 
Newton’s philosophical naivety as Leibniz saw 1t, or how 
it was that Johann Bernoull: could accuse Newton of not 
knowing how to take a second differential This 1s & type 
of case that 1s especially mteresting just because one 
cannot simply say that men lke Leibniz or Bernowll: 
were unable to adjust their conservative habits of thought 
to Newton’s newer views—as we might at first feel m- 
clmed to say of Priestley and Cavendish with respect to 
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Lavoisier—because ıt was rather the case that, to his 
opponents, it was Newton who was insufficiently avant- 
garde ‘This ıs the sort of situation which forces one to 
look particularly closely at both the historical and the 
logical relationships between ideas 

Gravitation furnishes but one example of the con- 
frontation of an idea and a universally prevailimg con- 
viction it would be easy to instance others I should 
emphasize that m such confrontations the prevailing 
conviction 1s not just an opmion, however dignified—hke 
one’s preference, say, for neo-Georgian as agamst Bau- 
haus, or Bartok against Beethoven—but & psychological 
rock Max Planck said that opponents of scientific 
innovation were never converted they merely died For 
Darwin, acknowledging his behef m evolution was lke 
confessing a murder So much of one’s intellectual mako- 
up, one’s ego, can be involved m the falsehood of one 
idea, or the rectitude of another 

In @ sense we may call this a social phenomenon, for 1b 
18 the community through rts educational system, its 
religion, and other more subtle mfluences that conditions 
the degree of flexibihty or rigidity that governs a given 
area, of scientific discussion, and moulds attitudes towards 
it By ‘community’ I mean here essentially the scientific 
community, though one would sometimes need to take 
the word m the widest sense, too So that uf one side of 
the historical com is the genetic evolution of scientific 
ideas, as I have already mentioned, this other side involves 
the sounding and surveymg of the scientifie community 
to see what sort of a culture it 1s m which the ferment 
of new ideas works Perhaps I may just mention the 
activity which we are pursuing here at this level, namely, 
the editmg of the correspondence of Henry Oldenburg, 
the active secretary of the Royal Society from its ongins 
in 1660 until his death ın 1677 Oldenburg was in touch 
with an immensely wide range of correspondents from 
the most sophisticated scientists lke Newton or Malpigh 
to bucolic doctors and rural deans In this great collection 
of letters one can see not only how science lived from day to 
day and year to year, but also who the men were by whose 
efforts science lived Here, too, as m the study of such a 
giant as Newton, through his manuscripts, 1t seems to 
me that the adequacy of the whole picture depends on 
the sharpness of microscopic mages We hope that 
when our work on Oldenburg 1s finished we shall have 
done something to merease the resolution of our picture 
of the early Royal Society m action, of the relations 
between British and Contmental science, and of the 
scientific movement m Britam But I do not wish to 
dwell on this so much as to direct attention to the even 
greater relevance of this kind of treatment to the early 
progress of technology 

It 18 easy to overlook the smallness of the scientific 
community in the past In seventeenth-century England 
the average number of men elected m each year to the 
College of Physicians was five or six; one more physician 
on the average took a degree abroad each year. Thus the 
number of men hving in and about London with a keen, 
active interest ın the medical sciences can never have 
been much more than a score, a number so small that 
each could be mtimately acquamted with the others It 
is doubtful whether, in Newton’s day, the number of 
competent mathematicians m the whole country was so 
large as that, and certainly there were not half as many 
capable astronomers I am conscious of the relatively 
large numbers of amateurs and of those who (lke 
opticians or distillers) practised empirical science m a 
commercial way yet, un fact, the average number of 
elections to the Royal Society before 1700 (neglecting 
the 115 original Fellows) was only about ten, and so on 
That means that the impact of any question of abstract 
science on a human bram was exceptionally mfrequent 
—it could only happen to, say, one individual in a hundred 
thousand It 1s therefore easy for the historian to know 
this tiny fraction of the population quite mtimately— 
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better than one can know, say, the composition of the 
contemporary House of Commons But ın the history of 
technology the situation 1s very different, the proportion 
of human bemgs who have been very well acquainted 
with hand-muls and ploughs and textile- and horse-gear 
has always been very large indeed, until the last 
century or so in the West Very few of these ever effected 
the shghtest variation ın any technique but the poten- 
tiality for effecting a variation was virtually universal 
It 1s only when the use of relatively uncommon machines 
or techniques ıs mtroduced that the potentiahty for 
innovation becomes restricted Moreover, we have not 
much reason to believe that m the early stages, at any 
rate, learnmg or lteracy had anything to do with it, 
on the contrary, 1b seems likely that virtually all the basic 
techniques of civilization up to a couple of hundred years 
ago were the work of men as uneducated as they are 
anonymous. Moreover, while ıt ıs one thing to exaraine, 
say, the reaction of a small group of medical men to the 
notion of the blood’s circulation, 1t 18 quite a different 
thing to investigate the attitude of a whole population 
to a new plough, or a new mulitary technique, on which, 
nevertheless, 1ts economic or political survival may 
depend Hence, to choose yet another example from our 
own. continent, 1b 18 often difficult to determine whether 
delay ın change ıs due to ignorance or inertia Were 
the Saxons defeated at Hastings because they just had 
no knowledge of the new contimental ways of fighting, or 
because they had obstinately refused to practise thom ? 
Without wishing to be utilrtarian, 1t 1s obvious that dis- 
cussion of this kind of issue 1s by no means lackmg in 
contemporary relevance we certainly do not know much 
about the factors that cause a society either to make 
good use of its technical potential or to neglect ıt History 
cannot solve such problems as these, but ıt can make us 
better mformed 

I shall conclude with a question ‘“‘What 1s the role of 
historical studies in a scientific and technological college ?”’ 
The Robbins Report expresses the opmion that such 
colleges should develop “related subjects such as social 
studies, operational research and statistics on & Ssig- 
nificant scale, and languages will be needed at least as 
auxiliary subjects” The Report does not firmly pro- 
nounce on the much-debated question of recent years, 
whether or not steps should be taken to break down the 
segregation between arts and sciences that 1s so typical 
of first-degree work in British universities as 1t 1s un- 
typical in the United States Nevertheless, its view is 
warmly ın favour of greater educational breadth than we 
now have, and it specifically mentions history of science 
ag an-appropriate combming subject Again, I avoid 
deliberately opening that issue, though perhaps I may 
state my personal view that early specialization either 
way is indeed productive of imtellectual stenlty I 
remember a good many natural science students from 
Cambridge days who found history and philosophy of 
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science a relief from memory-loadmg, and for whom dis- 
cussion of ideas was a revolutionary experience The 
sheer expansion of numbers now approved will itself 
enforce a change in methods of teaching—in the schools 
as woll as in the colleges—and a slowing down of the 
tempo The alpha-plus student, given books, can virtually 
teach hunself or herself any subject, large numbers will 
demand the meticulously worked-out, mghly-organized 
and very thorough course-work that 1s commonplace 
m the United States but not m Britam—at any rate, ıb 
was not a few years ago No one dare predict, but ıb 18 
on the cards that when this happens the pair of contra- 
dictory arguments one has so often heard—according to 
which students of science (1) acquire culture by osmosis 
and (2) have no time for anythmg but science—will dis- 
appear at the same moment 

In any event, what may happen here in the future will 
be governed by future discussion Will Imperial College, 
hke the Massachusetts Institute of Technology, develop 
its department of humanities ? Experience ın the United 
States has shown that attempts to force culture on those 
who are straightforwardly eager to secure a professional 
qualification and embark on practice are not very suc- 
cessful For my part, Imowmg my own limitations, I 
make no pretence of bemg a cultural physician, and I 
boast no desire to serve as the spoon that administers 
some unwelcome dose As for bridge-bwilding, I would 
rather leave that to the civilengineers On the other hand, 
I believe history of science, and history of technology 
and, philosophy, too, have a large role waiting for them 
in the more hberal scheme of British education that I 
hope will come, and at all levels, ın schools, ın under- 
graduate work, and in postgraduate study History, 
whether of science or of mdustry, seems to me lke the 
history of pohtics, of society or of hterature, part of our 
common culture Newton, Tolstoy, Renoir, Beethoven, 
Gauss, whatever one’s profession or one’s tastes, one 
should not greet any one of these names with a blank 
stare of vacuity Ideally, history of science at the unrver- 
sity should find its natural and leading place in a general 
pattern of education that is bifocal rather than one-eyed, 
as one among & number of elective subjects for study I 
think the Americans have something there At the present 
time, however, ıt will be the chef task of the new Depart- 
ment ın Imperial College to reinforce others ın traiming 
those who, ın various capacities, can promote this liberal- 
ization m education. Many here, as everyone knows, 
have long been striving towards the same end May I 
say that we look forward to close co-operation ? Wherever 
we can play a part in the life and activities of the College 
that 1s not directly devoted to pre-stressed concrete, 
catalytic crackers, or electron multiplers, I hope we may 
be able to do so But, lke children, we would rather be 
heard as well as seen, for, ın the immortal words of Arch- 
deacon Spooner “It’s beery work preaching to empty 
wenches”’ 


SCIENTIFIC, TECHNOLOGICAL AND TECHNICAL MANPOWER* 
By Sr WILLIS JACKSON, F.R.S. 


Department of Electrical Engineering, Imperial College of Science and Technology, University of London 


N his recent presidential address (‘‘Investment in Man’’) 
I to the British Association for the Advancement of 
Science (Nature, 199, 877, 1963), Sir Eric Ashby, followmg 
Sir John Cockroft’s preceding presidential address on 
‘Investment ın Science’, said “The pre-requisites for 
investment ın science are, first, scientists, and, second, a 


* Substance of the tenth Fawley Lecture delivered in the University of 
Southampton on November 21 


public opinion sufficiently well-informed and enhghtened 
to give financial support to scientists Both these pre- 
requisites are acquired through education ‘To mvest m 
science you must first invest in man” 

I wish to develop a variation or extension of this theme 
It 1s that, generally speaking, the impact of science on the 
life of the community, and in particular on its economy, 1s 
not a direct one but comes from the technological exploita- 
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tion of 1ts results Unless, therefore, we are strong m our 
technology, which requires that this need is recogmzed 
throughout the community, there 1s a danger that the 
economy may fail to provide for expanded scientific pursuit 
the increasingly expensive facilities and resources which 
this pursuit nowadays demands 

A recent report by a committee of the Institute of 
Physics and the Physical Society entitled “Problems 
facing the University Physics Departments” details in an 
extremely convincing manner the needs of these 
departments if they are to meet their increasing teaching 
obligations satisfactorily and to remain m the forefront 
of international research m physics 

I have no wish to argue against the claims put forward 
in this report ın relation to what is good for physics 
Indeed, I am very sympathetically inclined towards them 
because, as an electrical engineer, I have good reason to be 
consolous of, and grateful for, the periodic stimulation of 
progress ın my branch of technology which has come 
from fundamental] work and discovery ın physics More- 
over, I am in no doubt that outstanding physicists, and 
those who show promise of becoming such, must be free 
to follow the directions which their scientific curiosity 
dictates without any necessary direct concern for the 
possible technological significance of the results of their 
work ‘This freedom has been a well-safeguarded character- 
istic of university science m Britam, and I hope ıt will 
remain so It can be tampered with only at rsk to the 
seed-bed from which ımportant contributions to the future 
progress of technology will spring It follows also that 
these outstanding scientists must, so far as 1s practicable, 
be provided with the most up-to-date tools of investiga- 
tion, and with adequate supporting assistance and 
technical staff, 1f they mndividually—and through them the 
country—are to remain in the forefront of scientific 
endeavour and achievement 

But physics is only one branch of science Other 
branches could, and some already have, put forward 
similar claims for much expanded support, and I, as a 
comparative outsider, cannot but be umpressed by the 
pertinency of such remarks as those of the Editor of 
the Times Educational Supplement who commented on the 
aforementioned report ‘‘The money that is just enough 
to make a significant difference to physical research 
would finance the whole of the national effort in biology” 
To which I am melined to add-—may not biology bear the 
same relationship to the next major technology as physics 
does to several present ones, and may not our neglect of 
ac human sciences be the most serious unbalance of 
all ? 

Acceptance of the unpredictability mherent ın scientific 
pursuit, and of the necessity to mamtam the freedom of 
enquiry which has been the traditional prerogative of 
basic science, affords no escape from such questions as 
Have we yet devised an effective means of making overall 
assessments of, and judgments on, the claims of the 
various branches of pure basic science 7*, Have we yet 
established satisfactory arrangements for the distribution 
of the available funds for this basic work ?, Are we 
anywhere near knowmg on what criteria to decide how 
much of our national resources must be made available 
for its pursuit ? 

It is not my intention here to seek answers to these 
questions They are matched, of course, by a number of 
related questions concerned with objective basic research * 
and applied research”, questions which are perhaps more 
difficult to resolve So far, decisions ın these fields have 
been taken within the respective spheres of the establish- 
ment of the Government and public services and of 
industiy, without significant co-ordination m the national 


* The Zuckerman Committee on the Management and Control of Research 
and Development defined these categories of research as follows Pure basic, 
research carried out for the sole purpose of increasing scientific knowledge, 
Objective basic, research stimulated primarily bv some practical need m a 
field of potential application, Applied, research differing from objective basic 
n whiri speed and the interests of the ultimate user come prominently mto 
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sensé It will not be easy to find, and many will no doubt 
argue that it is neither necessary nor desirable to find, a 
more effective alternative way of dealmg with these 
problems 

Nevertholess, the hoped-for devotion of increasing funds 
from central sources to research would seem to lead 
mevitably to a need for a clearer concept and formulation 
of national scientific policy, and for more co-ordmated 
means for its implementation 

My justification for raising these issues 1s to make the 
point that the moneys available for devotion to research 
for future purposes, either from the central funds of 
Government or from the resources of individual mdustrial 
concerns, are dependent on the effectiveness with which 
the results of research already completed are translated 
mto goods which can be sold internationally agaist 
mcreasingly severe competition 

This raises a whole range of further questions concerning 
the factors which affect productivity and economic 
growth, now under consideration by the National 
Economic Development Council Not all these factors are, 
of course of a scientific or technical character, as these 
terms are normally understood—imdeed, those which are 
most difficult to understand and resolve are certainly not 
But they seem to me to lead equally mevitably to the 
need for a clearer concept of scientific policy as an mtegral 
part of economic policy As put by © E Carter’ “If we 
do not have an economic policy about the distribution of 
scientific resources, we are unlikely to have any policy at 
all A starting point for scientific policy 1s the examin- 
ation of what we know about the pattern of exports ten to 
twenty years ahead At many pomts there will be a 
temptation to suppose that the problem of the distribu- 
tion of scientific effort ıs too difficult, complex and vague 
to be solved Yet a few tentative moves towards 
rationality may be better than leaving the disposal of a 
valuable resource to random and undirected influences”. 

Since research can have military,’social and political, 
as well as economic, consequences, scientific policy 18 
becoming more and more an integral part of national, if 
not of mternational, policy in the widest sense In varying 
degrees the scientist, technologist, economist, sociologist, 
employer, Trade Union official, legislator and political 
leader all find themselves involved imcreasingly ın the 
consideration of-—if not ın the taking of decisions on—the 
role which scientific research and technological develop- 
ment must occupy m national affairs, the resources 
which should be devoted to them, and how these resources 
should be allocated and balanced ın the light of overall 
national policy 

All this leads to the need for a clearer concept of man- 
power policy involving, for my present purposes, assess- 
ments and judgments on the likely future requirements of 
the community for the varied kinds of scientific, techno- 
logical and technical manpower, and on the means by 
which these requirements are to be satisfied 

I do not pretend that there ıs anything new or novel 
about the preceding Nor do I wish to appear unawaie 
or inappreciative of the prolonged and careful attention 
which has been given to different aspects of the complex 
and difficult problems I have touched on by the responsible 
authorities, and by committees specially appomted by 
them for this purpose But ıt 1s surely nght to say that 
we, and most, if not all, other countries, are still at a very 
early stage of our systematic consideration of the mter- 
relationships between these various facets of national 
policy We do not yet know how to plan and implement 
deliberate changes ın one sphere ın appropriate scale and 
tıme relative to changes ın others, so that the evolving 
needs of the overall situation—so far as we can reasonably 
hope to foresee them—can be most satisfactorily met 
Much hard thinkmg, study and experiment will be required 
before the largely empirical procedures which have 
been adopted so far can be much improved on Each 
country will no doubt evolve its own characteristic 
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approach depending on its national traditions, atttudes, 
resources, forms of existing institutions, ete This 
diversity affords a fascmating starting point and oppor- 
tunity for mternational co-operation m the resolution of 
problems which become mecreasmgly matters of joint 
concern 

I must now seek to justify this extremely general, 
perhaps rather diffuse and impractical, mtroduction by 
1elating to it some problems of scientific, technological 
and technical manpower which seem to me to give cause 
for concern The periodic reports of the Commitee on 
Scientific Manpower published over the past seventeen 
years or so have made a very ımportant contribution to 
clarifymg the national situation in this respect by aggregat- 
ing the anticipated future demands of industry, the 
Government and public services, education, etc, for 
scientists and technologists of various kinds, and by 
relating these estimates to the expected supply from the 
universities, colleges of technology, and other sources 
These reports have assisted the University Grants Com- 
mittee and the Ministry of Education in the formulation of 
their plans for a considerable improvement and expansion 
in the facilities for scientific and technological education 
within the universities and the colleges of technology 
respectively, and done much to stimulate the marked 
change in the pattern of sixth-form work within the 
schools which has occurred during the post-war period 
The 1963 report? probably gives a better quantitative 
picture of the distribution of our existing scientists and 
technologists, and of the expected supply and anticipated 
demand over the next few years, than 1s available m any 
other country 

It 18 evident, however, that we are a long way from 
knowing how to make an assessment of future needs for 
scientific, technological and technical manpower based on 
a forecast of the pattern of desirable national development 
and economic growth Taken literally, this may be asking 
for the rmpossible, and ın any event such a pattern 1s only 
in the early stages of conception by the National Economie 
Development Couneil Certamly, as outlined particularly 
in its 1961 report, the Committee on Scientific Manpower 
has tried to make such projections, but ıt has necessarily 
had to base much of its assessments of likely demand on 
the opinions of individual employing orgamzations Some 
of these will not have been well situated, because of a 
dearth of suitably qualified and mformed opimon within 
them, to judge their future need for scientific and techno- 
logical manpower and to conceive how to make effective 
use of it The demand of these organizations 1s, therefore, 
unhkely to have reflected an adequate appreciation of the 
kinds of change which are now possible, and necessary, 
but which only qualified staff can formulate and carry to 
successful completion On the other hand, there are no 
doubt organizations which, though recognizing an expand- 
ing need for qualified manpower, may not have been able 
to foresee the financial possibilty of mitiating and sus- 
tainmg desirable programmes of new development 

In the second place, we do not yet know how, within a 
democratic community, to ensure a pattern of supply 
which 1s commensurate with that of anticipated demand— 
or need-—at the time when this demand requires to be 
satisfied What we have sought to achieve is an adequate 
overall supply, subdivided imto broad categories and 
characterized by sufficient flexibility and adaptability to 
meet unpredicted, or unpredictable, changes m the 
national situation Nevertheless, the 1963 report reveals a 
number of discrepancies which illustrate the kinds of prob- 
lem for which we must surely seek more effective solutions 

Thus the report states 

“The information now available to us from the 1961 
Census enquiry, together with the results of the 1962 
Manpower Survey and the employers’ estimates of require- 
ments, suggests that we are still some way from a satıs- 
factory balance of supply and demand, particularly as 
regards technologists 
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“The relation between supply and demand differs 
greatly from one disciphne to another This has always 
been so, but in the conditions of extreme overall shortage 
which prevailed after the war, the first objective was to 
get nea: to an adequate total supply of scientific man- 
power As we approach the first objective, analysis by 
discipline becomes increasingly umportant ” 

In respect of some of these disciplines, the most notable 
discrepancy on the science side ıs ın mathematics, where— 
“1t seems likely we shall be short of nearly 1,500 mathe- 
maticians in 1965”, while in physics—‘‘the number of new 
physicists who will become available by 1965 would suffice 
to meet the requirements forecast by employers m the 
sectors covered by the Survey only if there were httle o1 
no growth in the employment of such men ın other fields” 
On the technology side, although the number of students 
qualifying annually in electrical engmeermg has risen 
from 1,284 in 1960 to an estimated figure of 1,830 ın 1964— 
“there wil still be vacancies for about 4,000 in 1965, even 
when no allowance 1s made for the replacement of wastage 
or for possible growth m sectors not covered by the 
Survey’ The position ın mechanical engineering 18 
particularly disturbing The number of students qualify- 
ing has fallen progressively over the same period, from 
4,574 ın 1960 to an estimated 3,385 ın 1964 Although 
the report does not give a figure for the hkely 1965 short- 
fall in this subject, the trend m output 1s clearly quite 
inconsistent with the central position which mechanical 
engineering occupies within technology as a whole 

These figures provide one piece of evidence of the 
unattractiveness of technology relative to science to the 
scientifically mimded products of our schools Much 
further evidence ıs given in the recently published booklet: 
Technology and the Sixth-Form Boy*, and ıt may be of 
interest to supplement this by the data of Tables 1 and 2 
The former gives comparative figures for new entrants to 
the science and technology faculties of the universities 
over the period 1954-19624, and the latter the ‘home’ 
student applications per place in the several university 
faculties over the period 1960-19625 


Table 1 FULL-TIME STUDENTS ENTERING THE UNIVERSITIES OF GREAT 
BRITAIN FOR THE FIRST TIME 


Academic year Science Technology Total 
1954-55 4,880 3,199 8,079 
1955-56 5,400 3,341 8,741 
1956-57 8,079 8,835 9,914 
1957-58 6,644 4,269 10,913 
1858-59 6,801 4,590 11,391 
1959-60 7,043 4,491 11,534 
1960-81 7,787 4,446 12,283 
1961-62 8,519 5,064 13,583 

Oct 1962 
(provistonal) 8,829 5,103 13 932 
Table 2 HOME STUDENT APPLICATIONS PER PLACE IN VARIOUS UNIVERSITY 
FACULTIES 
1960 1961 1962 
Arts and Social Science 6 85+ 
Science 7— 75+ 85 
Technology 45 45 5+ 
Medicine and Dentistry 6 8+ 115 
Overall 6 7 8+ 


The figures in Table 2 were calculated by Prof J T Allanson, from the 
annual returns of the Committee of Vice-Chancellors and Prmeipals They 
embrace multiple applications and also students who fail to qualify for entry, 
and there may well be differences between faculties m these respects Never- 
theless, oe difference im respect of technology seems too large not to be 
significan 


In respect of numbers, the technology situation 1s 
relieved somewhat by the gratifymg growth in entrants to 
diploma im technology courses, as shown m Table 3 
Nevertheless, even when the output from these courses, 
and from other, mamly part-time technical college, 
courses which satisfy the examination requirements of the 
professional institutions, 1s added to that from the univer- 
sities, the position relative to science 1s disturbmg This 
is revealed by the Scientific Manpower Committee data 
of Table 4 

But there 1s a second discrepancy—that between tho 
performance in the General Certificate of Education, 
Advanced Level, and related examimations of the entrants 
to full-tume courses ın science and technology In supple- 
mentation of other published evidence on this pomt? 
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Table 3 NEW ENTRANTS TO DIPLOMA IN TECHNOLOGY COURSIS 1959-63 
1959 1960 1961 1962 1963 
Engineering 1,108 1,199 1,211 1,517 1,718 
Other technologies 450 570 558 843 979 
1,558 1,769 1,769 2,360 2,697 


Table 4 ESTIMATED NUMBER OF STUDENTS QUALIFYING* ANNUALLY 
1960-1964 


1960 1961 1962 1963 1964 
forecast 
Science 7,343 7,569 8,144 8,870 8,845 
Technology (total) 9,783 9,916 9,907 9,800 9,910 
(Mechanical engmeermg) (4,574) (4,443) (3,039) (8,635) (8,385) 


* By degree, diploma in technology and other examinations satisfying the 
requirements of the appropriate professional Institutions 
Table 5 gives an analysis of the subject of undergraduate 
study chosen by the top thirty candidates ın the Imperial 
College Entrance Scholarship examimations over the 
period 1954-1963 It will be seen that the ratio of 
engineers to scientists 1s about 1 to 3 5 and this has been 
getting worse, and. of electrical and mechanical engineers to 
physicists 1 to 75 and 1 to 95, respectively Table 6 
gives the mean percentage ın the GCE “A” level exam- 
nations of all the undergraduate freshmen in physics and 
electrical engmeermg over the period 1956- 1962 
Table 5 ANALYSIS OF THE TOP 30 CANDIDATES IN THE IMPERIAL COLLEGE 

ENTRANCE SCHOLARSHIP EXAMINATIONS 1954-63 
Subject of later undergraduate study 





Phys- Chem- Elec Mech Civil Chem Aero Metal-. 

Yr Maths cs istry Eng Eng Eng Eng Eng lurgy 
1963 6 14 4 me 2 - 2 - 2 
1962 5 11 7 4 2 ~ - 1 - 
1961 9 14 2 1 ~ i ~ 3 ~ 
1960 5 7 9 2 4 1 1 1 - 
1959 8 8 6 2 2 1 3 ~ ~ 
1958 6 12 5 1 1 2 2 — 1 
1957 3 14 6 1 - 1 4 1 - 
1656 1 13 7 1 i ~ 5 1 1 
1955 5 9 8 2 me - 4 1 — 
1954 1 1i 13 1 = 1 2 1 - 
49 118 67 15 12 7 23 9 4 
228 66 4 


Table 68 MEAN PERCENTAGE IN THE GENERAL CERTIFICATE OF EDUCATION, 
ADVANCED LEVEL EXAMINATIONS OF THE UNDERGRADUATE FRESHMEN IN 
PHYSICS AND ELECTRICAL ENGINEERING AT IMPERIAL COLLEGE 1956-62 


Session Physics Electrical engineering 
1962-68 68 i 64 2 
1961-62 68 5 63 5 
1960-61 69 1 62 8 
1959-60 68 8 63 0 
1958-59 703 61 6 
1957-58 69 1 659 
1956-57 68 1 619 
Overall average 688 63 3 


I regard this second discrepancy as much the more 
serious, notwithstanding that I have no great confidence 
in examinations as & basis for predicting quality in later 
hfe Certaimly I have no evidence of a close corrclation 
between quality as judged by examination performance at 
the age of eighteen and quality as revealed Jater among 
practising technologists The successful pursuit of tech- 
nology demands characteristics of mind and of personality 
which do not lend themselves to assessment by examina- 
tion, and a quite different environment from that of 
school and university—-and of the research laboratory— 
for their full development and refinement Nevertheless, 
if, as many people keep saying and as I believe, our 
national weakness, taken overall, hes not m our research 
but ın our relative mability to translate its results mto 
technological achievement, ıt seems to me that we cannot 
be content with a lower quahty of entrant at the techno- 
logical starting point, as judged by whatever criteria are 
generally applied at that stage of the educational process 

What now are the essential differences between science 
and technology? According to a recent defin:tion®, 
science 1s knowledge obtained by observation, by experi- 
ment and by subsequent deduction. Natural science 1s 
the mvestigation. of the nature and properties of natural 
bodies and natural phenomena The object of the 
scientist 1s the determmation of general laws and the 
deduction of prmeiples from the effects which are observed 
Technology, on the other hand, 1s defined’ as the science 
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of the mdustrial arts, and the technologist 1s therefore 
one who applies scientific primeiples and umagmation to 
the conception and creation of useful material products 
required by the community 

J T Alanson’ has drawn the distinction in the words 
“Just as the pater 1s judged by his paintings and not by 
his writings on zsthetics, so the engimeer is finally judged 
by what he makes The makmg mvolves him im the 
social sciences and m relations with other human bemgs 
It 18 not possible for a good engmeer to be a ‘back-room 
boy’, nor can he believe in that curious battle between the 
‘two cultures’ invented by Sir Charles Snow He must 
make an engmeermg unity of the physical and social 
sciences by the kind of mtellectual and moral effort 
supposedly characteristic of the man who reads ‘Greats’ 
With this he must integrate magmation and personal 
drive, for he ıs not a scholar but a doer, and the more 
visionary and far-reaching his ideas the greater must be 
his struggle to achieve them against the conservatism of 
the orthodox”, 

Technology spreads over applied research, develop- 
ment, design, manufacture, and operation, and the tech- 
nologist may be found withm any of these functional 
activities Scientists, on the other hand—until they also 
are more correctly described as technologists—are con- 
centrated within the fields of basic and applied research, 
and of the mutiatmg stages of development. The clear- 
cut area of demarcation 18, therefore, design 

In relation to mechanical engmeermg (and most design 
has strong mechanical associations) the recently published 
report of the Feilden Committee? defines design as—‘“the 
use of scientific prmeiples, technical mnformation and 
imagination mn the definition of a mechanical structure, 
machine or system to perform pre-specified functions 
with the maximum economy and efficiency” 

In the past, and indeed in the present, the majority of 
the country’s designers have not been educated m degree 
or equivalent full-tume courses, but through long practical 
experience and part-time courses, and often no courses at 
all The best of these men were, or are, outstanding m 
spite of the deficiencies of their educational preparation, 
and we have much reason to be deeply grateful to them 
for their mventiveness and thew native engmeermg 
intuition and competence But this method of prepara- 
tion will no longer suffice The ongims of invention and 
the foundations of creative design are moving back more 
and more into science, and demand an educational disci- 
pline as prolonged and as searching as that required by 
the scientist But the diserphne mvolves a different 
emphasis, for 1t1s an art as well as a science, leads into a 
different environment with different objectives; and 
requires @ preliminary tramimg within this environment to 
provide contacts with the practices, the organization and 
the people necessary for the translation of design into 
production and operation It raises issues of economics 
and human relations from which the scientist 1s largely 
protected, and increasingly so as ıb moves beyond 
design into production, sales, operation and management 
Technology 1s not only an exercise m the application of 
science, but an even more difficult one m the motivation 
of people towards defined material objectives? 

From now on, more and more of the equivalents of the 
men I have mentioned will remam at school until they me 
eighteen. years of age, and will enter full-time university or 
college courses It is of great national umportance that 
they shall not be lost to technology, for we need many 
more, not fewer, of them Not all design ıs concerned with 
major projects, of course, and even with these much of it 
1s related to small components of the whole But this is 
no different from scientific research (except that, m the 
latter, study of the components leads more readily to 
publications of no great importance which fewer and 
fewer have tıme to read), and the sheer professional com- 
petence required 1s certainly of no lower order in one than 
in the other 
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I have heard ıt argued that they will not necessarily be 
lost to technology if their university education 13 on the 
science side, and indeed that a first degree m science 18 
the best preparation for participation m the technology 
of the future It will be evident from what I have already 
said that I am in no doubt as to the necessity for strongth- 
ening the scientific foundations of technological educa- 
tion, but I have also expressed my conviction that this 
education imvolves different emphases than are to be 
found, or could reasonably or rightly be expected to be 
found, ın pure science courses I am well aware of the 
substantial participation of physicists m the electrome 
branches of electrical engineering, but there 1s no evidence, 
and not much likelihood, of a corresponding help to 
mechanical engineering, for example, from this source 
it seems to me that the argument can be misleading both 
m respect of strengthening the country’s technology at its 
weakest pomts, and of the best mterests of the careers of 
the persons concerned—uniess, that 1s, they are prepared 
to embark on appropriate technological study at the 
postgraduate stage At present most of those graduates 
of the university science schools who jom mdustry enter 
its research departments In this sphere of industrial 
activity their contributions are invaluable, but, as a 
generalization, the environments in which research, and 
indeed development, are conducted, do not by themselves 
afford the kinds of basic traimimg and experience which are 
essential to the successful pursuit of the design, produc- 
tion, operational and managerial aspects of technological 
activity. 

Though at the recruitment stage the science graduate 
may not, of course, be mterested ım these activities, he 
may well become so later as his mclinations changs, or 
should his creative abilities in research and his career 
prospects in it fail to mature It then becomes difficult, 
and the more so the older he gets, for him to move into 
other spheres of mdustrial or related employment, not- 
withstanding that these spheres may be much ın need of 
men of his intellectual powers Indeed, an extremely 
sad feature of the research and development departments 
of industry and of Government departments, seen ın both 
individual and national terms, is the number of men of 
considerable ability and promise who have become locked 
up in these environments from an early stage m ther 
careers The mmobilhty of quahfied manpower between 
the interrelated spheres of scientific and technological life 
18 an Outstanding defect of our national situation Among 
those who pay the highest price mndividually, and are the 
greatest loss to the strengthening of our technology, are 
the able men who discover that they are not, as they had 
hoped to be, outstanding research scientists 

I must not pretend that the employment situation for 
technologists 1s free from discouragements, knowledge of 
which has penetrated to levels which affect the choices of 
young people ‘Those sectors of industry which are most 
in need of technological stimulation are too often unwilling 
to establish the conditions of employment for qualified 
manpower which are a prerequisite forit Other sectors, 
where this 18 not the case, are often said to cause frustra- 
tion and discouragement to their qualified recruits durimg 
the necessary phase of preliminary tramung, to afford 
inadequate status and salary to their more semor tech- 
nologists, and madequate opportunity for those who wish 
to rise to the top levels of management I do not doubt 
that there 1s justification for these criticisms, though I 
have known them to be much distorted Where they are 
justified, however, they demand the most urgent attention 
and correction But it ıs not difficult to pm-pomt a 
number of other, quite different, reasons why we are 
failing to produce a public image of technology which 1s 
consistent with its national :mportance, and to attract a 
larger proportion of the most promising of our scientifically 
minded schoolboys to 1ts pursuit 

First, there 1s the widespread lack of acquaintance with 
technology among headmasters and their staff colleagues 
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While this may not create, 1t 1s certainly not calculated to 
remove, the serious misconceptions present among school- 
boys referred to in Technology and the Sixth Form Boy. In 
paraphrase, some of these are- that engineermg studies 
are all nght for boys who are good with their hands, but 
not for those who are good with their heads, that all the 
new ideas in engimeering come from the scientist, that all 
the really difficult problems of engmeermg are solved by 
the scientist, and that the rest 1s just straight engimeer- 
mg In more recent comments, at a British Association 
meeting discussion on this Oxford University enquiry, 
W. D Hutchings remarked that the mam smgle factor 
leading to the narrow and often naive approach of many 
boys to their future careers ıs the mtense and premature 
specialization to which they are subjected, causmg the 
best boys to be channelled mto the subjects m which they 
have been most successful at school, with the glamour and 
prestige of research as a prime mcentive. 

I find ıt quite understandable that the science depart- 
ments of the universities do not discourage the latter 
trend But what I do not understand 1s the mmpression 
given by many staff members of these departments that 
they regard the process of translation of the results of 
scientific work into technological achievement as a 
markedly lower-grade activity than theirown, and what I 
regret 1s their stimulation of the behef, which extends well 
beyond those students who are hkely to be well suited to 
it, that research ıs the only valuable outcome of a scien- 
tifically based education 

The situation 1s not improved by the otherwise quite 
excellent science programmes of sound and television 
broadeasting These not mfrequently, but no doubt 
unconsciously, credit scientists with much that 1s essen- 
tially achievement ın technology, while other programmes 
do little to correct the widespread misunderstanding that 
engineering and a paw of overalls are synonymous— 
though at a very ımportant, but non-professional, level 
they undoubtedly are 

The university engimeermg schools have themselves 
done a dis-service to their cause by differentiating too 
early between the several branches of engmeermg, and 
fostermg the concept of narrowness and rigidity m their 
undergraduate courses. In fact, there are now strong 
movements, notably withm the plans of the new uni- 
versities, towards more general courses m engineering 
science This mvolves, however, an creasing participa- 
tion in postgraduate courses of study m more specialized 
fields, and a willmgness on the part of employers to sponsor 
the return of selected graduates for this purpose 

The professional engmeermg stitutions have also 
contributed by retarding the emergence ın the public, and 
indeed ın the Governmental mmd, of a clear concept of 
technology and of the position which the profession of 
engineermg occupies withm ıt No doubt each of the 
many such institutions has a distinctive service to perform 
1n catermg for the technical interests of a different branch 
of the profession, but only since the formation about a 
year ago of the Engineermg Institutions’ Jomt Council, 
representative of thirteen specialist mstitutions, has 
there been a deliberate approach to the formulation of an 
overall common pohcy on such questions as education and 
tramimg and professional recognition It ıs one of my 
hopes that the corporate members of all of them will soon 
come to be known as ‘chartered engineers’, and that steps 
will be taken to ensure that the meaning and significance 
of this common title ıs clearly and widely understood 

Finally, the Civil Service ıs also not free from responsi- 
bility mn so far as the majority of the professional engmeers 
whom ıt employs form part of the so-called works group of 
professional classes, a term which suggests that their 
status ıs lower—as their career prospects undoubtedly are 
-—relative to the members of the Scientific Civil Service 

This complex situation will not be easily resolved 
However, the considerable attention which the subject has 
received m reports, speeches and the Press during recent 
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months, and to which the Duke of Edinburgh has made 
several notable contributions”, 1s gratifying evidence of a 
growing recognition of the need to do so. The next step 
must be a determination by each of the sectors of the 
community which I have mentioned to make its appro- 
priate contribution towards this resolution 
"It seems to me that the most crucial people for this 
purpose are the scientists, and particularly the outstanding 
scientists, and, if for no other reason, in the long-term 
interests of science I have not only i mind the contri- 
butions, of which many examples can be cited, which new 
tools of investigation resulting from technological progress 
can make to the further progress of science, but also the 
relationship which must exist between the scale on which 
new scientific work can be supported and the growth of 
the national economy, and the dependence of the latter on 
the economic consequences of the technological exploita- 
tion of what 1s already known m science I would, there- 
fore, ask the outstanding scientists, to whom and through 
whom the opportunity to pursue new ideas 1s of outstand- 
ing importance, to show a greater readiness to recognize 
pubhely that the speedy translation of the results of 
research through development, design and manufacture 
into efficient, rehable and economic pieces of equipment 
ıs an activity which can make intellectual demands no 
less severe, if different from their own; and that these 
activities justify a public prestige commensurate with the 
one which their own activities enjoy It ıs probable that 
such assertions as these will be really believed by school- 
masters, parents and the best boys only if they are made 
by outstanding scientists-—-and one must hope first that 
the outstanding scientists themselves really believe 
them. 

T have already mentioned a number of aspects of the 
employment situation for technologists which require 
urgent attention, but there 1s another which leads me mto 
another category of manpower My experiences and 
observations of recent years have left me ın no doubt that 
some, if not much, of the work being carried out by 
professionally qualified people could, with appropriate 
replanning and the fuller use of modern techniques, per- 
fectly well be performed by persons of lower academic 
qualifications The process of devolution 1s, of course, a 
contmuous one m any progressive situation It a 
process which tends to increase, not decrease, the need for 
highly qualified people, through stepping up the standard 
of the overall activity. But ıt demands for ıts progression 
the availability of others, themselves well educated and 
trained, though to a different level or levels, on whom 
the work can be devolved 

The effects and the demands of technical change ın 
industry and elsewhere are emphasizing the growmg 
significance of the category of manpower lymg between 
the technologist and the craftsman and operative—a 
category which, in engmeermge, 1s comme to be described 
collectively as that of the technician engineer Regret- 
tably, m our concern for our shortage of scientists and 
technologists, we have been inclined to overlook some- 
what the importance of their supporting contribution and 
thew needs ın education and trainmg, so much so that our 
greater present shortage may well be at this level So far 
the members of this category have come maimly through 
promotion from the ranks of craftsmen and operatives, or 
are men who, having aspired to professional status, have 
failed to achieve it All too few of the former have 
pursued their technical studies to a standard adequate for 
the evolving requirements of their new activities and 
responsibilities, or have received any specific traming m 
preparation for them This will no longer suffice—f, 
indeed, ıt has sufficed so far—to deal with the rapidly 
mereasing technical complexity of engmeermg equipment 
and systems, and of the problems involved ın ther manu- 
facture and operation ‘This does not mean that all the 
functions performed by the technician engineer call for 
high qualification in the academic sense, for they vary 
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considerably ın their technical demands What it does 
mean ıs that more specific steps must be taken m both 
education and trammg to ensure adequate preparation 
for the duties to be performed 

The Ministry of Education made an extremely ımpor- 
tant contribution towards this end ın 1ts formulation of a 
new pattern of technical education in a White Paper 
issued m 1961 This pattern is now taking shape m tech- 
nical college courses, with the assistance of the City and 
Guilds of London Institute, but much remains to be done 
by many employers in respect of their willingness to afford 
day-release facilities to ther young recruits and to provide 
associated trammg of adequate standard withm then 
own. concerns 

About a year ago the Committee on Scientific Manpowe1 
mitiated exploratory steps ın preparation for a national 
statistical survey on technicians These are takmg the 
form of sample enquiries involvmg a small number of 
firms in selected industries Their purpose is to ascertain 
the relationships which exist withm them between tech- 
nicians—if so-called—-and other categories of personnel 
employed; the kmds of duties with which the technician 
is identified, the nature of the responsibilities which these 
duties involve, and the status attaching to them, the 
evolving changes m the character of technician employ- 
ment, the type of preparation m education and trainmg 
which the present technicians have received, and the 
modifications to these which are thought to be necessary 
for future purposes The objectives to be aimed at must 
be, of course, not merely to state the present position but, 
so far as practicable, to assess qualitatively and quanti- 
tatively the aggregate needs that he ahead so that the 
earliest possible preparation can be made for meeting 
them. 

This 1s a difficult and long-term exercise, but ıb is obvious 
that the assessment 1s integral with the one for scientific 
and technological manpower—indeed, that neither can 
be made rehably without the other The pity 1s that we 
are only at the begining of an attempt to interrelate 
them 

In conclusion, I wish to make two points, both of which 
have no doubt been made many times in different ways 

The first 1s that those young people who choose, or are 
persuaded, to prepare themselves for careers m science 
and technology must, as an mtegral part of their educa- 
tion, have their mmds opened to the sociological umplhica- 
tions and consequences of scientific and technological 
progress, and of their special responsibilities towards 
them, and no less important, that those who choose one 
or other section of the faculties of arts must be helped to 
extend their knowledge and understanding of the history, 
the methods, the achievements and the aims of science 
and technology well beyond what has been thought 
necessary in the past 

The problem of the arts student is probably more 
difficult than that of the scientist and technologist, for 
while the latter can draw on a vast accumulation of 
literature ın the arts, there ıs as yet httle lterature in 
science and technology that is well suited to his purpose 
Yet, notwithstanding this difficulty, the time has surely 
passed when the humanist—or so-called humanist—can 
continue to remain as ignorant as many now are of the 
scientific and technological omgms of the developments 
which are changing the pattern of hfe, both nationally 
and internationally 

The second point 1s a related one—it 1s a plea for a 
more serious attempt to establish what are variously 
called the human, social or behavioural sciences (1f ıt 18 
yet permissible to refer to them as sciences) in a more 
rational relationship to the physical and biological ones 
The scale of effort in the physical sciences and m tech- 
nology is increasing rapidly The mnovations which will 
result will bring further material benefit, and mdeed this 1s 
greatly needed ın many places and by many people But, 
as in the past, we are likely to be found woefully incapable 
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of resolving the human problems which will also flow from 
them I would not know how to set about achieving a 
better understanding of the factors which govern even the 
rational modes of human response and behaviour The 
most I can do 1s to hope that more good people will devote 
themselves to the search for it—not m expectation of 
early benefits, but because longer-term ones will not come 
otherwise 

I have tried to portray the need for, and some of the 
difficulties that beset, the formulation and implementation 
of a scientific, technological and technical manpower 
policy This is, of course, only one aspect of manpower 
policy within the context of national policy as a whole, 
and here we are far from having reached a clear concept 
of the kind of country, and society, we would wish to see 
emerge with the aid of science and technology 

My main theme has been the strengthenmg of tech- 
nology. This is only one of the means to the achievement 
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of the wider aims that should inspire us But ıb 1s an 
indispensable means, smce I am convinced that only 
through the material benefits that flow from successful 
technology shall we be able to afford to do the things 
which most need doing 7 


t Carter, C E , “The Distribution of Scientific Effort”, Minerva (1963) 

? Seenhifie and Technological Manpower n Great Bram, 1062 (M80, 
Cond 2146, Oct 1963) (Nature,200,297,1968,alsop 1133 of thisissue ) 

* Oxford University Department of Education (1963) 

* Supplied by the Office of the University Grants Committee 

> Alanson, J T , Education, 24 (May 24, 1963) 

¢ Dame Kathleen Lonsdale 

* Conese Oxford Dictionary 

8 merited Design, Department of Scientific and Industrial Research 


"See Sir Christopher Hinton’s Presidential Address on “Design and 
Research” to the British Electrical Power Convention, June 1968, for a 
stimulating treatment of this subject 

10 Graham Clark Lecture, Inst Civel Eng Pree ,19 (July 1961), First Handley 
Page Lecture, College of Aeronautics, Cranfield (May 1963) 


NEWS and VIEWS 


Chemistry at the University of East Anglia: 
Prof. N. Sheppard 


Dr N Suerrarp has been appoimted professor of 
chemistry in the School of Chemical Sciences in the 
University of East Anglia, Norwich Dr Sheppard went 
to Hymers College, Hull, and was an undergraduate at 
St Catharme’s College, Cambridge, from which he 
graduated in 1948 Durmg the Second World War he 
worked with Dr (now Sir) Gordon Sutherland in the 
Department of Colloid Science, Cambridge, on the infra- 
red spectra of rubbers. He obtamed a PhD degree in 
1947 and then spent a year as visiting assistant professor 
at the Pennsylvama State University studymg Raman 
spectroscopy with Prof D H Rank On returnmg to 
the United Kingdom, he rejoined the spectroscopy group 
m the Department of Colloid Science, Cambridge, as a 
Ramsay Memorial Fellow and later as an 1851 Semor 
Exhibitioner In 1956 he was appomted assistant director 
of research mn spectroscopy ın the University Chemical 
Laboratory, Cambridge, and a Fellow of Trimty College 
His research imterests have been concerned with the 
application of spectroscopic methods to the mvestigation 
of molecular structure and molecular dynamics His 
group has applied infra-red spectroscopy to the examma- 
tion of problems in molecular conformation and mternal 
rotation, hydrogen bonding, and physically and chemically 
adsorbed molecules In nuclear magnetic resonance 
spectroscopy the group has prmerpally studied the steric 
dependence of the (H,H) coupling constant m proton 
spectra of hydrocarbon groupings—particularly those of 
sunple and symmetrical molecules obtained with the help 
of spectra from “CH groups Structural mvestigations of 
organic natural-product and inorganic co-ordimation 
compounds have been made m collaboration with col- 
leagues at Cambridge and elsewhere Dr Sheppard has 
taught physical chemistry at all levels and given under- 
graduate and postgraduate lecture courses on spectro- 


scopy 


Mechanical Engineering at the Manchester College of 
Science and Technology’ Prot J K Royle 


Dr J K Roy has been appointed to a second chair 
mm” mechanical engmeermg m the Faculty of Apphed 
Science of the University of Sheffield as from April 1, 
1964. Dr Royle, after graduating at the College of 
Technology, University of Manchester, m 1944, became a 
scientific officer at the Royal Aurcraft Establishment, 
where, among other things, he worked on power plant, 
aerodynamics and supersonic flow. In 1949, Dr Royle 
was appomted assistant lecturer m mechanical engineermg 


in the College of Technology, Manchester, lecturer in 
1953, and semor lecturer in 1961 He was an associate 
professor of mechanical engineermg at the Massachusetts 
Institute of Technology for the session 1960-61. Dr 
Royle’s interests have been in the teaching of fluid 
mechanics and m research mto hydraulhe servo-mechan- 
isms. He 1s the author of a considerable number of papers, 
for one of which he was awarded the Bernard Hall Prize 
of the Institution of Mechamcal Engineers m 1959 He 
has acted as consultant to many firms and organizations 
and he holds a number of patents relatnmg to machine 
tools, to which many of his developments in hydiauhe 
servos have been apphed 


The National Research Council (Canada) Steacie 
Memorial Fellowship: Prof. N. Bartlett 


THe National Research Council of Canada has an- 
nounced in Ottawa that Prof Nel Bartlett, associate 
professor of chemistry m the University of British 
Columbia, has been awarded the first E W R Steacie 
Memorial Fellowship by the National Research Council 
(Canada) -This senior research award, established by the 
Couneil ın March 1963, perpetuates the name of Dr 
E W R Steame, president of the Council durmg 1952-62, 
and one of Canada’s most distinguished scientists (Nature, 
196, 110, 1962) The purpose of the fellowship 1s to give 
outstanding and promismg young staff members of 
Canadian universities the opportunity to spend two or 
thres years in unmterrupted research During his tenure 
of the award, Prof Bartlett will be reheved of all teachmg 
and administrative duties He will receive his normal 
university salary, paid in equal shares by the University 
of British Columbia and by the National Research 
Coune:l Prof Bartlett, who is thirty-one, became well 
known when, ın October 1962, he prepared the first true 
compound of the rare gas xenon By successfully com- 
bming xenon with another gas to form a stable chemeal 
compound, a reaction previously regarded as impossible, 
Prof Bartlett not only overthrew a number of existing 
theories on chemical bonding, but also opened up a whole 
new field of scientific investigation As a iesult of his 
work with xenon, the chemistry of the rare gases 1s now 
bemg examined m laboratories all over the world Prof 
Bartlett ıs a native of Newcastle upon Tyne, and holds 
the degrees of BSc and PhD of the University of 
Durham. 


The European~American Nuclear Data Committee 


Dr FE Brerscuer, head of the Nuclear Physics 
Division of the Atomie Energy Research Establishment, 
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Harwell, was elected charman for two years of the 
European—American Nuclear Data Committee at the 
Commuttee’s sxxth meeting held nm Athens Dr Bretscher 
will sueceed Dr J Spaepen, head of Euratom’s Central 
Bureau for Nuclear Measurements at Geel m Belgium 
The secretaries of the Commuttee are Mr R Batchelor, 
Atomic Weapons Research Establishment, Aldermaston, 
and Prof H Goldstem, Columbia University, New York 
The European—American Nuclear Data Committee was 
set up m October 1959 by the Steering Committee of the 
European Nuclear Energy Agency m agreement with 
Euratom, the United States and Canada The Committee 
consists of fifteen experts from nuclear establishments m 
member countries of the Organization for Economic 
©o-operation and Development The work of the Com- 
mittee includes periodical reviews of activities m the field 
of neutron cross-sections, and collation, comparison and 
diffusion of the results of this work It also establishes 
lists of priority requests for nuclear data measurements, 
so as to help m directmg and co-ordmating research. 
activities m the participatmg laboratories and to ensure 
co-ordmation ın the use of scarce materials needed for 
such measurements The Committee was responsible for 
the recommendations which led to the formation of the 
European~American Committee on Reactor Physics and 
the European Nuclear Energy Agency’s Group of Special- 
ists on Neutron Data Compilation The Commuttee has 
also sponsored various symposia 


Building up Education tn Britain 


In a-written answer in the House of Commons on 
December 5, the Minister of Education, Sw Edward 
Boyle, stated that the two most umportant recommenda- 
tions of the Newsom Roport on secondary education 
addressed to him were those relating to raising the school 
age and to the school buildmg programme He had 
recently announced a greatly mmcreased level of school 
building for 1965-66 and 1966-67, and recognized the 
importance of contmuing the improvement of educational 
provision in secondary schools on which Britam was 
already engaged He had already promised to make a 
statement durmg the Session about raising the school- 
leaving age Some work was already m hand relating to 
other recommendations of the Report He was sup- 
porting from his research vote an mvestigation by the 
Liverpool Institute of Education of the relationship 
between environment and educational progress and by 
the London Institute of Education of the relationship 
between verbal mtelhgence, learnmg ability and social 
class Consideration of how best to follow up other 
recommendations was continued, and he would be ready 
to consider supporting from his research vote other pro- 
posals for research and development formulated m this 
way In reply to an earlier question, Sir Edward Boyle 
had stated that the mereasing recognition throughout the 
bulding ndustry of the need for scientific management 
techniques, and the inclusion of buldmg management m 
the examinations of the Institute of Builders, had increased 
the demand for specialist teachers of buldmg manage- 
ment His Department would shortly be discussing this 
and other problems with the Institute, and the discussions 
would cover the question of text-books 


British Space Research 


In a written answer m the House of Commons on 
December 5, the Mimister of Aviation, Mr J Amery, 
stated that his Department had been carrying out a 
programme of research mto the technology required for 
the civil and mulitary exploitation of space, and this 
programme was at present bemg reviewed The design 
Study of a communications satellite had been completed 
and its implications were bemg investigated Twenty 
separate systems, including fifteen types of satellite. were 
considered m a co-operative mvestigation with the Post 
Office and industry, and discussions with Europe for 
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British participation m a satelite communications system 
would be followed by talks with the United States and 
other countmes Britan, he said, was keeping m close 
touch with the Commonwealth and continued to par- 
ticipate m the negotiations for establishing the European. 
Space Research Organization, the Preparatory Commis- 
sion of which had placed contracts for two prelimmary 
satelhte design studies with the Ministry of Aviation 
The first Blue Streak would be launched from Woomera, 
probably ın April 1964, and under the Minister for 
Science’s space research programme, the second Anglo- 
American scientific satellite awaited launching in the 
United States His Department had placed a contract for 
a third satellite m the programme which would be the 
first British-made satellite and should be ready for 
launchmg by the United States in about three years. 
Development of a stabilized version of the Skylark 
sounding rocket had reached an advanced stage 


Telstar and its Problems 


A REOCENTLY-PUBLISHED booklet, edited by R. M 
Foster, jun , Satellite Communications Physics, 18 designed 
primarily as an aid to school science education (Pp 88 
By Members of the Staff of Bell Telephone Laboratories 
New York Bell Telephone Laboratories, 1963) Written 
by scientists who have participated in the Telstar project, 
the booklet gives a general review of communications by 
satellite, followed by sıx interesting imdividual ‘case 
histories’ on specific questions raised by Telstar Tho 
six topics are the method of calculating orbits; the 
chore of colour and surface finish to mamtain the 
required temperatures, the use of optical observations 
to determine the direction of the spin axis, the protection 
of solar cells from radiation damage; the effects of time 
delays of up to 12 sec im telephone conversations via & 
synchronous satellite, and, finally, the problem of repair- 
ing a satellite m orbit 


Research and Design in Engineering 


In a lecture entitled “Research and Design in Engin- 
eering’’, originally delivered at the National Engmeermg 
Laboratory m October 1962, and which has only been 
published this autumn, Mr H Clausen renews the plea 
for a better balance between the science and the art of 
engineering which he had advanced in earher lectures on 
engineering design as the background and basis of con- 
temporary life and on the borderland between science and 
engineering. Quoting a remark of Sir Henry Tizard that 
science may make many things possible but docs not 
necessarily make them happen, Mr Clausen suggests that 
Britain’s educational and mdustmal weaknesses still call 
for more attention at the pomt where two disciplines, 
fields of activity, or techniques overlap ‘The problem 1s 
largely one of communication of ideas and media of 
expression He suggests that the gap between research 
and the application of ıts results is due first to the dis- 
appearance of the older relation between master and 
apprentice and then to the failure, in the educational, 
engineering and mdustrial fields, to develop some system 
to replace ıt effectively Probably arismg out of the 
latter 18 the failure of Britain’s older educational system 
to reahze that national leadership cannot be effective 
without a full appreciation of the way the country earns, 
or might be able to earn, 1ts hving a mastery of the 
industrial arts, on which everything depends, and which 
can no longer be taken for granted Probably, m con- 
sequence, the control of much mdustry has drifted mto 
the hands of men who are mainly mterested ın finance 
and profits and have pushed the creative aspects of 
industry, on which everythmg depends, so far down in 
the hierarchy that they are no longer effective, or attractive 
to men of talent, quality or ambition Finally, he insists 
that Britain’s existence as an mdependent nation depends 
on mamtaiming a proper balance between science and the 
technologies 
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Industrial Psychology and Take-over Bids 


A stupy by Mrs W Raphael and Mr M W Zimmer- 
man of the reactions of some 5,500 employees m a group 
of electrical equipment companies indicates that unrest 
and anxiety among employees whose firm has been taken 
over by another could be reduced ıf they were given more 
information as soon as possible after the change occurs 
(National Institute of Industrial Psychology. Report 
No 15 After the Take Over—A Study of Reactions of 
Employees in a Group of Companes Pp m+35 London 
National Institute of Industrial Psychology, 1963) Two 
surveys were made one shortly after the take-over, and 
a simular survey about a year later At the tıme of the 
first survey, people were anxious about their jobs and 
imitially excited rather than despondent about the future, 
and willing to co-operate rather than tending to resist all 
change. The Institute comments that even if few changes 
are intended, ıt 1s better to explain the nature of those 
that are mtended than to say there will be few Em- 
ployees will be reassured more by knowledge of the 
direction that affairs will take than by general expressions 
of benevolence The results of the second survey are 
treated with more reserve, and a particular distinction 18 
suggested between the purposes of take-overs On the 
whole, views about the effects on companies and on 
products and customers remamed favourable Ignorance 
of the procedure by which a take-over ıs conducted was 
widespread a circular which explamed this procedure 
and its reasons could help to allay the suspicions to which 
misunderstandings lead 


British Aid to Developing Countries 


A FURTHER pamphlet ın the seres of mdependent 
factual surveys of British aid bemg issued by the Overseas 
Development Institute, Ltd, reviews the main features 
of aid to developing countries, completing the picture 
given ın the White Paper issued m September (Britzsh 
Ard-—-1- Survey and Comment. Pp 63 London Over- 
seas Development Institute, Lid, 1963 3s 6d) 
Objectives, organization, financial assistance, technical 
assistance and, finally, education and traming, are dis- 
cussed ın successive chapters, and in the last three 
chapters the factual survey is followed by critical com- 
ments As regards objectives, attention 1s directed to 
the need for more public explanation and discussion of 
the more specific aims of aid if policy 1s to be deliberate, 
consistent and publicly supported On organization, 
establishment of a Ministry for Overseas Development 
with a senior Mmuster at its head 1s suggested This 
Mimustry would take over from the external affairs depart- 
ments the responsibility for policy-making and allocation 
of aid An Agency or service department, ıt considers, 
should be established to handle the technical aspects of 
aid, but policy would remam ın the hands of the present 
departments—-the Agency acting as adviser—while a 
senior Minister should be appomted to act as general 
overseer of aid and ıts spokesman The pamphlet 1s 
critical of some aspects of technical assistance, particularly 
emphasizing the need for an overseas career service and 
suggesting also a home-based technical advisory service 
Accordingly, ıt suggests that recruitment could be 
wmproved by making contracts significantly longer, and 
more attractive, and by more determmed efforts at 
making an overseas tour of duty an accepted part of a 
successful career On education, ıt questions whether the 
7 per cent of Government aid devoted to educational 
assistance represents the right order of magmitude It 
strongly urges the noed for more educational research, 
particularly m determinmg the priorities of need m the 
developmg countries and the relative efficiency, and 
actual costing, of various methods of educational assist- 
ance Apart from its value as a concise factual summary, 
the pamphlet ıs to be commended for 1ts constructive 
criticism which, except perhaps in the matter of organ- 
ization, 18 sound as well as unformed 
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Conservation of Nature and Landscape 


AT the second meeting of the Committee of Experts for 
the conservation of Nature and landscape, held in Stras- 
bourg durmg November 12-15, Mr J. P Harroy (Bel- 
gium) was elected chairman, and Mr W B Yapp (Britain) 
and Mr Z Bayer (Turkey) were elected vice-chairmen. 
The agenda meluded soil conservation and unwise use 
of land; preparation of a map of potential natural 
vegetation ım -European countries, water conservation; 
pesticides, sea pollution, criteria to be adopted for the 
selection of biotopes to be preserved in Europe and hst 
of these biotopes, plant and ammal species threatened 
by extinction, a European label for protected objects; 
protected areas ın Europe, education and mformation; 
national legislation on Nature conservation The Com- 
mittee of Experts asked the Committee of Ministers to 
recommend that member States (1) take care m pursuing. 
their forestry polcies and confer-planting projects to 
respect the principles of soil and water conservation ang 
to protect fish and game, (2) ensure the protection of 
unusual biotopes and the preservation of the character 
and harmony of the landscape whenever these are 
threatened by such projects, (3) take preventive measures 
to conserve aquatic hfe by roserving a strip of land on 
either side of water-courses where the natural vegetation 
must be conserved, (4) hasten the ratification of amend- 
ments to the 1954 International Convention for the pre- 
vention of Pollution of the Sea by Oil, and the provision 
of facilties for the reception of o1l residues in ports The 
Committee of Ministers was also asked to repeat its recom- 
mendatiorn to Governments to hasten the ratification and 
full appheation of the 1950 International Convention for 
the protection of birds The next session of the Com- 
mittee 18 scheduled for July 21, 1964 


Systematics 


Tre Institute for the Comparative Study of History, 
Philosophy and the Sciences was founded in 1946 to 
conduct research and other scientific work relating to the 
problem of human perfectability, or the factors that 
determme progress or retrcgression m individuals and 
communities Coombe Springs, the headquarters of the 
Institute, has been a laboratory for studymg ideas and 
methods directed to progress Some of the results of this 
experimental work have been published, and the desire 
to brmg this work before a wider audience has led to the 
decision to launch a journal, Systematics, which 1s intended 
to become the prmcipal medium for the publications of 
research work conducted by the Institute itself (1, No 1; 
June 1963 The Journal of the Institute for the Com- 
parative Study of History, Philosophy and the Sciences 
Pp 1-103 Kingston upon Thames Coombe Springs 
Press, 1963 Annual subscription 42s non-members, 
30s members Separate issues Ils 6d non-members; 
8s 6d members) The title has been chosen as expressing 
the fundamental notion of mtegration without rejection, 
which has been the guiding principle in the work at 
Coombe Springs For papers to be accepted for publication 
m the journal they must bear on the systematic hy po- 
thesis and show sufficient omgmalhty m content or 
treatment to contribute significantly to the better under- 
standing of human development they may deal with 
any branch of history, philosophy and science, ncluding 
psychology ‘Two numbers of the new journal have now 
been published ‘That for June 1963 includes, besides 
J Q SBennett’s paper on general systematics, A. M. 
Hodgson’s short paper on the education of technologists, 
describing a project of the Integral Science Education 
Research Group. The September 1963 issue meludes a 
paper, “Systematics of a Manufacturing Process”, based 
on a study by the late © E King, chief engmeer of: 
Vauxhall Motors, Ltd , and one by J G Bennett, “Geo- 
physics and Human History”, discussing some new hgh 
on Plato’s Atlantis and the Exodus : 
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Piston Gauge Pressure Measurements 


THE dead-weight piston gauge, also called the ‘gauge- 
- tester’, ‘dead-weight tester’, ‘pressure balance’ and ‘piston 
manometer’, can be used to measure pressure in terms of 
the fundamental units of force and area The piston 18 
inserted into a close-fitting cylinder, and weights loaded 
on one end of the piston are supported by fluid pressure 
apphed to the other end. The construction varies as to 
the method of loading, the methods of rotating or osel- 
lating the piston to reduce friction, and the design of 
the piston and cylmder Errors m the measurement of 
pressure with the gauge anise from failure to take into 
account the parameters of the mstrument or environ- 
ment, or from uncertainty as to ther measured values 
In National Bureau of Standards Monograph 65, J L 
Cross discusses the variables which affect the pressure 
measurement and presents a general equation and sım- 
plified procedures for the calculation of the pressure 
(Reduction of Data for Piston Gage Pressure Measurements 
By J. L Cross Pp m+9 Washington, DC Govern- 
ment Printing Office, 1963 15 cents) Uncertainty of 
the mass of the loading weights and of measurements of 
the effective area of the piston and cylinder 1s an obvious 
cause of error Less easily recogmzed sources of error 
are air buoyancy on the weights, fwd buoyancy on the 
piston, the value of local gravity, the force on the piston 
because of the surface tension of the fluid, thermal 
expansion and elastic deformation of the piston and 
cylinder, and the fluid heads involved In the various 
appendixes to the monograph, working equations, 
examples of calculations and guides for compiling cor- 
rection tables are given 


Farm Motorization, Consumption and Prices of Motor 
Fuels 


Development of Farm Motorization and Consumption 
and Prices of Motor Fuels in Member Countries 18 the 
title of a publication recently issued by the Organization 
for Economic Co-operation and Development (Pp. 96 
Paris Organization for Economic Co-operation and 
Development, 1963) It 1s essentially statistical in outlook 
although relieved by pertinent comments on developments 
of interest to all concerned with European trends in 
replacement of manpower by machmes in agriculture 
The report 18 divided into three sections (A) develop- 
ment of motorization from pre-war until 1960, (B) con- 
sumption of motor fuels used in agriculture from 1952 
until 1960, (C) development of prices of motor fuels from 
1950 until 1960 In the summary under (A), the main 
conclusions reached are that the number of farm tractors 
has steadily mereased commensurate with the equally 
steady decline ın available active agricultural (human) 
and draught animal populations In section (B), dealing 
with consumption of motor fuels in European agriculture 
during 1952-60, ‘ it can be stated that the merease 
by 61 per cent was less noticeable than the rise in the 
number of tractors by 161 per cent for the same period 
Consequently, the annual average consumption per tractor 
declined for the European OECD area as a whole from 
2,100 kg in 1952 to 1,600 kg m 1960 and that per horse- 
power from 82 kg to 66 kg accordingly” It 1s thought 
that the future tiend will be slowed down because farmers 
wil make a wider and more efficient use of their modern 
tractors annually compared with past years As regards 
prices for motor fuels used in agriculture in countries 
covered by this report, the conclusion is reached that 
farmers’ expenses for this vital factor in therr economy 
are increasing annually, reachmg ım 1960 the somewhat 
staggering total of about 491 mulion US dollars, 
naively described as *  . rather an important cost 
factor of agricultural production” 


Mineral Dust in Industry 


THE proceedings of a symposium, Mineral Dust on 
Industry, which was held ın the laboratories of the British 
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Ceramic Research Association, Stoke-on-Trent, durmg 
December 19-21, 1961, have recently been published 
(Pp v+153 London H.MSO, 1963 228 6d net) 
The symposium was sponsored by the Department of 
Scientific and Industrial Research which 1s showing 
increasing interest m dustrial health, which 1s not 
unreasonable because of the close relationship between 
health, the human working environment and the engm- 
seorng, physics and chemistry of the processes and pro- 
ducts which are bemg handled In the symposium are 
papers on pneumoconiosis (dust disease of the lung) in the 
pottery and foundry mdustries The latest magio word 
‘parameter’ comes up ın & description of the biological 
significance of dust parameters but, happily, there 1s no 
excess usage of the word ‘integrate’, The sampling and 
control of dust and technicalities of instrumentation are 
dealt with, as also are ventilation of dusty shops, the 
design. of protective clothing for the workpeople, and the 
amount of disability which they may suffer if they breathe 
in dust for long enough The title of the booklet 1s a 
little wide for its subject range, ın view of the large areas 
of the problem unmentioned. The contents possess a 
medical bias rather than one of fundamental physics 
and chemistry, and the emphasis 1s a little on potteries 
It ıs mteresting to note that ın the study of dusts the 
physics 1s well ahead of the chemistry, and httle appears 
to be known, as yet, about what happens on the surface 
of a particle of dust when it 1s inside a biological cell 
The booklet ıs well charted and illustrated and will be 
useful for anyone with either a medical or technical 
interest in mimeral dust 


Nutrient Requirements of Livestock. Poultry 


THe first of the Agricultural Research Council’s pam- 
phlets on The Nutrient Requirements of Farm Lrvestock 
has recently been published (No 1 Poultry—Summary 
of Recommendations Pp. v+50 London: Agricultural 
Research Council Obtaimable from HMSO, 1963 
2s d) It covers the needs of “all those tame birds 
reared for their flesh, eggs or feathers, and provides some 
information about the pheasant’. The intention 1s that 
the Summary shall be brought up to date periodically, and 
that Technical Reviews will detail the mass of material 
now abridged Although special attention has been paid 
to conditions mn the United Kingdom, and therefore to 
British experiments, the recommendations differ little 
from those of the US National Research Council since, 
indeed, American studies predommate overwhelmingly in 
this field. Feed compounders and farmers will not, there- 
fore, gam an immediate advantage from this statement 
However, since each section provides a precise and careful 
examination of present-day knowledge, ıb exposes the 
deficiencies of available information and should stimulate 
work in these areas Subsequent issues should profit from 
this so, too, should research workers, teachers and 
students, who will also be grateful for the comprehensive 
sectional bibliographies To-day, the poultry industry 1s 
changing rapidly both with respect to the breeding of 
the birds ıb exploits and in 1ts husbandry techniques It 
can be anticipated that its most costly item, feeding 
stuffs, will be improved concurrently, and that this pam- 
phlet wil be a standard reference pomt in this develop- 
ment 


Folklore in French Canada 


Bulletin No 182 of the National Museum of Canade 
describes the work of recording folk traditions m the 
Islands of Samt-Pierre and Miquelon (Sait-Prerre et 
Miquelon Une Mission Folklorique aux îles Pp 192 
Par Carmen Roy Ottawa Imprimeur de la Reme et 
Controleur de la Papeterie, 1963 3 dollars) A descrip- 
tion of the area, its history and economy, and its people, 
introduces the major portion of the Bulletin, which con- 
siders the traditions under various headings, meluding 
place-names, customs and behefs, stories and songs Full 
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transcriptions are given where possible The overall work 
18 an outstanding contribution to folklore studies, and 16 
18 hoped to extend this to other areas which also form a 
part of the Acadian group of French Canada 

Bulletin No 188 of the National Museum of Canada 
describes the moulds of early historic tumes im Quebec 
(Les Moules du Québec Pp vut+141 (75 plates) Par 
Robert-Lionel Seguin Ottawa Imprimeur de la Reine, 
1963 250 dollars) This ıs the first in a series of Bulletens 
d’Hrstowe The moulds are classified on the bams of 
function of their products, and represent the household 
equipment of a time when manufactured products were 
otherwise not available The most common are moulds 
for the shaping of food, maple sugar, butter and pastry 
Some of these wooden moulds are skilfully carved to 
produce animal and other figures Moulds for religious 
purposes, for the makimg of altar breads, are also meluded 
The itinerant tmkers’ moulds melude sets for religious 
figures and domestic objects such as spoons, goblets and 
buttons The report is well illustrated, and documented 
Typical household sets might well have been grouped or 
listed together Further Bulletins in this series should 
continue to provide more msight mto the way of life of 
seventeenth to nineteenth century Quebec 
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Archzology tn South Africa 


Tax South African Archeological Bulletin for June (17, 
No 66, 1963), which has recently been published, con- 
tains a number of interesting articles Dr J T Robmson 
deseribes at some length the Sterkfontem stratigraphy 
and the significance of the extension site, and later, m 
part 2, R J Mason describes the tools found, both parts 
are well illustrated So much has been said about this 
site, where almost the earhest works of man have been 
found, that ıt 1s admirable that m this number of the 
Bulletin a more or less complete account of the artefacts 
of these Austi alopithecines, as well as of where they lived, 
is now easily available In a supplement to the Bulletin, 
R J Mason pays tribute to the work of the late C Van 
Riet Lowe and lists his principal publications durmg the 
period 1922-57 There ıs also a report on the Research 
Unit of the University of the Witwatersrand, to which the 
Archeological Survey has been transferred 


The American Society for the Study of Sterility 


THE folowing three awards will be presented at the 
annual meeting of the American Society for the Study of 
Sterilty to be held at Bal Harbour, Florida, durmg May 
15-17, 1964 The Ortho Medal and a sum of 1,000 dollars 
will be awarded to a recipient selected by the Awards 
Committee of the Society on the basis of his outstanding 
contributions ın fertility and sterility or related subjects 
in recent years, The money 1s to be used by the recipient 
for expenses in visiting medical and research centres of 
his choice The Rubin Award, consisting of a certificate 
of merit and the sum of 250 dollars, will be awarded to 
the suthor(s) whose paper 1s deemed by the Awards 
Committee to be the most significant contribution among 
those appearmg ın the Sociwty’s journal, Fertility and 
Sterility, durmg the year 1963 The Carl G Hartman 
Grant-n-ard of 500 dollars will be awarded to the most 
meritorious research project im fertility and stenlity or 
related subjects, as chosen by the Awards Commuttee 
Applheations for the grant-m-aid should be sent to Dr 
Michael Newton, American Society for the Study of 
Sterihty, 2500 North State Street, Jackson 6, Mississippi, 
before March 15, 1964, from whom further information can 
also be obtamed 


The Night Sky in January 


New moon occurs on Jan 14d 20h 44m ut and full 
moon on Jan 28d 23h 23m The followmg conjunctions 
with the Moon oceur Jan 17d Olh Saturn 2° N , Jan 
17d 17h, Venus 3° N , Jan 20d 19h, Jupiter 4° N Venus 
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18 In conjunction with Saturn on Jan 9d 22h, Venus bemg 
06°S There is a partial eclipse of the Sun on January 14, 
invisible at Greenwich Mercury 1s a morning star, but 1s 
not well placed for observation Venus ıs an evening star, 
setting at 18h 30m, 19h 15m and 20h 5m on Jan 1, 15 
and 31, respectively Its stellar magnitude is —3 4, its 
distance decreases durmg the month from 128 to 111 
millon miles, and the visible portion of the apparent disk 
from 0 862 to 0786 Mars is too close to the Sun for 
observation Jupiter sets at 0h 20m, 23h 30m and 22h 40m 
at the begimning, middle and end of the month, respec- 
tively Its stellar magnitude 1s —1 9 and its distance 
from the Earth on January 15 ıs 470 million mules 

Saturn sets about two hours after the Sun, and conditions 
for observation are now unfavourable The Quadrantid 
meteors are active on January 3—4, the radiant being near 
RA 15h 28m, Dec +50° The Earth is at perhelion 
on, January 2, its distance from the Sun bemg 91 3 mullion 
miles 


Announcements 


A sympostum on “Major Weather Hazard Affecting 
British Agiiculture” will be held ın the Department of 
Geography and Anthiopology, University of Wales, on 
March 18 Further mformation can be obtamed from 
Mr J A Taylor, Department of Geography and Anthro- 
pology, Alexandra Road, Aberystwyth, Cardigans hire 

ales 


THe eighteenth annual symposium on fundamental 
cancer research entitled “‘Cellular Radiation Biology”, 
organized under the auspices of the M D Anderson 
Hospital and Tumor Institute, University of Texas, will 
be held m Houston durmg March 2-4 Further mformation 
can be obtamed from the M D Anderson Hospital and 
Tumor Institute, University of Texas, Houston, Texas 


Tue third European regional conference on ‘‘Electron 
Microscopy”, organized by the National Committee for 
Electron Microscopy of the Czechoslovak Academy of 
Science under the auspices of the International Federation 
of Societies for Electron Microscopy, will be held m 
Prague durmg August 26-September 3 Further mforma- 
tion can be obtained from the Organizing Committee, 
Albertov 4, Prague 2 


A. TWO-DAY course on ‘Expanded Plastics” will be held 
at the Bradford Institute of Technology durmg February 
6-7 The programme will include chemical aspects of 
expanded polymers; the physical and mechanical proper- 
ties of expanded polymers, developments in urethane 
foams, developments in expanded polystyrene, expanded 
polyvinyl chloride, expanded ebonite Further mforma- 
tion can be obtamed from R P Sheldon, Department of 
Chemical Technology, Bradford Institute of Technology, 
Bradford 7 


A. CONFERENCE on “Low and Medium Energy Nuclear 
Physics’, arranged by the Institute of Physics and the 
Physical Society, will be held ın the University of Sussex 
during September 9-11 Topics under consideration will 
include nuclear structure, electromagnetic and weak 
interactions, two nucleon potential and SBrueckner 
theory, nuclear reactions Further mformation can be 
obtaimed from the Administration Assistant, the Institute 
of Physics and the Physical Society, 47 Belgrave Square, 
London, SW 1 


A. JOINT computer conference on “The Impact of the 
Users’ Needs on the Design of Data Processmg Systems”, 
arranged by the British Computer Society, the British 
Institution of Radio Engmeers and the Institution of 
Electrical Engmeers under the egis of the British Con- 
ference on Automation and Computation, will be held m 
Edimburgh durmg March 31-April 3 Further mformation 
can be obtamed from the Computer Conference Secre- 
tanat, Institution of Electrical Engmeers, Savoy Place, 
London, W C 2 
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POINT DEFECTS IN NON-METALLIC SOLIDS 


TAMONDS, graphite, oxides and phosphides, zeolites 
and alumuino-silicates all came up for discussion at a 
conference at Leammgton Spa organized by the British 
Ceramic Society through its Basic Science Committee 
durmg October 14-16, 1963 The wisdom of making 
the programme so wide as regards matenals examined, 
and so well defined in limiting the discussions to the 
properties of pont defects, was exemplified by the lve- 
lmess of the discussions and the encouraging overlap of 
the technical terms now current ın the field Despite 
the wide selection of materials the majority of the audi- 
ence was interested for the majority of the tıme From 
the point of view of a physicist, one of the most encourag- 
ing features was the growth of the recognition that the 
asic properties of any pure material need to be isolated 
from those deriving from the defects ıt contams This 
recognition has spurred on the production of purer 
materials for mvestigation Of course, the example of 
geri-conductors and the mmediate pressure of laser and 
maser requirements has given a real edge to these consider- 
ations, and the preparation of large, highly pure crystals 
of many halides and a few oxides ıs now possible 
There are two kmds of purity to be discussed for these 
iome substances, chemical contammation by extraneous 
material must be avoided, but also, perhaps less obviously, 
the proper proportions of the main constituents to produce 
a stoichiometric crystal must be maintained It was with 
two papers on this topic that the conference opened It 
was shown that careful density and lattice parameter work 
can give information on the numbers of vacant lattice 
sites, and that extra diffraction lines may betray complex 
ordermg behaviour of the defects The advantages of 
neutron diffraction over X-rays were brought out clearly 
by mvestigations of oxygon defects in compounds between 
UO, and U,0, Another paper ın this section showed how 
the electron microscope can identify small clusters of 
defects as mnterstitial atom groups rather than vacancy 
aggregates 
Tho difficulties of positive identification of mdividual 
defect centres in II-VI compounds were outlined, but the 
conference quickly settled down on the second day to 
detailed, discussion of recent experimental information on 
alkah halides, diamond, magnesia and rutile Most of 
these papers sought to set up models to account for the 
electron spin resonance or optical properties In diamond, 
magnesia and calcium fluoride, many of the optical bands 
have now been shown to have sharp, zero-phonon, hnes 
at the high-energy edge of the band Tt is often of good 
intensity and, ın one case at least, was split by application 
of stress to the diamond There seems no doubt that such 
lines will repay more detailed mvestigation than has been 
possible on the broad bands seen hitherto 
Coloration m rutile under iradiation has been investi- 
gated at Brookhaven Laboratories, but virtually no 
specific effects ın the optical spectrum can be identified 
A general small mse m absorption ıs all that has been 
geen m room temperature irradiation experiments on 
crystals of carefully controlled stoichiometry Photo- 
conduction peaks were, however, produced by neutron 
wradiation 
Impurity coloration due to cupric ion m a number of 
solvent crystals—ZnO, MgO and ThO,—was mterpreted 
as demonstrating marked, differences in the 10n’s electric 
levels m crystal fields of different symmetries The 
effects of tetragonal Jahn-Teller distortions from cubic 
symmetry were identified and values of the crystal field 
sphttmg parameter tabulated The explanation of the 


susceptibility of the cupric oxide crystal itself seems to 
demand some significant antiferromagnetic coupling of 
pairs of spins even in the paramagnetic state 

The next section of the meeting was concerned with 
atomic mobility m solids It was interesting to have 
some discussion at last of the role of anion vacancies 
and interstitials ın simple ionic crystals, and some expert- 
mental evidence that they could not be permanently 
ignored was presented ‘The analysis of diffusion mechan- 
ism has always been fruitful m identifying the most 
mobile of the possible atomic defects, and rb 18 most 
umpressive now to hear of the delicacy and accuracy of the 
experiments which allow the relative rates of motion of 
different isotopes to be followed The measurements on 
2Na and *4Na in sodium chlonde have shown again 
that the most exacting test 1s still satisfied by the 
idea that anion vacancy diffusion 1s dommant That the 
fluctuation ın the kinetic energy to carry the system to 
the ‘activated complex’ state resides mainly on the jump- 
ing atom 18 established by the closeness with which the 
basic rates are proportional to the square root of the mass 
ofthe jumping atom The discussion brought to light some 
interesting measurements from the Imperal College of 
Seience and Technology on the charges absorbed on 
dislocations, whch were interpreted as a measurement 
of the different partial supersaturation of positive and 
negative 10n vacancies in sodium chloride, and hence of 
their energies of formation. Despite some reservations 
as to the rigour of the argument, this seemed a promising 
new departure. Another short contribution from the 
same group showed how the temperature range, where 
diffusion rates are intrinsic, can. be extended ın the alkah 
halides by adding oxide or sulphate ions to depress the 
number of non-thermal free posrtive-ion vacancies The 
observed absence of a reduction m diffusion coefficient 
below the intrinsic line 1s hard to understand This section 
closed with an address dealing with the significance 
of the non-equmhbrium thermodynamic formulation of 
atomic mobility, which showed that, despite (or because 
of ?) its generahty, 16 was easy to fall mto error by failing 
to define carefully all the variables and their interdepend- 
ences For example, vacancy flux must be mtroduced 
with care since it can be deduced from atomic fluxes for 
some boundary conditions and not for others It was 
concluded that ıt was worth while to develop some 
feamilarity with the formation by translating the results 
of some atomic models mto the language of irreversible 
thermodynamics, before trying to use the technique in 
unfamthar situations 

Prof Barrer gave a succinct guide to the features con- 
trolling 1onie diffusion in various zeolite-type structures 
In some of these, wide contmuous channels exist and 
diffusion barriers are essentially electrostatic m nature, 
but m others, narrow pomts separate atomic cages, and 
repulsive forces come into play The connexions between 
surface chemistry, surface diffusion, and bulk diffusion 
became obvious, and the practical importance of mter- 
disciplinary conferences of this kind was again emphasized 
ın the minds of those present 

The intricate question of how 10m 18 a salt was raised 
by a paper on the mmr of the diffusion cell 
It was shown that the transport of charge durng 
diffusion of, say, aluminum atoms through alumina 1s not 
necessarily precisely that corresponding to the motion of 
Al*++ ions The actual value depends on the precise 
mechanisms of compensation of the charges of the defects 
responsible for diffusion 
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The final section related to the mechanical proporties of 
10m0 solids, as affected by pont defect The mtroductory 
lecture by Prof Pratt showed clearly that two main 
categories of effects could be considered, the direct offects 
of defects or thew aggregates, and the ındırect effect of 
the interaction of the defects with pre-existing dislocation 
or dislocations formed by mechanical deformation It 
appears that m some circumstances a main offect may be 
the indirect pinning of dislocations by their electrostatic or 
stress interaction with re-omentable dipole-type defects 
A short paper on sodium chloride with controlled concen- 
tration of divalent cations supported this view The nature 
of the relaxation of dipoles formed by trapped defects 
was discussed in group theoretical terms in the next 
paper, and ıt was shown that except for very short times 
a single relaxation time appropriate to nearest neighbour 
orientations of the defect ıs reasonably accurate 

The effects of wradiation on the plastic properties of 
sodium chloride showed a mse in yield stress, a tendency 
to smaller slyp-step heights and to sunultaneous slip on 
equivalent planes with suppression of kmking None of 
the changes was related to F-band colour, but V band 
and interstitial density were not checked The effects 
observed in the Youngs modulus of polycrystalline 
graphite after low-temperature electron irradiation ap- 
peared to be due to the pmning of dislocations, but no 
detailed mechanism could be proposed 

Electron microscope exammations have been made on a 
number of deformed and defective crystals The develop- 
ment of oxygen deficiency im titanium dioxide helps the 
annealing out of stacking faults by a mechanism which 
may well mvolve the dissolution of titanium interstitial 
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atoms, after condensation of oxygen vacancies has 
eliminated planes of oxygen The titanium imterstitials 
are in fact identified by colour studies. Other dislocation 
reactions have also been observed A separate group 
reported an increase in optical absorption associated with 
an increase in titanrum miterstitial content after high- 
temperature plastic deformation of an already oxygen- 
deficient titanium dioxide crystal, and also attributed 
this to ether stacking fault ehmmation or to dislocation 
chmb In view of the lack of structure m the optical 
absorption imvestigations, several comments wore made 
to the effect that an mcrease im titanium imterstitial 
content could not yet be accepted as proved Electron 
microscope exammations were also reported on plastically 
deformed Ti0, and annealing mvestigations poimted to an 
activation energy of some 5 5 eV for atomic mobility 

To sum up, this was a good conference to be at It 
brought together groups of people who meet too seldom, 
and showed agam the unity of the physical sciences 
It was the right size—about 120 people—and the pro- 
gramme was not so packed that ıt was unpossible to find 
a moment to talk to most of those one meant to The 
wisdom of holding the conference durmg university term, 
when many people found ıt hard to be away for three days, 
and when 1t was not possible to use the lecture theatres of 
& university, may be queried A proper lecture room 
18 really quite important, though not nearly so mmportant 
as the programme, content and participants I am sure 
the success of this meeting will encourage the British 
Ceramic Society to hold more meetings of similar kind 
to bring these neglected substances under regular scientific 
review. W. M. Lower 


MECHANISMS OF ADSORPTION FROM SOLUTION 


N informal discussion of the Faraday Society under 
the above title was held in the Department of 
Mechanical Engmeering, Imperial College of Science and 
Technology, durmg September 19-20, by kind permussion 
of Prof O A Saunders The meeting was attended by 
144 people, 81 of whom came from industrial organizations 
and 63 from academic institutions There were 16 over- 
seas visitors 
Su Emc Rideal opened the meetmg and, as the first 
item, Dr J J. Kipling (University of Hull) gave a review 
of the present position m this subject After outlmmg the 
man historical periods, and the progress which was made 
in each, Dr Kiphng discussed at some length the problems 
encountered when, instead of an adsorbing vapour, we 
have to deal with a two (or more) component liquid system 
The basic equation relating changes in the surface and 
bulk mole fractions of the components was given, and its 
relation to the Gibbs surface excess and the mdividual 
adsorption isotherms for the components was described 
The use of adsorption from solution for measurement of 
surface area was examined critically, and, in particular, the 
difficulty of selecting an appropriate cross-sectional area 
for the adsorbate molecule was stressed Tho difficulty 
of satisfactorily taking mto account locahzed site adsorp- 
tion was also discussed Finally, Dr Kipling mentioned 
the question of chemisorption of molecules from solution 
and. foresaw the problem well known m vapour adsorption 
of distmguishing between chemically and physically 
adsorbed molecules 
The first paper was given by Prof D H Everett 
(University of Bristol) and was entitled “Thermodynamic 
Models of Adsorption from Solution” The adsorption 
of the components of a binary hquid mixture on to a 
uniform surface was described in statistical mechanical 
terms and a new definition of the activity coefficients of 
the components ın the adsorbed layers was proposed 


Prof Everett showed that the “isotherm of concentration 
change’? may be markedly dependent on the nature of 
the solution concerned, for example, whether 1t 18 a regular 
solution, or contains molecules of different size The use 
of adsorption from solution for the determination of specific 
surface areas was mentioned and ıb was suggested that 
useful results could be obtamed from measurements of 
adsorption from mixtures of molecules of approximately 
the same size (for example, cyclohexane + benzene) 

This was followed by a paper on the “Thickness and 
Structure of Layers of High Polymers adsorbed from 
Solutions to Sohd Surfaces”, by F Rowland, R Bulas 
and Prof F R Enrich (Polytechnic Institute, Brooklyn, 
New York) The paper was given by Prof E:mch, who 
explained the difficulties and uncertainties of nvestigating 
the nature of polymer adsorption and then presented 
results obtamed prmerpally by observing the change m 
flow of hquds thiough sintered glass disks of known, pore 
size distributions and surface areas From an analysis 
of the hydrodynamics of the ‘system, the change m 
effective radius of the capillaries resulting from polymer 
adsorption was estimated Several polymers in different 
non-aqueous solvents have been exammed and it was 
shown that the film thicknesses were of the same order of 
magnitude as the diamoters of the free coils m solution. 
A detailed discussion was given of the nature of the 
adsorption isotherms, of their reversibility and of the 
influence of good and bad solvents. 

A contribution to the mvestigation of the adsorption of 
10onized polymers was made by J B Craig and Dr P 
Meares (University of Aberdeen) under the title “The 
Adsorption of Polyacrylates at a Charged Mercury—Salt 
Solution Interface’ Expermental data had been ob- 
tained from electrocapillarity mvestigations, and from 
derived thermodynamic relations, the surface excess _ 
concentrations of polyanions, counter-ions and co-10ns 
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were estimated The plot of surface excess of polyanion 
against increasing bulk concentration showed a maximum 
followed by a decrease to an almost constant value A 
detailed model was proposed to account for this and 
related phenomena which was based on configurational 
changes of the polyamions normal and parallel to the 
surface From the calculated co-ion surface excesses an 
estimate was made of the thickness of the adsorbed poly- 
ion film, this appeared, in some cases, to be greater than 
one monolayer 

On the following morning, under the chairmanship of 
Di J A Kitchener, Dr C H Guiles (University of Glas- 
gow) presented a paper on “The Association of Adsorbed 
Organic Solutes’”” The adsorption of a number of organic 
molecules, many of them dyes, on to a variety of adsorbents 
was described and compared with the surface area mdi- 
cated by p-mtrophenol adsorption The differences 
relative to p-mtrophenol were expressed as ‘coverage 
factors’, and ıb was shown that these factors bore a 
simple relation to the molecular weight of the adsorbate 
Tho ‘coverage factors’ were suggested to arise from the 
adsorption of the organic molecules as an aggregate or 
micelle Some direct evidence for such a phenomenon was 
presented, 

“Adsorption of Cyanine Dyes at Silve. Haldo Surfaces” 
was the title of a paper by Dr J F Padday (Kodak, 
Ltd} The surface areas of specimens of silver chloride, 
bromide and iodide were determmed from argon -and 
benzene vapour adsorption It was deduced that under 
conditions of close packing of the cyanme dyes at the 
ciystal surfaces the area per molecule of a given dye was 
different for the various hahdes From this evidence and 
from measurements of spectral reflectance the manner in 
which the substrate affected the state of the dye was 


* discussed 


The charman for the final session was Prof F C 
Tompkins In the first part Dr I T Smith (Paint Re- 
search Station, Teddington) gave a paper on “An Infra- 
red Spectroscopic Study of the Adsorption of Carboxylic 
Acids on Titanium Dioxide Pigments” After adsorption 
equilibrium had been established m each case, for a variety 
of carboxylhe acids m benzene in contact with several 
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different samples of titanium dioxide, the oxide was made 
into disks and exammed by absorption spectroscopy 
The results suggested that the acids were bound to the 
oxides, either through a carboxylate 10n, or by means of 
hydrogen. bonds Both types of bonding could usually be 
found for a given pigment It was found that on washing 
the oxide with ıts adsorbed molecules m pure solvent 
the hydrogen bonded molecules, but not perceptibly the 
ions, were removed Immersion in the omginal acid 
solution restored the specimen to its original state 

The meeting ended with an extended discussion on the 
adsorption of polar molecules on to metal oxides Dr J J 
Kipling and Dr E H M Wright mentioned that stearic 
acid molecules adsorbed from benzene on to silica lay 
flat on the surface, but on alumina and titan.um dioxide 
were approximately vertical They also showed that for 
stearic acid on titanium dioxide and alumina the adsorp- 
tion was close to that expected for a localized adsorption. 
on to lattice pomts Dr D A Haydon and P. T Dawson 
(University of Cambridge) descnbed the effectively 
irreversible adsorption at 20° C of formic acid from the 
vapour phase and steane acid from benzene on three 
different dry activated rutiles The possible reasons for a 
shghtly lower adsorption, in all cases, of steame acid 
relative to formic were discussed Both stearic and formic 
acids gave fractional coverages relative to mitrogen of 
approxunately 05 Dr G D Parfitt andI J Wiltshire 
(University of Nottingham) discussed the adsorption of a 
homologous series of aliphatic alcohols from xylene on to 
a puie rutile The amount of alcohol adsorbed showed a 
strong dependence on cham-length, bemg a mmimum at 
octanol Prof Everett commented that such behaviour 
might be expected fiom his theoretical treatment of 
adsorption The mmportant part played by adsorbed water 
on the rutile surface in the adsorption process was also 
stiessed 

Durmg the meeting ıt was announced that ıt was pro- 
posed to hold a further meeting durmg September 17—18, 
1964, in the Chemistry Department, University of Bristol, 
on the subject, “The Electrical Double Layer ın Surface 
and Colloid Chemistry” D. A. HAYDON 

R. H OTIEWILL 


METABOLISM AND PHYSIOLOGICAL SIGNIFICANCE OF LIPIDS 


IPID biochemistry is one of the scientific topics which 
have become prominent during the past fifteen years, 
due both to major technical advances easing their study 
and to fundamental observations showmg their import- 
ance Thus only part of the field could be surveyed at 
the advanced study conference on the motabolism and 
physiological significance of lipids, held at Cambridge 
during September 16~21, 1963, and supported by the 
Scientific Affairs Division of NATO, although about 150 
participants (from institutions ın sixteen countries, of 
which six do not belong to NATO) heard 38 formal dis- 
courses given at nme day-time sessions, besides two 
informal evening symposia, and were admirably provided 
by the orgamzers, Drs R M C Dawson and D N 
Rhodes (Gieat Britain), with time and electronic encour- 
agement for free discussion 
The first major topic was lipid biosynthesis Prof S J 
Wakil (United States) began by describing how animals 
form long-chain fatty acids Furst, a reductive synthesis 
of saturated acids from malonyl and acetyl coenzyme A 
gives mamly palmitate, ıb, or longer-chain acids, can 
then be oxidatively desaturated Secondly, ın the most 
recently examined process, acetyl coenzyme A provides 
two carbon atoms for the reductive cham-lengthenmg of 
saturated or unsaturated acids, thus palmitoleate gives 
cvs-vaccenate, now known to be an important component 
of ‘oleate’ 


Accordmg to Prof K Bloch (United States), some 
organisms form unsaturated acids anaerobically by the 
dehydration of hydroxy acids, but most do so aerobically 
Only green plants can make linoleate, which is then 
further dehydrogenated via «-linolenate, or, m animals, 
via y-lnolenate The route used and the type of com- 
pound lhpid produced by green euglenids depend on 
whether they are functionmg as plants or ammals 
Photosynthetic bacteria do not produce polyunsatur- 
ated fatty acids, which may therefore be specifically 
ee in plants’ oxygen-yielding type of photosyn- 
thesis 

Prof B Shapiro (Israel) said that synthesis of tri- 
glyce1ides by the labile enzyme systems of hver prepara- 
tions n vitro is greatly assisted by lecithin or by serum 
protems, and closely dependent on the concentration of 
a-glycerophosphate, which varies enormously under dif- 
ferent physiological conditions ın vwo and may therefore 
control the process 

Dr G Popjek (Great Britam) then showed how 
deuterrum-labelled mevalonate and tritium-labelled pyri- 
dine nucleotides of known absolute configuration have 
been used to establish the precise stereochemical speci- 
ficity of the reactions whereby mevalonate 18 converted 
via its pyrophosphate and isopentenyl, geranyl and 
modi te pyrophosphates into squalene, the precursor of 
steroids 
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Prof G V Marmettı (United States) had examined 
glycerol metabolism in rat liver homogenates, umportant 
products were dihydroxyacetone, phospholipids and 
glycerides. Adenosine triphosphate stimulated lipid bio- 
synthesis, with gh concentrations, the only lnpid formed 
was phosphatidic acid 

According to Dr R O Brady (United States), the first 
specific precursor of animal glycolipids ıs palmitaldehyde 
its acquisition from serine of one nitrogen and two carbon 
atoms and subsequent dehydrogenation yields sphingosine, 
which then reacts with uridme diphosphate galactose to 
form psychosine, reaction of an acyl coenzyme A with 
the amino group to form the amide then completes the 
biosynthesis of a cerebroside Higher glycolipids probably 
result from the addition of further sugars, etc, to the 
cerebrosides 

Dr J Asselmeau (France) then explamed how the very 
large and, complex molecules of the higher fatty acids of 
mycobacteria are formed by comparatively srmple mech- 
anisms, comprising moethylations, such as that of oleate 
to give tuberculostearate, the condensation of propionate 
residues with each other and with higher acids yielding 
the phthienoiec and mycocerosic acids, and finally, the 
condensation of long-chain «-hydroxy acids to give the 
branched-chain hydroxylated mycolic acids of nearly 90 
carbon atoms 

Two plant fatty-acid-formmg systems described by 
Prof P K Stumpf (United States) resembled animal 
mechanisms examined by Prof Wakil, one synthesized 
saturated acids from malonyl coenzyme A, while the 
other lengthened the carbon cham of assorted acids, 
ricinoleate being one product Thirdly, the safflower seed 
made linoleate from acetyl rather than malonyl coenzyme 
A, a single gene controlled the synthesis of linoleate 
instead of oleate ` 

Discussion of the further metabolism of Lpids began 
with an exammation of the enzymatic hydrolysis of fats 
Dr P Desnuelle (France) has developed a simple and 
efficient means of purifying pancreatic lipase, 1b requires 
finely emulsified water-insoluble «-glycemdes as sub- 
strates, and the hberated fatty acids prevent long-cham 
8-monoglycerides also produced from isomerizing to 
“%-monoglycerides, which would be poor substrates for 
mucosal fat re-synthems Any short-chain §-monogly- 
cerides, however, isomerize and are destroyed 

Prof L L M van Deenen (Holland) went on to describe 
how the unambiguous synthetic work of his laboratory 
has firmly establhshed the specificities of the phospho- 
lipases, which can now safely be used to elucidate the 
structures of natural lipids Thus ıt has been shown 
unequivocally that the plasmalogens and the batyl or 
chimyl phosphatides are «’-glyceryl ethers, not B-glyceryl 
compounds as first thought, agam, all phospholipases 
attack phosphatidylglycerol C, yielding a diglyceride and 
D-a-glycerophosphate 

The substrate specificities of several phospholipases 
have been shown by Dr R M C Dawson (Great Brtaim) 
and his colleagues to be matters not only of chemical 
structures but also of micellar surface charges, which can 
be measured as electrophoretic mobilities and regulated 
with suitable counter-ions This can even be demonstrated 
with the specific phosphatases attacking the polyphospho- 
mositides, which are virtually water-soluble 

The unusual metabolism of these very polar compounds 
in animal tissues was then discussed by Dr J N Haw- 
thorne (Great Britain) They probably arise from the 
phosphorylation of monophosphoinositide, which is n 
turn formed by a unique reaction between cytidme 
diphosphate diglycemde and free mositol A possible 
function of the mositol phosphatides may be the transport 
of drvalent cations across mitochondrial membranes 

The gaps m our knowledge of the metabolism of 
plasmalogens were then exposed by Dr E F ‘Hartree 
(Great Britain), the fatty acid of cholme plasmalogen 18 
æ major source of energy for mammalian spermatozoa, 
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but little 1s known about the enzymatic rupture and syn- 
thesis of the «’-l-alkenyl ether bond It seems to be 
formed fiom a long-chain acyl-coenzyme A, yet such 


compounds can be reduced enzymatically giving free alde- - 


hydes which are not incorporated into plasmalogens 

At an mformal and hvely symposium that evening, 
many examples were given of the great but mysterious 
physiological importance of the structures of certan fatty 
acids, which is only partly exphcable by thew physical 
properties but also depends on the particular lipids in 
which they occur. 

The conference next examined the digestion and absorp- 
tion of fat- Prof B Borgstrom (Sweden) explained how 
triglycerides are emulsified by bile salts and digested by 
pancreatic lipase to give free fatty acids and B-mono- 
glycerides, this mixture 1s readily absorbed, helped by 
the re-synthesis of fat ın the mucosa In the absence of 
bile salts lipase itself catalyses triglyceride synthesis 

Dr G H Hubscher (Gieat Britam) then outhned two 
other and probably more important processes of mucosal 
fat re-synthesis, both requuing coenzyme A for the 
acylation of «,8-diglycerides, which arise either directly 
from 8-monoglycerides or by enzymatic dephosphorylation 
of phosphatidic acids produced by acylation of L-a-gly- 
cerophosphate The phosphatic synthesis needs two new 
co-factors, one thermolabile, the other probably related 
to carnitme 

Quantitative ideas of fat absorption and transport in 
vwo have, according to Dr A M Dawson (Great Britain), 
been seriously distorted by technical difficulties of 
measurement It now appears both that free glycerol can 
be an important source of glycerophosphate for mucosal 
triglyceride re-synthesis, and that up to a third of the 
long-chain acids of mgested fat pass mto the portal vem 
in the free state i 

Drs W M F Leat and T Gillman (Groat Britam) then 
dealt with the absorption, transport and clearance of fat 
by ruminants, they absorb neutral fat poorly and cannot 
tolerate 10 as an intravenous emulsion, but readily absorb 
free fatty acids which are then kept at a steady level in 
the plasma by hormonal regulation. 

The conference then turned to 1ts second major theme, 
the physiological sigmficance of lipids ın the general 
economy of animals and bacteria, beginning with a 
session devoted, to large-scale events ın living animals 

Dr D 5 Robinson (Great Britain) began by suggesting 
that only a small amount of fat 1s supplied to tissues by 
mammalhan blood as free fatty acids, smce a large pro- 
portion af any available are rapidly converted by the 
liver into plasma hpoprotem triglycerides, the latter are 
readily used by the tissues after hydrolysis by lxpoprotem 
lipase, which 1s probably m the capillary endothelium and 
is controlled’both by the tissues’ needs and by the supply 
of fat 

Even m rummants, said Dr E F Annison (Groat 
Britam), isotope dilution experuments have shown that 
glucose 1s the main substrate for respiration ın vwo, long- 
chain fatty acids are used anabolically, as m other animals, 
although acetate 1s oxidized to some extent 

Dr R G Macfarlane (Great Britain) summarized the 
confused history of theories connecting lipids with blood 
clottmg Two stages in this very complex process still 
appear to requmre lipids, even after the ehmimation of 
misleading phenomena such as non-specific ‘contact 
activation’ and the massive thromboses produced by free 
fatty acids The lypids’ micellar surface chargos seem to 
be more mmportant than thew chemical structures 

Ruminants have pecuhar depot fats because, said Dr 
A G Garton (Great Britain), all the fatty acids which 
they absorb arise exther by microbial alteration of the 
dietary lipids or by digestion of the ramen micro-organisms 
themselves The former process yields short-chain. acids 
from glycerol and galactose, and partially hydrogenated 
and isomerized long-chain acids, branched-chain acids 
are derived from bactenal protoplast membranes. 
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The ruminant’s milk fatty acids, on the other hand, 
have, according to Prof G Peeters (Belgium), been shown 
by recent experrments wn vivo, and with perfused isolated 
udders, to be mostly synthesized from blood acetate, with 
a, small contribution from propionate, long-chain acids, 
however, can be obtained from the plasma’s scarce bri- 
glycerides, but will only exchange with its free fatty 
acids, without net uptake 

The next session was concerned with the locations and 
properties of lipids ın the surfaces and internal parts of 
cells Prof W Bartley (Great Britam) described the 
lipid compositions of the mtracellular organelles of rat 
liver and brain The fatty acids are characteristic of the 
lipids rather than of the organelles, except that ‘essential’ 
fatty acids are unusually abundant ın mutochondrial 
eardiolipids, which may be functionally mmportant, bemg 
the only mutochondrial lpids remainmg in oxidatively 
phosphorylatmg ‘digitonim particles’. 

Possible structures of anımal cell membranes were then 
discussed, Drs J A Lucy and J T Dingle (Great 
Britam) demonstrated that certam hpid mixtures could 
give electron micrographs showing hexagonal arrays of 
uniform spherical micelles, on the other hand, Drs. A D 
Bangham and R Horne (Great Britam) had obtamed 
pictures confirmmg the more usual idea of a lamellar 
structure 

Dr. M G Macfarlane (Great Britain) then surveyed 
the lrpids of bacterial protoplast membranes, which con- 
tam some unique compounds such as the phosphatidyl 
glyceryl ammo-acids and diacyl glyceryl mannose, besides 
resembling mitochondria both functionally and m bemg 
rich m acidic phosphatides Ther fatty acids are mostly 
saturated, but a large proportion have highly branched 
chains, and hence show physical resemblances to the 
polyunsaturated acids essential for higher animals 
‘ Drs L E and M R Hokin (United States) then 
described how secretory activity and the turnover of 
phosphatidic acid labelled with phosphorus-32 m avian 
pancreas or salt gland are reversibly stimulated by 
pancreozymuin or acetylcholine en vitro, when the hormone 
19 removed, the label goes to phosphatidylinositol This 
may represent the activation and mactivation of a sodium 
carrier by the conversion of phosphatidylnositol to phos- 
phatidic acid and vice versa 

The second evening symposium was devoted to a 
popular and stimulatimg discussion of recent progress mn 
the separation and analysis of lipids by chromatographic 
methods, with perhaps the greatest mterest bemg shown 
m thin-layer chromatography 

Some pathological and endocrmological aspects of lrpid 
metabolism were then exammed Dr C R C Heard 
and Prof B S Platt (Great Britam) reported some 
deleterious effects of low-protein diets on young animals 
With the worst diets, even a trace of casom was very 
beneficial, whereas extra carbohydrate led to obesity, 
cedema, fatty livers and low glucose tolerance, besides 
severe regression of the thyroid and, suggestively, of the 
B-cells of the islets of Langerhans 

Dr. K R Rees (Great Britain) then showed how 
another defect m protem metabolism may be the direct 
cause of the fatty livers induced by, for example, poisoning 
with carbon tetrachloride; the poisoned liver converts 
plasma free fatty acids mto triglycerides as usual, but can 
no longer return them to the plasma ın low-density hpo- 
protems Certam detergents, however, will move this fat 
into the bloodstream, thus preventing fatty hvors 

Prof W Fremkel (United States) had found that, on 
vitro, adipose tissue’s utilization of glucose for respiration 
and fat synthesis was greatly and unmediately stimulated 
by msuhn, the effect persisting somewhat after the 
hormone’s destruction, while thyroid slices treated with 
thyroid stimulating hormone oxidized more, not less, 
glucose when fatty acids were added, and mcorporated 
them into kephalms rather than triglycerides these 
effects resembled events in vwo 
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Dr G B Ansell (Great Britam) reviewed present 
knowledge of the effects of electricity and drugs on lipid 
metabolism m the nervous system, and described some 
experiments with chlorpromazine It was known to 
increase the turnover of phosphatidic acid and phos- 
phatidylmositol ın bram shees, but decreased that of 
Jecithm, probably by mhibiting the formation of cytidine 
diphosphate choline 

Leucocytes will ingest starch particles by phagocytosis, 
or, when stimulated by deoxycholate, inulin solutions by 
pinocytosis Prof M L Karnovsky (United States) 
reported experuments m which these phenomena, pre- 
sumably requrmg the formation of much new cell mem- 
brane and hence expected to stimulate phospholipid 
metabolhsm, were mdeed accompanied by six-fold m- 
creases 1n the turnover of phosphatidic acid, with smaller 
mereases for other acidic phospholipids 

The last afternoon session was devoted to the nervous 
system Prof R Rossiter (Canada) gave an account of 
the ability of bram to synthesize phospholipids ın vitro 
Preparations from young animals show the usual “Kennedy 
pathway’, as well as a base-exchange reaction mtercon- 
verting phosphatidylethanolamine and phosphatidyilserine, 
a decarboxylation of the latter, and an especially rapid 
synthesis of plasmalogens Phosphatidylmositol is rapidly 
formed from cytidine diphosphate diglyceride; di- and 
tri-phosphomositide are even more actively meta- 
bohzed. 

On the other hand, Dr A N. Davison (Great Britain) 
and his colleagues have confirmed that the myeln sheath- 
mung the larger nerve fibres of the central nervous system 
does not metabolize in adults, 1t has a neghgble enzyme 
content, and isotopically labelled cholesterol, cerebrosides, 
sulphatides, sphingomyelin, ethanolamme plasmalogen, 
phosphatidyl serme and proteolipid proteins, once laid 
down ın young animals, persist throughout hfe 

Prof R. H. S. Thompson (Great Britam) went on to 
outline the evidence for a possible explanation of the 
disappearance of myelin, normally so stable, from the 
lesions of disseminated sclerosis An observed. deficiency 
of essential fatty acids could cause mitochondrial failure 
in the metabolically active oligodendroglia, and hence cell 
lysis with the release of phospholipases, known to occur 
mn. brain and to form the myelnolytic lysolecithin, which. 
also lyses cells to release more phospholipase; this auto- 
catalytic process will stop only when the systems removing 
lysolecithin. regain. control 

Prof L Svennerholm (Sweden) then outlined the com- 
plex interrelations between the gangliosides of brain 
neurones, m connexion with Tay-Sachs disease. The 
infant victums’ brains accumulate excessive quantities of 
an unusually simple ganghoside, due to a deficiency 
either of the enzymes normally destroymg ıt or of 
those which would normally use ıt for the synthesis of 
higher ganghosides by attaching further galactose, 
N-acetylgalactosamme and WN-acetyl-neurammuic acid 
residues to ıt 

Prof F R N. Gurd (United States) opened the final 
meeting by demonstrating, from the structure of myo- 
globin, the spee:fic bonding of ‘lipids’, such as the non- 
polar groups of hem, with the globm’s non-polar amino- 
acid residues, which are collected together away from the 
protein’s polar regions 

Dr D. E Green (United States) went on to deseribe 
analogous properties of mitochondria, careful extraction 
with aqueous acetone leaves their protem skeletons mtact 
but abolishes their enzymatic activities, which can then 
be restored by treatment with aqueous emulsions of the 
extracted Lpids Lecithin will reactivate the dehydro- 
genases, but both coenzyme Q and acidic phosphatides— 
preferably cardiolpms—are needed for oxidative phos- 
phorylation, which seems to mvolve stoichometric 
reactions between the cytochromes and groups of the 
lipids’ polar ‘heads’, the hydrophobire ‘tails’ bemg attached 
to the non-polar regions of the protem skeleton. 


VOL. 200 


December 21, 1963 


Taken together with observations by other speakers, 
including Prof K Bloch, Prof W Bartley and Dr M G 
Macfarlane, Prof Gurd’s and Dr Green’s findings suggest 
one possible aspect of the ‘essential’ nature of particular 
fatty acids These acids are promment in the lipids of 
the main energy-yieldmg apparatus of the bacterial, 
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plant or animal cell, perhaps the non-polar regions of 
certain vital sections of the protem skeleton of this 
apparatus require specific structures m the hydrophobic 
‘tails’ of the lypids which must be present for full enzy- 
matic activity to be displayed 

G. H SLosane-STANLEY 


CHARACTERIZATION AND USES OF HUMAN DIPLOID 
CELL STRAINS 


SYMPOSIUM on “The Characterization and Uses of 

Human Diploid Cell Strams (HDCS)”, sponsored 
by the Permanent Section on Microbiological Standardiza- 
tion of the International Association of Microbiological 
Societies, was held m Opatija, Yugoslavia, during Septem- 
ber 24-26 Ninety-six delegates from 18 countries 
attended The sessions covered the followmg topics 
(1) The management of human diploid cell strains (2) 
Biochemical, cytogenetic and immunological studies on 
human diploid cells (3) Virus spectrum of human 
diploid cells (4) Production of human virus vacemes im 
human. diploid cell strains (5) Results of clinical trials 
on the use of vaccines prepared in human diploid cell 
strains - 

Many laboratorios receiving the human diploid cell 
strains reported ther success ın propagating the celis 
and attributed most of their early failures in handling 
these strams to vailations ın media constituents The 
colls showed, the classic normal human diploid karyotype 
until approximately the 40th cell generation 

It was reported that, at least for some loci, cultured 
diploid cells carry and express the genes of thew donor 
The human diploid cell strains retain the donor’s chromo- 
somal complement, they also mamtam biochemical and 
immunological properties of the dono: cells In a sense 
these observations are complementary, for they indieate 
at two structural levels an apparent genetic resemblance 
between the cultured cells and the somatic tissues of the 
host 

The numerous attempts to isolate latent viruses from 
these cells have been unsuccessful Dangers from extran- 
eous oncogenic viruses, inherent in the use of primary 
explants of animal tissue, are largely circumvented in the 
opmion of many workers when human diploid cell strains 
aie used for vaccine production 

Investigations on the virus spectrum of human diploid 
cell strains indicated their susceptibility to many viruses 
These strains were thought to be particularly valuable in 


work with the rhinoviruses which cannot generally be 
detected in other cell substrates Smee different human 
diploid cell strams vary in theu sensitivity to rhino- 
viruses, 1t was felt umportant to use the most sensitive 
strains 
Both hve attenuated and killed vaccines for parenteral 
moculation or oral administration have been made ın 
human diploid cell strains from poliovirus, rhmovirus, 
adenovirus, varicella, measles, vaccinia and rabies Follow- 
ing adaptation to human diploid cell strains, all viruses 
investigated were said to give yields equal to those in 
other cell systems Investigations with polovirus 
showed that they 1etamed their genetic markers when 
propagated ın human diploid cell strains 
It was urged that all laboratories usmg human diploid 
cell strains for vaceme production lmit themselves to a 
few standardized cell straimms, smee the use of a well- 
characterized tissue culture system ıs as logical and 
necessary as the use of a well-characte1ized virus to be 
propagated m this system 
Clinical investigations on a number of virus vaccines 
are in progress It was reported that an oral pohomyelitis 
vaceine produced in human diploid cell strains has already 
been successfully tested ın a large-scale field ti1al and that 
no untoward reactions have been noted ım 7,000 subjects 
who have received vaceme during the past two years 
It was also reported that such vacemes proliferated in the 
gastro-intestinal tract and elicited an antibody response 
On the basis of the investigations suggesting the feasibul- 
ity of large-scale production of virus vaccines m human 
diploid cells strams, a sub-commuttee of the conference 
drafted ‘““Minmum Requirements for Human Dyploid 
Cell Strains to be Used ın Vaceme Preparation” These 
requirements were presented to the symposium partici- 
pants and adopted at a plenary session 
LEONARD HAYFLICK 
FRANk T PERKINS 
ROBERT E STEVENSON 


SCIENTIFIC RESEARCH IN NEW ZEALAND 


HE report of the Department of Scientific and Indus- 

tmal Research, New Zealand, for the year ended 
March 31, 1963*, ınecludes the Minister’s statement, the 
1eport of the Council, the longer report of the Sec.etary; 
to which are attached brief reports from the various 
Divisions, the Incorporated Research Associations, and 
on granted-aid research in the Cawthron Institute, Lincoln 
College, Massey University College of Manawatu, and the 
Industrial Development Department, University of Can- 
terbury The fifth annual report of the Ross Dependency 
Research Committee ıs appended, to which, as to the 
Divisional reports, a lst of publications 1s attached The 
Council in its .eport reiterates the view that a much more 
comprehensive review of research 1s needed than was 


* New Zealand Report of the Department of Scientific and Industrial 
Research for the year ended 31 March, 1963 Pp 87 (H 34) (Wellington 
Government Printer, 1963 Y 3s 


given by the Royal Commussion on State Services, but 
supports the proposal to replace the present Council, 
which is advisory only to the Department of Scientific 
and Industrial Research, with a National Research Couneil 
responsible for advismg the Government on all aspects of 
research in Government Departments The new Council 
should be advised by a number of expert committees, 
but the Department of Scientific and Industrial Research 
must retain many of the existmg expert committees 
Research and development expenditure m New Zea- 
land m 1961-62 was still only 03 per cent of the gross 
national product or £1 9 per head of the population, the 
Department’s gross expenditure of £219 million beimg 
0163 per cent of the gross national product Staff at 
March 31, 1963, numbered 1,229, including 455 scientific 
officers, compared with 1,170 and 442, respectively, the 
previous year An increase of 60 in the staff has been 
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approved for 1963-64, as well as re-equipment of the 
Dominion Physical Laboratory over the next three years 
at an estimated cost of £120,000 

The Council’s report also notes the steady mmprovement 
m the educational qualifications of the Department’s 
sciontific officers, and the present staff now imeludes 17 
with a DSc degree and 99 with a PhD The senor 
resoarch fellowship programme continues to be most 
successful, and an increase in the number of awards fiom 
two to five 1s recommended Grants to research associa- 
tions in 1962-63 totalled £169,720, to umiversitics and 
agricultural colleges £37,070, and to the Antarctic 
Division £126,607 The highest ıtems in the total oxpendi- 
ture of £2,389,000 are £237,000 on the Dominion Labor- 
atory and £238,000 on the Dommuon Physical Laboratory 
The only other rtems exceeding £100,000 are £132,000 to 
the Geological Survey, £154,000 to the Geophysics 
Drvision, £114,000 to the Grasslands Division, £105,000 
to the Plant Diseases Division, and £137,000 to the 
Soil Bureau, but £90,000 went to the Crop Research 
Division 

The Seeretary’s report stresses the value of geochemical 
prospecting for, mineral resources m New Zealand and 
gives some details of the iron-sand mvestigations in 
North Island Field trials are demonstrating the excellent 
performance, under farm conditions throughout New Zea- 
land, of the new hybrid ryegrass developed by the Grass- 
lands Division over the past fifteen years The Plant 
Chemistry Division has been seeking to find a culture 
suitable for bacteria of lucerne, clover and trefoil Two 
enzyme systems which hydrolyse or decompose sucrose 
are now bemg mvestigated m some New Zealand soils, 
particularly under mtroduced pasture With tho prosent- 


NATURE 


VoL. 200 


December 21, 1963 


day retreat of the Franz Josef Glacier, the opportunity 
has been taken to examine the microbiology of a series of 
soils m process of formation from unweathered glacial 
detritus Besides investigations on the rate of chemical 
breakdown, residue and metabolism of demeton methyl. 
phosphamidon, guthion and dimethoate (Rogor) used to 
control aphids, a programme of research has been initiated 
with the view of mtegrating biological and chemical 
methods of controllmg pests 

An Australan method has been applied successfully in 
the ripening of peaches for canning to prevent loss from 
brown rot, and field trials have estabhshed the consider- 
able scope for mechanical so fumigation in New Zealand 
Immediate rehef from the chironomid midge ın oxidative 
ponds has been obtained by the judicious use of msecti- 
cides, and there seems every prospect of a permanent 
solution of the problem Reference 1s also made to the 
work of the Botany Drvision m connexion with the 
control of noxious weeds and on the mcompatibility of 
plants A review has been prepared of the features of 
the Antarctic 1onosphere durmg calm and disturbed 
conditions, and the effect of y-rays and X-rays on certam 
sugars has been exammed with an electron spin rosonance 
spectrometer Five narrow-angle Geiger tube telescopes 
have been installed at the Institute of Nuclear Sciences to 
investigate the daily variations m the mtensity of cosmie 
rays commg from outer space, while mdustral research 
has shown that high-grade rayon pulp can be made from 
Pinus radiata, which can be used to manufacture dis- 
solving pulps A simple and effective mstrument has been 
developed for comparimg reflexions from opposite surfaces 
of sheet glass and thus give a measure of its ‘waviness’ or 
distorting properties. 


TALENT FOR TO-MORROW 


BOW Group pamphlet, Talent for Tomorrow*, by 
R Smith and R Eddison, arguing that any policy 
of reform of ngher education must be based both on a 
thorough understanding of the way m which the present 
system works and on some attempt to estumate what will 
be required of 1t m the future, discusses the problem m 
the hght of higher education as a determmuing factor m. 
the character and effectiveness of prmary and secondary 
education It ıs m the universitios and colleges that 
teachers are taught the fundamentals of thew profession 
Such institutions act not only as a vital factor m our 
economic potential but also as a moans of providing a 
haven for older men to think as well as for younger 
men to learn Educational policy is not simply a 
matter for Cabinet discussion and a few crucial decisions 
at the top it depends on many decisions at many 
levels, and, while arguing for closer mtegration of the 
political machinery at the centre, the pamphlet also insists 
on the need for considerable devolution ın policy making 
Surveying ın the first of the four chapters of the pam- 
phlet the national need, the Bow Group maimtains that 
the major problem in the next twenty years, given con- 
tmumg economic growth, will be that of educating men 
and women to a high enough level, and, allowing some 
7—10 per cent places for overseas students, as at present, 
it estimates that in 1980 some 630,000 places will be 
required m full-time higher education, including 320,000 
m universities These figures compare with 560,000 and 
346,000 in the Robbins Report (Nature, 200, 925, 1963), 
and would provide an annual entry of about 180 000 
home students, mcluding 72,000 to universities, and about 
16,000 overseas students 
The present pattern of opportunity 1s considered m the 
second chapter, which leans very defintely towards 


*Talent for Tomorrow (A Bow Group pamphlet 68 (London Bow 
Publications, Ltd , 1963 \ de p pamphlet ) Pp ( o 


10,000 as a reasonable maximum size for a university, 
and stresses the need for careful preparation before 
institutions are given the right to confer degrees It 
suggests that three of the colleges of advanced technology 
should be selected for promotion, providing, with the 
Manchester College of Science and Technology, the 
Imperial College of Science and Technology, and the new 
University of Strathclyde, six technological universities 
which could lead the way m trymg out new ideas in 
technological education The remaming colleges of 
advanced technology would keep thew present status, 
but no immediate change in the status of the teacher 
training colleges 1s proposed By 1980 the technological 
universities would have some 70,000 students, and thero 
would be 170,000 ın the regional colleges of technology 
and commerce and 140,000 m the professional and teacher 
training colleges In the 1970’s the opportunity to found 
another 6-10 universities would be welcomed as well as 
more professional colleges and colleges of technology 
Emphasis 1s laid on the danger of drawing staff from 
secondary schools ın this expansion and on the importance 
of promoting greater mobility of employment between 
hıghor education and other professions, meluding evl 
servants and industrial management Lower staff ratios 
in the universities seem inevitable but could be offset by 
employing more administrative, clerical and technical 
staff, by providing better library facilities and by a more 
imaginative approach to technical teaching aids, especially 
television The final chapter considers the financial 
expenditure involved as a national investment, urging that 
Britain must revise her scale of priorities where education, 
and especially higher education, 1s concerned, and be 
prepared to spend 1 5 per cent of her national meome on 
higher education. At this rate there would be no difficulty 
in meeting the cost of the expansion plans advocated m 
the pamphlet 
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pure oxides at controlled temperatures. Later, Doelter, 


of Rankin, Wright and Bowen at the Geophysical Labora- 
tory.in Washington, on binary and ternary silicate phase- 


knowledge of composition and structure of metallurgical 
“Slags. It was otherwise, however, with liquid silicates, the 
‘magma’ from which minerals in solid slags crystallized 
out. This complex problem appears to have been investi- 
gated by Vogt in 1902, but his conclusion that the erystal- 
line minerals found microscopically in a slag represented 
= those fundamental to the mother-liquor was later dis- 
proved by Schenck in the 1930's. Schenck’s thesis was 
- that knowledge of the crystallized compounds found in 
- slags was of little value as a guide to their behaviour ir the 


liquid state. The coneentration of oxides of lime, iron and 
- silica in a slag gives no clear indication of its chemical 
‘properties because of the ramified chemical changes 
_ oecurring when thoy react to form a solution. Later 
work by Sauerwald and Neuendorff in 1925 demon- 
-strated the ionic nature of liquid silicates by causing 
_ deposition of metallic iron from an iron-silicate melt by 

electrolysis. 
~ dn a stimulating article by J. B. Henderson of the 
_ Department of Physical Chemistry, Central Research 
Laboratories, the Broken Hill Proprietary Co., Ltd., 

Australia (Technical Bulletin, 1, No. 2; July 1963), the 

present-day theories of the constitution of liquid silicate 

slags are reviewed and their limitations clearly defined. 
_ Although brief, this article gives an indication of the tech- 

nique now being applied in contemporary studies in the 
elucidation of the structure of the more complex silicate 
slags. Henderson comments: “Until recently little inter- 


idle, now a commercially available 
ires very high precision in 
| that the optical fibres be 
controlled array such that the 
re with respect to the others is main- 
Ly cases, there are hundreds of millions of 
sin a given bundle. The manufacture, 
d assembly of optical fibres are major 
ical problems which have been overcome by a 
of manufacturors. l 
ly published work on fibre opties by Baird, 
2. and Lamm? described devices for transmitting 
vith bundles of bare glass fibres. 
arly 1950s, fibre optics was essentially redis- 
en’. Their work is important in the develop- 
gy. They realized tho need for 
low index cladding between the 
ced structure. 
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E E investigation of steel-making slags goes back 
< A probably to the 1880s when Fouqué and Lévy 
experimented with synthetic minerals made from fusion of 


“Vogt and Tammann carried the work a stage further in 
their investigations of silicate phase-diagrams. The work 


diagrams, is well known and contributed much to our 


‘mostly opaque in the bead thickness of approximately 
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STRUCTURE OF LIQUID SILICATE SLAGS 


est has been evinced in these liquids. oT oro ar 
reasons for this: in the first place, it has p 


difficult to study these melts under well-c 
tions in the laboratory, owing to. the la 
fractories and the tiresome techniques inv 
second, these liquids are themselves so 
theoretical prediction of their structure hag 
impossible”, a aa an o o 
Such knowledge as we have to-day of liquid sili 
essentially founded on the X-ray results of researc 
















The complexity of this problem of the constitution of 
liquid silicates is hero clearly demonstrated. Present-day 


theories may help to explain ‘qualitatively’ the nature of 


binary melts, but ‘quantitatively’ they cannot be de- 
scribed nor can the structure of melts of more complicated 
compositions be predicted. These demand individual 
investigation and many different types of measurement are 
needed. The approaches to such research now in train in 
the Broken Hill Proprietary Company's Laboratories 
include X-ray, neutron and electron diffraction, absorption 
spectroscopy, electrolysis, ultra-sonic absorption, density, 
eryoscopy, refractive index and vapour pressure, . 
H. B. MILNER 


FIBRE OPTICAL PROPERTIES OF ULEXITE 
By Mes. E. J. WEICHEL-MOORE and Dr. R. J. POTTER 


Thomas J. Watson Research Center, Yorktown Heights, New York 


Since that time, much has been published. on the pre 
erties of clad optical fibres and the applicat 
fibre bundles. It is significant, however, 
virtually no important application of fibre oy ae 
cladding has survived. Actually, the t ofo 
assembling and drawing glass fibre bundles was developed 
by glassmakers in Palestine’ in the first centu c. 
They assembled fibres of coloured glass in the for E 
portrait, fused the fibres together, and drew the resulting 
rod to reduce the portrait in size. The rod 
















ods were then 
cut into cross-sections, polished, and pierced to be used as 
beads. We thank Dr. Dietrich von Bothmer, curator of 
the Greek and Roman Department of the Metropolitan 
Museum of Art in New York City, for his co-operation in 
affording several of these ancient beads for microscopic 
examination; they were found to be remarkably -weli 

ade are 


fin. x } in. The fibre structure was eliminated in the 
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Fig. 1. Image transfer of ulexite fibre bundle 


process of fusion so that the final product is not fibre 
optics, although the fabrication process is presumably 
essentially the same as the modern method. 

With all due respect to the ancient and modern tech- 
nologies, the purpose of this article is to describe a material 
known as ‘ulexite’, found in Nature, which has precisely 
the same optical properties as a man-made optical fibre 
bundle. Nature has found another way of solving the 
cladding problem and has been equally successful in solv- 
ing the orientation problem. Ulexite fibre bundles are 
capable of good resolution and exhibit little ‘cross-talk’. 

Ulexite is a fibrous mineral with the chemical composi- 
tion, NaCaB,O,-8H,O (ref. 9). Ordinarily, the fibres 
mat together in an aggregate resembling a cotton ball. 
However, a variety of ulexite is found at Boron, California, 
in which the fibres are oriented in parallel bundles. Much 
of the material is pearly and translucent, but some i8 
transparent and of optical quality, yielding samples of 
‘natural fibre optics’. A small bundle of ulexite, approxim- 
ately 45 mm in thickness, has been cut and polished 
perpendicular to the fibre axes; it is able to transmit an 
image with remarkable clarity, as shown in Fig. I. 

The existence of this variety of ulexite and its fibre 
optical properties have been known for several years", 
but the phenomenon has not been deseribed in detail. 
The apparent lack of a low refractive index 
cladding on the fibres might cause one to 
believe that the numerical aperture and 
resolution would be low and subject to the 
same problems which existed in the early 
fibre bundles. In fact, however, ulexite 
has a respectable numerical aperture of 
~ 0:3 and a resolution in excess of 10 
lines/mm. In essence, the fibres are cladded 
beeause of the random, optical orientations 
of nearest neighbours. 

The mineral is triclinic®, elongated on the 
c axis. Fig. 2 is a photomicrograph of a 
ulexite fibre bundle taken between crossed 
polarizers at a magnification of fifty. 
The adjoining 0-001-in. scale was taken at. 
the same magnification. As the photo- 
graph shows, there is tremendous variation 
in the size and shape of the fibres. Optic- 
ally, the crystals are biaxial positive’. 
The orientation of the fibres around the 
c axis is completely random, as shown by 
the variation in extinction between crossed 
polarizers. X-ray photographs have been 
taken by Takeda and Donnay“ of a 
sliver of the fibre bundle. Their rotation 
photographs, taken about the fibre axis, 


show that the fibres are perfectly parallel Fig, 2. 


along the ¢ direction. It would be interesting to ascertain 
the growth conditions which led to such perfect orienta- 
tion. | 

According to Larsen and Berman”, later confirmed by 
Murdoch"!, the refractive indices of ulexite are a = 1-491, 
B = 1-504, y = 1-520. Tho intermediate index, 8, shows 
some variation in orientation with respect to the c, or 
fibre, direction. When y A ¢ = 0°, B coincides with the 
fibre axis and the limiting refractive indices in the fibre 
cross-section are « and y. 

Sinee the orientation of the fibres is random about the 
fibre axis, it is possible for the y direction of a given fibre 
to be adjacent to the «œ or «’ direction of a neighbouring 
fibre; that is, a fibre boundary separates a high- and low- 
index material. The maximum possible index difference 
is y — « = 0-029. Using this value in the expression for 
the numerical aperture of a perfect, circular, non- 
birefringent fibre, we calculate a meridional numerical 
aperture of 0-30, This corresponds to an angular aper- 
ture in air of 17-5". 

Actually, the numerical aperture will vary from fibre 
to fibre depending on the mutual orientations of the high 
and low refractive index directions at the fibre boundaries. 
Moreover, the numerical aperture will vary with direction 
in a single cross-section, since the high index direction, Y, 





Fibre cross-section of wlexite, crossed polarizers (x 50; 0-001 in. sesle) 
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Fig, 3. a, National Bureau of Standards, 10lines/mm (».¢.15}; 6, image 
transfer of National Bureau of Standards, 10 lines/mm by ulexite fibre 
bundle (x e, 15) 


can be clad by a lower a or g direction, but the x direc- 
tion cannot be clad by a neighbouring fibre, since there is 
no lower index available. The numerical aperture of the 
bundle is a statistical average of the numerical apertures 
of the individual fibres. 

The rays associated with the unelad « direction will 
always leak into the neighbouring fibre and will thus be 
unavailable for image transmission in the parent fibre. 
Rays in higher index directions which are not appro- 
priately clad by a neighbouring fibre will be similarly lost. 
This can be clearly seen by illuminating the fibre bundle 
with linearly polarized light and rotating either the 
polarizer or the sample. The transmission of each fibre 

varies with respect to its orientation relative to the polar- 
azer, that: is, with index direction. 

unpolarized light, the overall transmission of each 

ss-talk between neighbours depend on 

vs which are appropriately reflected at 
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the fibre boundaries. Because of the random gore to 
cladding index difference between the limits 0-0-029, 
there will be variations both in the transmission of indi. 
vidual fibres and in the cross-talk between, neighbours. 
These effects are shown in Fig. 3a. 

The angular aperture of the ulexite bundle shown in 
Fig. 1 was measured on an Eichner goniometer. As in 
commercial fibre optics, when one observes an image on 
the end of the bundle, the transmitted image begins to 
blur as one exceeds the meridional numerical aperture. 
The numerical aperture of ulexite was measured by 
observing the angle at which the transmitted image began 
to blur. A subjective jadgment had to be made ; but the 
measurements were reproducible to + 1°. The technique 
was verified using a glass fibre bundle of known numerical 
aperture and experimentally determining the angular 
aperture. In this case, of course, the angular aperture 
was as predicted. The experimental measurement of 
18° + 1° for ulexite compares remarkably well with 
the theoretical meridional angular aperture of 17°5°. 
Since the fibres are highly irregular in shape. skew rays 
probably play an important part in image transmission 
and influence the average numerical aperture. Because 
of the skew rays", the effective numerical aperture of a 
circular fibre bundle has been shown to be larger than that 
predicted by the meridional approximation, 

A photomicrograph of National Bureau of Standards 
resolution chart with 10 lines/mm is shown in Fig. 3a. 
The photograph was taken at 15 times magnification, In 
Fig. 3b, the chart was photographed through the ulexite 
fibre bundle which was approximately 45 mm thick: the 
chart is just resolved. Variation in transmission. of the 
different fibres is evident from the photomicrograph, 
and, as one would expect, some of the fibres do not trans- 
mit at all because they are, in fact, not fibre cores but, 
rather, fibre cladding. 

Although one cannot establish a ‘fibre diameter’, as 
one would in a commercial fibre bundle, the resolving 
power of ulexite is measurable, and the numerical 
aperture is both explicable in terms of optical properties 
of the material and capable of experimental verification. 
The discovery and study of ulexite show that it is possible 
to find in Nature a device almost as good as a man-made 
fibre bundle. 
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-RELATIONSHIP BETWEEN REFRACTIVE INDEX AND CONCENTRATION 
OF SOLUTIONS 
By F. A. GLOVER and J. D. S. GOULDEN 


National Institute for Research in Dairying, Shinfield, Reading 


CT is frequently pointed out in light-scattering and other 
_studies that the refractive index of a solution increases 
th concentration, only when concentration is 

of weight of solute per unit volume of 

mits? Inmany analytical applica- 










tions of refractive index measurements. concentrations are 
normally expressed in. terms of weight of solute per unit 
weight of solution, that is, w/w units, and conversion into 
w/v units requires a knowledge of the density of each 
sample. No theoretical justification for the choice of 
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concentration in w/v units, whereas equation (4) shows 
that a curvilinear relationship must hold when w/w units — 
are used. | 

As shown in Fig. 2, the published data for sucrose’ 
confirm these caleulations and similar results have also 
been obtained by Goulden‘ with condensed milk. 
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If at any given temperature the velocities of light in 





vacuum, solvent, solute and solution are to, Uy, Uy and Us 
respectively, the refractive indices of the solvent, solute 
and solution are given by 
Ug thy tig 
iy a le’ = tu. (1) 
‘4 3 3 


-Tn the unit cube the optical path lengths in the solvent 
‘and in the solute are numerically equal to F, and V,. 

Time taken for light to pass through the solution 

oe time through solvent + time through solute 


Vi Vs 


iy Ug 


Velocity of light inthe solution is therefore: 
Vij, + Valuy 
Hence: 
oa tol Vilt + Vajta) 
Vi + V, 


i -Using (1) to eliminate Ug, by and ty: 
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If the. w/v solute concentration is cy and the density of the 


Rg = 


solute in the dissolved state is p, at the same temperature — 


at which the refractive indices are measured: 


Se batt ER ae 
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Substitution in ‘equation (2) gives : 
ma = — (Mg — My) tn 
Or > 


An= ny My = 7 


In cases such as some protein solutions where linear 


_ measurements and used in conjunction with equation (3) 
to evaluate n,. For solutions of strong electrolyt d 
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Refractive index of sucrose solutions 7.) ag inot solute 60 
=, giml.-@-@-@-. Wave-length <0: 
temperature, 20°C 000 So 


Fig. 2. 
tration in g/g -O-O-O-, 


Both equations (3) and (4) contain the density (p,) and 
the refractive index (n,) of the solute in solution as- 
distinet from their values in the liquid or solid state, s0 
that neither nm, nor p, can be indeperdently evaluated 
from the variation of refractive index ‘with concentration. 





relationships between density and cv have been estab- 
lished’, p, can be independently evaluated from density 


other cases where interactions with the solute molecules 
lead to changes in either n, or p, with concentration 
deviations will occut from the linear relationship of | 
equation (3). ee eee oo 
We thank Dr. R. A. Gibbons for preliminary discussion — 


which led to the mathematical analysis. 
1 Ro jochem. J.,2A, 998 (1980), 
mer. Chem, Soc., 58, 237 (1986). = 
thirty-ninth ed., 2738 (Chemical 


Soe., A, 190, 841 (1947). 
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) METHOD FOR DETERMINING THE CORROSIVITY OF THE | 
ATMOSPHERE AT ANY LOCATION E 


By D. P. DOYLE and HUGH P. GODARD — 


Aluminium Laboratories, Ltd., Kingston, Ontario a E y 






MHE use of Sample’ s ‘wire-on-bolt’ test to measure 
l kalenia corrosion of metals in the atmosphere has 
> been deseribed!-*. This article indicates how the test can 
be adapted to provide a numerical assessment of corro- 
> sivity of the atmosphere in a period as short as three 
_ months, as compared with several years required in con- 
Poa ventional atmospheric exposure tests. _ 
~ O Two instances where numerical assessment of corro- 
ai sivity of the atmosphere would be very. valuable are when 
-metallic structures are planned for locations where the 
=o eorrosivity of the atmosphere to the metal involved is — 
o unknown, but: suspected to be severe, and when metals 
UL be stock-piled in similar circumstances. In the first 
19 availability of corrosivity data at an early date 
proper choice of alloy and thickness of sections or 
adoption of suitable protective measures if needed, 
ttlemont on design which will ensure as long a life 
esired for the structure. In the second instance, the 
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Fig. 1. ‘Wire-on-bolt’ test specimen 
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stock-piled metal may be give 51 
ments to combat corrosiy ‘ 
the test. | 
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wire. The bolt may bosté el, copper o or 
influence of which on the corrosion: rate 
known. ee i 
By exposing similar specimens in aroni. whero ie 
performance of aluminium is known and comparing tho 
results the corrosivity of the new location. an be judge 
A typical ‘wire-on-bolt’ test specimen is how: 
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is applied for the very small loss of weight during cleaning ; 
this is determined on a similar length of new wire which 
is treated at the same time. 

Comparison of two industrial and two marine atmospheres. 
Fig. 2 shows the results of an experiment carried out at 
two industrial and at two marine atmospheres, which 
- demonstrates the relative corrosivity of these atmospheres 
“towards one another, as well as the influence of the bolt 
material used. It is seen that: (a) A copper bolt promoted 
a high rate of attack on the aluminium wire, but did not 
alter the relative order of attack, at the four sites, from 
that which was found for a plastic bolt. Because it is more 
sensitive, the aluminium-copper couple is preferred. 
(b) A steel bolt promoted a high rate of attack on the 
aluminium wire, when exposed to a marine atmosphere, 
and was comparable to copper, but did not do so in an 
industrial atmosphere. For this reason the aluminium- 
steel couple may be used to distinguish between marine 
and industrial atmospheres. 











30-min immersion of the wire in a hot solution of chromic — Corrosivity of ; marine atmosphere versus distance from 


and phosphoric acids (A.S.T.M.B137-45), A correction — 


shore. Fig. 3 shows the results of an experiment carried 
out to determine to what distance from the coast the 
marine corrosive influence is present in the atmosphere. 
It can be seen that the relative corrosivity drops off very 
rapidly with distance from the ocean-front. At five miles 
distance the corrosivity is as low as that of the mild semi- 
rural inland atmosphere at Kingston, Ontario. 

While the examples given here relate. to aluminium, 
other metal pairs could 





wire form which can be paired to a more cathodic metal 
in bolt form. 

Once sufficient data have been accumulated with the 
“wire-on-bolt’ test it will be possible to dispense with the 
controls recommended for simultaneous exposure in areas 
of known performance. | 
1 cone K. G., Mendizza, A., and Bradley, W. W., Corrosion, 11, 383 
nA Rao, Mukherjee, K. P., and Lahiri, A. K., Nat. Metal, Lab. 

Tech, J.. Caune, Sci. Indust. Res., Jamshedpur, 4, 17 (1962). | 
s Godard, H, P., Materials Protection, 2 (6), 38 (1963). 


FALSE POSITIVE DIRECT COOMBS TESTS FOLLOWING TOTAL-BODY 
X-IRRADIATION OF MICE 


By OSCAR GARFEIN, NANCY TREACY * and JOHN G. GORMAN * 


Department of Pathology, Columbia University, College of Physicians and Surgeons, New York, and Blood Bank, 
Presbyterian Hospital, New York 


LOSSAL et al have shown that acquired immuno- 
logical tolerance can be destroyed by sub-lethal 
whole-body X-irradiation. If the immunological mechan- 
isms subserving acquired tolerance and natural tolerance 
are similar, then natural tolerance to auto-antigens may 
also be destroyed or altered to some extent by treating 
normal animals with X-ray’. To test this hypothesis we 
treated A/JAX and CBA/JAX male and female mice 
with sub-lethal whole body X-irradiation delivered in 
various dose schedules, and examined serial blood samples 
from these animals with a direct Coombs test, looking for 
an auto-immunization to red bleod-cell antigens as an 
indication of breakdown of natural tolerance. 
Five test groups were irradiated according to the 
method deseribed here to examine the effect that fraction- 
-ation in delivery of a 500-r. dose of X-ray might have on 
- the development of auto-immunity. Group LX received 
-the total dose of X-ray in one exposure ; group 2X received 
half of the total dose at one time and received the remain- 
ing 250 r. (or 200 r. in the case of the A/JAX males) one 
week later; group 4X received one-quarter of the total 
dose, four times, at weekly intervals; and group 8X 
received one-eighth of the total dose on eight separate 
occasions, with three and four days alternating between 
doses. Group 1X-SP received the total dose of X-ray 
in one exposure and, 7 h after this, received approximately 
fifty thousand isologous spleen cells intravenously. 
Following the beginning of a course of X-irradiation, serial 
direct Coombs tests were performed on all mice at 4-6 day 
intervals. 
Each test group, with the exception of one which 
received isologous spleen cells after its single dose of 
X-ray, was composed of 2 A/JAX males, 2 A/JAX 
females, 2 CBA/JAX males, and 2 CBA/JAX females. 
The group given spleen cells after X-irradiation had the 
same relative composition as the other groups but was 
composed of sixteen mice. 
females, and all A/J AX females in all test groups received 


_ * Present address: Tmmuno-Hem atolozy Research Unit, Lenox Hill 
Hospital, 100 East 77th Street, New. York 21.0 | 


All CBA/JAX rales and 


a total of 500 r. whole-body X-irradiation. The A/JAX 
males in all test groups received a total of 400 r. whole- 
body X-irradiation. 

Mice were irradiated in ‘Lucite’ boxes in groups of 2 
(except 500-r. and 400-r. single dose groups which were 
irradiated 6 per box). The conditions of X-irradiation 
were as follows: 184 kVp.: 30 m.amp; target—subject 
distance (from focus to centre of mouse) 72 em from each 
of two tubes (cross-fire technique); dose rate 50 r. Imin; 
filtration: 0-28 mm copper, 0-5 mm aluminium; half- 
value layer = 0-6 mm copper. 

Five groups of mice identical in composition to the test 
groups were used for controls. The sole difference in the 
handling of the control mice was that, once placed in the 
‘Lucite’ boxes used for holding test animals during 


X-irradiation, they did not receive X-ray but were kept 
in these boxes for times equivalent to those required for- ~ 


X-irradiating the test animals. a eee 

The direct Coombs tests were performed as follows: | 
The mice were tail bled into normal saline and the cells 
washed 4 times in normal saline. One drop of a 5 per cent 
suspension of those cells was then added to one drop of 
rabbit anti-mouse globulin diluted 1 : 32 with normal 
saline, incubated at room temperature for 30 min and the 
tubes centrifuged for 1 min before reading. Al results 
were read both macroscopically and microscopically for 
agglutination. 

With each batch of tests the following controls were 
done and were required to be satisfactory. Saline controls, 
substituting one drop of normal saline for the rabbit 
anti-mouse globulin serum, were run simultaneously on 
every blood sample. To provide an anti-mouse globulin 
reagent control a Coombs test was performed on known 
Coombs positive cells and known Coombs negative cells- 
with each batch of cell samples tested. Coombs positive 
cells were prepared in the following manner: one volume 


_ of a 50 per cont suspension of red cells, obtained from a 


single non-experimental A/JAX or CBA/JAX mouse, 
was washed 4 times with normal saline and coated by 
incubating for 60 min at 37° C with 2 volumes ofa l: 4 


be used for investigating the 
corrosivity of an atmosphere to any particular metalin -> 
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-> saline di hited i iso-Lmmune mouse serum. This iso-immune 


"serum, used to render both 4/JAX and CBA/JAX red 


cells Coombs positive, was obtained from DBA/JAX mice 
immunized with C57/ JAX spleen cells. Coombs negative 
cells were prepared in the same way except that they were 
incubated with normal mouse serum. Before use, both 
coated. cells and negative cells were washed 3 times with 
normal saline and a 5 per cent suspension made. Mouse 
“ccelis coated in this way gave a strongly positive direct 
- Coombs reaction and cells incubated with normal mouse 
. serum were uniformly negative. Saline controls as de- 


 seribed here were also run on these positive and negative 


-eontrol cells, A further negative anti-mouse globulin 
> control consisted of incubating 1 drop of a 5 per cent 
suspension of 4 times washed A/JAX unsensitized cells 
with 1 drop of the rabbit anti-mouse globulin serum. 

The results of the experiment are shown in Fig. 1. 
71 per cent of the animals that received a single dose of 
X-ray developed a positive direct Coombs test. 86 per 
cent of the animals receiving two equal doses of X-ray 
became positive, while 25, 50 and 56 per cent of the 
animals in the remaining three groups developed a positive 
direct Coombs test. These Coombs tests were transient in 
most cases, becoming negative spontaneously within seven 
days. 15 per cent of non-irradiated mice showed a positive 
direct Coombs test at various times. 

In Fig. 2 are indicated the periods in time after the 
- beginning of X-irradiation when the test and control mice 
that did become positive first showed a positive Coombs 
test. There were two periods when most of the animals 
became positive. The first period occurred 14-21 days 
after the beginning of all X-irradiation procedures. Most 
of the animals in this group had received single or dual 
doses of X-ray. The second period occurred at about the 
39th day. The bulk of the animals which first showed a 
positive Coombs test at this time were those animals which 
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No. with +DCT 


No. of test mice 

surviving I3 dys 

or more post 
X-Ray 


had received multiple doses of X-ray. 


spleen-protected mice behaved on- the | 
whole like the other mice receiving a single: 
dose of X-ray, but tended, as a group, to: 
develop a positive test several days earlier: 
than the mice not receiving spleen cells. 

These results, with. See ca attention to: 
the oe 2 Gee -which 






Center Hospital of Boston; } 
that Muirhead et al.* have 
direct Coombs tests in 
phenylhydrazine administration and- that: 
Nelken® has shown that. false positives: 
could occur with human blood samples: 
with high reticuloeyte counts, he sug- 
gested that this possible source of error in our experi- 
ments should be excluded. Such- false. positive direct: 
Coombs tests associated with reticulocytosis are thought. 
to be due to an anti-iron binding globulin (anti-trans- 
ferrin) antibody in the Coombs serum reacting with iron: 
binding globulin which is normally present on the surface 
of reticulocytes”. 

On the basis of this information we repasted; on a much 
smaller scale, our original experiment and found that of 
10 AJ JAX mice that were given a single dose of 500 r., 
8 of 9 that survived 13 days or more developed a 30-50 
per cent reticulocytosis and showed a. strong positive 
direct Coombs test when tested with our original Coombs 
serum. In 5 mice given isologous spleen cells after irradia- 
tion, reticulocytosis and false positive Coombs tests were 
seen as early as 5 days after X-ray. When simultaneous 
blood samples from these mice were tested with the same 
Coombs serum absorbed with reticulocytes, negative 
results in all cases were obtained. Wealsonoted that when 
Coombs serum unabsorbed with reticulocytes was used, 
the addition of 1 drop of guinea pig serum (intended as a 
source of complement) to the test mixture inhibited the 
false positive agglutination reaction but did not inhibit 
the positive reaction with our positive control cells coated 
with iso-antibody. This inhibition is apparently due to 
the presence of iron binding globulin in guinea pig 
serum sufficiently similar antigenically to mouse iron bind- 
ing globulin to inhibit rabbit anti-mouse iron binding 
globulin. antibodies. 

To prepare reticulocytes used for absorbing the Coombs 
serum healthy A/JAX mice were given intravenously 
0:04 mg phenylhydrazine hydrochloride perg body-weight 
as a l per cent solution in normal saline daily for three 
days*. Three days after the last dose, reticulocyte counts 
ranged from 30 to 35 per cent and all mice were Coombs 
positive with unabsorbed Coombs reagent, but were 
negative when guinea pig serum was added to the reaction 
and negative with reticulocyte absorbed Coombs serum: 
In other words, phenylhydrazine. produce false positive 
Coombs tests due to reticulocytosis ri 
Reticulocytes used for absorbing the Coo eagont wer 
obtained by killing these mice on the fourth day after the 
last dose of phenylhydrazine. 

On checking our non-experimental A [JAX mice we 
found that reticulocyte counts ranged regularly from 
10 to 15 per cent. It is probable that occasional reticulo- 
cyte levels ranging even higher than this accounted for 
the few positive Coombs tests seen in our non-irradiated 
control animals. These levels are considerably higher than 
earlier published values* which still stand as typical of 
levels being observed at present in reticulocyte counts on 
AjJAX mice at Bar Harbor’. 

Tt is clear that the positive direct Coombs tests reported 
here in mice after whole-body irradiation do not indicate 
the breakdown of natural tolerance to red-cell auto- 
antigens but rather just reflect the existence of post- 
irradiation reticulocytosis. In the light of the true nature 
of these positive Coombs tests it is easy to explain the 
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beginning s of irradiation. Whole bo: 


the size that were ‘aciministerod: suppress pe a e ooa falso posi 
for 7-10 days", after which a brisk reticulocytosis would | 


be expected which might. reach its peak in. the period of 
14-21 days, the period in which we did note most of our 
positive results. Re-population with unirradiated isolog- 

ous donor erythroid cells would account for the earlier 
reticulocytosis . and positive Coombs tests seen in mice 
given, spleen cells. 

“The question of whether natural auto-tolerance is 
impaired. by X-ray, however, remains open for further 
experimental. investigation. It should be noted that in 
Nossal’s experiments’? breakdown of the tolerance 
mechanism was seen in situations of partial tolerance, 
where at least a small ‘forbidden’ auto-immune clone is 
already established and might quickly grow once free from 
inhibition by s tolerance mechanism which has been put 
out of action by irradiation. In cases of complete tolerance 
as in natural tolerance to red cells, any such emerging 
‘forbidden’ clone. would have to be initiated as a new 
primary response and multiply from a few stem cells‘. 
Since the ability to initiate an immune response is severely 
-affected by total-body irradiation® and the tolerance 
mechanism is probably able to repair itself fairly soon after 
§00-r, X-irradiation‘, it is not too surprising that our test 
system might fail to detect a breakdown of the tolerance 
mechanism. 

We have demonstrated once again, this time in mice, 
that high percentages of reticulocytes can cause false 
positive direct Coombs tests. Coombs reagents by their 
nature often contain antibodies against serum proteins 















direct Coombs tests: ne not: always ie 1 





dy X-ray doss of protei 


essential that investig po 
cato that red cells 
are coated by immunoglobulins. > ~ 
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TRANSFORMATION OF HÆMOPOIETIC CELLS OF BONE MARROW 
ALLOGRAFTS INTO LYMPHOCYTES IN X-IRRADIATED DOGS 


By I. L. CHERTKOV, M. N. NOVIKOVA, L. S. ROGACHEVA, L. L. SHEPSHELEVICH, 
A. S. MAXYMENKO and M. O. RAUSHENBACH 


Central Order of Lenin Institute of Hæmatology and Blood Transfusion, Moscow, U.S.S.R. 


OOD therapeutic effects in LD, X-irradiated dogs 
(600 r.) following transplantation of allogenic bone 
marrow have already been observed!; more than 70 per 
cent: of dogs survived. Examination of the bone marrow 
action mechanism showed that the graft cells proliferate in 
the recipient for 2-3 weeks. At this time there was an 
enlargement in the peripheral blood of the donor’s 
leucocyte count (female in male) and donor’s erythrocyte 
count (by tho differential agglutination method with 
anti-A dog’s test-serum). After 15-20 days the marrow 
graft was rejected and simultaneously restoration of the 
recipient's hzemopoiosis began. Immunological compli- 
cations were not observed. 

In the experiment described here, the dogs X-irradiated 
with 1,000 r. received bone marrow allograft. The bone 
marrow was injected intravenously, 5-8 x TO? nuclear 
cells on the day after radiation. Bone marrow was re- 
moved from the sternum and ribs and suspended in 
| aliquots: of ‘70-199’. The marrow was passed through 
two layers of. gauze. Staining with erythrosine demon- 
strated that more than 98 per cent of the cells were 
viable. This was also suggested by the ability of the 
marrow cells to synthesize DNA (by incorporation of 
tritiated thymidine). | 

In these conditions bone marrow transplantation failed 
in its therapeutic effect; the dogs died 11-15. days after 
radiation. At this level of irradiation, the white. blood 
cell count invariably fell during 6-7, days. After 2 days 





there was a considerable fall of all the elements in the — 
bone marrow; only mature myeloid cells could be 


observed. However, by the fifth to sixth day after irradia- 
tion the stem and immature cells appeared, and the = 
Restoration of the 
hemopoiesis at this time was impossible; 
moreover, in bone marrow female donor's leucocytes 


number of mature cells fell (Fig. 1). 
recipient’s 


among mature neutrophils were identified, and in — 
peripheral blood by the sixth to eighth day 2-3-5 per cent 


of the donor’s erythrocytes appeared. These results — 


indicated that. graft cells had re-populated and differenti- 
ated in the normal way. However, after the seventh to 


eighth day in bone marrow peculiar ‘hyperbasophili 
cells were revealed and normal hemopoiesis stopped. In = > 
bone marrow and peripheral blood it was possible to = 
observe hemocytoblasts transforming into lymphocytes —~ 
The first of them was a _ 


through several transitional forms. 
hemocytoblast with basophilic cytoplasm (Fig. 2), and a 
young laciniate often plicate nucleus. The next form was 


like a lymphoblast (Fig. 3, left), the nucleus was more Tn 


mature, chromatin more solid, the nucleoli were distinct. 
There was a perinuclear zone in these cells. Lymphoblast 
differentiated into prolymphocyte (Fig. 3, right). The 
nucleus was round. or kidney- shaped ; the chromatin 
more. compact. ‘Sometimes. remains of nucleoli could be 


seen, the perin iclear. zone more pronounced, basophily 
usually margi = 


lymphocyte, at t: f rst. hy} 






. -That type of cell converted into 
perbasophilic and then normal. 
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5, erythropoietic row: 6, lymphocytes: 7, hyperbasophilice cells, 


A, heuttophils; (Cl), lymphocytes > 





Fig. 2. Hyperbasophilic ‘haemocytoblass* from peripheral blood 


hemopoiesis was of the lymphoid type. 
the peripheral blood reflected this trans- 
esis. On tho eighth to ninth days 
rose greatly (Fig. 1). The rate of 
i high; for 1-2 days the white blood 
oso 3-4 times (from 400--1,500 to 1,700-4,200 
noreover, the neutrophil number did not 
actically. The effect was caused mainly by 
sophilie forms, the number of which was 60-80 
it from the general leucocyte count on the eighth 
The next day the number of hyperbasophilic cells 
ced sharply: simultancously the lymphocyte count 
On the following days hyperbasophilie cells dis- 
appeared, white blood cells, represented almost only by 
lymphocytes gradually fell. In bone marrow reticular 
_hyperplasy developed, only reticuler cells and lympho- 
hemorrhage in lungs, gastro- 
lasy in lymphoid nodes and bone 
ethally X-irradiated dogs had 


"Consequently, 
‘The picture of 
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Fig. 1. White blood cell counts and myelograms in a dog irradiated with 1,000 r., for 
two days. On the day after radiation the dog received allogenic marrow, 1, Retienlar 


cells; 2, stem- cols: 3, immature cells of myeloid row ; 4, mature cells of myeloid row : 
©, leucocytes ; 
@, hyperbasophilic cells 


bone marrow transplantation “in 


L171 


‘takes’ of bone marrow allograft which 
differentiated normally during 3-4 days 
and then myeloid hemopoiesis of graft 
stopped, and hyperbasophilie cells. from 
hemocytoblast formed. They intensively 
proliferated for 1-2 days (on the smears 
figures of amitotie and mitotic division 
in hyperbasophilic cells were observed); 
afterwards proliferation stopped and cells 
transformed into lymphocytes: On the 
whole this phenomenon is close to that 
observed in lymph nodes after antigenic 
stimulation*. This suggests that follow- 
ing the strong antigenic stimulation bone 
marrow allograft transforms into immuno- 
logically competent cells which ‘are able 
to induce the reaction ‘graft versus. host’, 
This assumption is confirmed by the fact 
that transformation does not begin for 
3-4 days, this period being necessary for 
immunization of graft cells. On the other 
hand, immunological genesis of this 
graft transformation is confirmed by the 
similarity of the hyperbasophilic cells 
described here and of those known as 
immunologically competent in trans- 
plantation immunity?. Imamunologically 
inverted genesis of allogenie bone marrow 
cell is supported by our experiments on 
screening of dogs’ hind-legs during irra dia- 
tion. No hyperbasophilie cells were seen 
in the stage of active proliferation of 
autological bone marrow; hemopoiesis 
was normal.and the dogs survived. - 
Special investigations confirmed. that 
hyperbasophilic cells had been formed from the graft’s 
hemocytoblasts but not from any occasional immunologic- 
ally competent cells available in the transplant. Intra- 
peritoneal transplantation of 5-15 x 10° lymphoid. cells 
derived from donor's spleen and lymph. nodes to supra- 
lethally X-irradiated dogs was accompanied only by an 
inconsiderable number of hyperbasophilic eells. T hese 
resulte suggest that hyperbasophilic cells and their deriva- 
tives (lymphocytes) are morphological bases of secondary 
disease and any other reaction of transplantation immun- 
ity. Some clinical investigations’® suggest that hamo- 
poiesis transformation of the type described may occur in 
irradiated human 


18 d 








beings. i 

In reactions of ‘host versus graft’ type, in particular in 
skin grafts, hyperbasophilic cells are probably formed 
from stem cells of lymph nodes*. It is suggested that some 
transplantation immunity reactions oceur also in disease 








Fig. 3. Hyperbasophillie ‘lymphoblast’ (left) and ‘prolymphocyte’ 
se (right) from peripheral blood 











accompanied by intensive disintegration of tissues. So 
we observed the appearance of hyperbasophilic cells in. ~ 


blood of X-irradiated or burnt dogs without any tissue 
transplantation during the regenerative period. 

Transformation of hemopoietic cells into immunologic- 
ally competent cells participating in reaction of trans- 
plantation immunity is reported here for the first time. 
Many authors*-!° consider that the only morphological 
basis for secondary disease is immunologically competent 


cells of bone marrow or blood. Our results indicate that 


secondary disease can be induced by the immunologically 
competent cells derived from the stem cells of bone 
marrow, but not by the available immunologically compe- 
tent cells of bone marrow or blood. In other words, the 
morphological basis both of protective action of bone 
marrow transplantation and of immunological complica- 
tions is identical; that is, stem hemopoietic cells. Hence 
it is doubtful whether reducing the number of available 
immunologically competent cells in the transplant can 
prevent secondary disease. ` It is necessary for prophylaxis 
of secondary disease first of all to prevent transformation 
of the graft after lymphoid type. The allogenic bone 
marrow transplantation in supra-lethally irradiated dogs 
is an excellent model for investigating this problem. The 
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possibility of transformation of hemopoietic cells into 


immunologically competent cells following a strong 


antigenic stimulation suggests that similar processes can 


also oceur in unirradiated hosts. Perhaps this immuno- 
logical mechanism is significant. in pathogenesis of some 
forms of leukemia. It is very important to ascertain why 
in some cases transformation of hemopoiesis developed 
very early, and in other cases secondary disease was 
revealed considerably later if at all. Perhaps the solution 
of these questions will render possible treatment of the 


secondary disease, and using of the latter, in leukemia _ 7 


therapy. 
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INHIBITORY ASPECTS OF BILE SECRETION 


By Dr. TOM HARGREAVES and Pror. GRANT H. LATHE 


Departments of Chemical Pathology, St. George’s Hospital Medical School, London, S.W.|, 
and School of Medicine, Leeds 


Aa of the mechanism of bile secretion is 
probably as important for understanding various types 
of jaundice, as the mechanism of renal function is the key 
to understanding kidney disease. Unfortunately, our 
knowledge of bile secretion is limited duo to the inacces- 
sibility of the biliary tract to direct observation. Never- 
theless, in recent years some important advances have 
been made: particularly important is the suggestion that 
a distinction should be made between the formation of 
bile and the secretion of substances into it. 

Some substances, for example, bilirubin and bile salts, 
are secreted in bile at a higher concentration than in 
plasma; others, for example, sodium, potassium and 
glucose, occur at approximately plasma concentrations. 
There is also a third class of substances present in bile 
in lesser amounts than in plasma’. Many foreign sub- 
stances are concentrated in bile; some, like bromsulph- 


- thalein, serve as useful agents in assessing liver function, 


others are used for X-ray examination of bile channels. 
We propose to use the term ‘cholephil’ for all endogenous 
and exogenous substances which are concentrated in the 
bile. 

It appears probable that bile formation involves two 
simultaneous processes, the formation of a fluid similar to 
deproteinized plasma and the secretion of cholephilic 
substances into this fluid. This is suggested by experi- 
ments in which the two functions can be dissociated; bile 
salts increase the flow of bile without increasing the total 
yield of administered cholephilic substances, for example, 
bromsulphthalein®?. Bile production docs not depend on 
the hydrostatic pressure of blood perfusing the liver? and 
must, therefore, depend on a chemical mechanism to 
provide the energy for bile produetion. It has been 
shown that the flow of bile after administration of sodium 
taurocholate is directly proportional to the taurocholate 


secretion rate and the electrolyte composition was similar — 


at all rates of secretion’. Since the concentrations of the 


major inorganic anions, chloride and bicarbonate, change 


per cont. “Mendeloff, Kramer, Ingelfinger and Bradley* 


very little over the entire range of bile salt secretion rates, 
the output of these anions must also be directly propor- 
tional to the bile salt secretion rate. These observations 


lend support. to the view expressed by Sperber’ that _ i 


organie anion secretion (normally bile salt secretion). is. 
actually the primary event in bile formation. It is 
possible that the movement of inorganic electrolytes and 
water into the bile may proceed passively and independ- 
ently along gradients of concentration and electrical 
potential created by active bile salt secretion into the 
canalicular lumen, or may be coupled in some manner 
with active bile salt transport®. This suggests that. the 
secretion of high concentrations of other cholephils may 


enhance bile secretion, as shown for chloral’. Cyanide > 


produces a dissociation of the reverse type, reduced bil 


flow with maintenance of bilirubin and promsulphthalein 3 
A third type of dissociation, reduction of —. 


secretion’. l 
secretion of cholephilic substances with normal or enhanced 
bile secretion, ean be produced experimentally by admini- 
stration of phloridzin’. Jenner and Smyth? found phlori- 
dzin, or a product of it, was excreted in the bile at a 
concentration of up to 0-9 per cent (20 m.equiv./L). 

A number of organic anions, for example, bile pigments, 
several phthalein dyes, indocyanine green and the bile 
salts are excreted into the bile in such high concentrations | 
that it is generally assumed that active transport mechan- 
isms must be involved. There is a limiting rate of brom- 
sulphthalein secretion: this mechanism can be saturated 
by increasing the plasma concentration. Similar satura- 
tion phenomena have been described for sodium dehydro- 
cholate. bilirubin and fluorescein™. 

Various reports have suggested that cholephilic sub- 
stances compete with one another at several stages in 
their transport from plasma to bile. Dragstedt and 
Mills" examined the rate of clearance of intravenously 
administered bromsulphthalein ; simultaneous administra- 

uced the rate of clearance by 20-50 
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found a reduced clearance of bromsulphthalein from the 
plasma when dehydrochohe acid was mjected and a 
sumilar but smaller effect with rose bengal Wheeler, 
Cranston and Meltzer, usmg dogs, demonstrated that 
durmg the constant myjection of bromsulphthalein, 
indocyanine green mereased the plasma bromsulphthalein 
concentration without any reduction of bromsulphthalein 
excretion Both these results were open to the errticism 
that bromsulphthalei was bemg displaced from extra- 
hepatic tissues, but Andrews and Richards showed that 
in dogs conjugated, bile salts led to a release of bromsulph- 
thalem mto the hepatic vem Hunton, Bollman and 
Hoffman have shown that in unanesthetized dogs the 
clearance of bromsulphthalem is reduced by indocyanine 
green, rose bengal, bihrubm and sodium dehydrocholate 
In rats bromsulphthalem and imdocyanine green each 
affected the clearance of the other 

Rate of clearance cannot be equated with rate of 
secretion, as the former may be affected by hepatic blood 
flow and the latter by storage of admmustered material 
m the hver It seems possible that for a brief period 
secretion into the bile might be reduced without clearance 
bemg altered, and vice versa Direct measurements of 
1ates of secretion have suggested that competition occurs 
though usually ıt has been ımpossıble to say whether this 
was a primary effect on secretion or secondary to com- 
petition for uptake 

Investigation of hver uptake has been made by direct 
observation of the fluorescent substance uranme?’, 
bilirubin reduced the rate of uranine uptake and 1ts subse- 
quent bilary secretion Fauvert!? suggested that com- 
petition for hepatic uptake exists between bilirubin and 
bromsulphthalein, the latter beimg selectively removed 
Bradley! investigated the uptake of bromsulphthalem, as 
distinct from 1ts secretion, by followmg the clearance 
during continuous intravenous administration at imcreas- 
ing rates In vitro investigations have shown that bili- 
grafin inhibits the uptake of bromsulphthalem by liver 
slices}? 

It has been postulated that anionic substances are 
excreted by a different pathway from cationic substances?’ 
A number of quaternary ammonium compounds mblubited 
the biliary excretion of each other, while others were 
without effect Amions, for example, bromsulphthalein 
and glycocholate, did not compete with the cations fo1 
bihary excretion 

In eonsidermg the mechanism of competition for a 
common pathway of secretion mto the bile, account 
must be taken of chemical alterations of the secreted 
substance Thus bilirubin 1s secreted m the be as a 
diglucuromde, since animals in which the conjugating 
mechanism is defective cannot excrete busrubm but can 
excrete myected bilirubin glucuronide*!, conjugation is 
essential for secretion of bilirubin In contrast to bili- 
rubin, bromsulphthalem can be excreted, unchanged, but 
most of the injected pigment appears ın the bile as a 
conjugate of glutathione? In a third category are those 
cholephils hke mdocyanme green!® and rose bengal! 
which are secreted into the bile without chemical altera- 
tion 

Other examples of cholephils competing for excretion 
in the bile are the retention of bilirubin”? and bromsulph- 
thalem?s followmg bunamiody! admuustration, and bih- 
rubin retention ın the new-born followmg novobioem 
administration®4 

We exammed the reduction of bile secretion of one 
cholephilic substance by another as ıt seemed possible 
that this investigation might help to define the biochemical 
nature of the secretory mechanism We are now reporting 
the mlubitory effect of a number of cholephile substances 
on wm vuro glucuronide synthesizing systems, and on the 
an vwo secretion of two cholepmhle substances, brhrubin 
glucuronide and mdocyanine green 

The rate of bihrubin glucuronide formation was determ- 
med in rat liver slices, and rat and rabbit liver homo- 
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genates, by the method of Lathe and Walker o0-Ammo- 
phenol conjugation was measured by the method of 
Stephenson and Dutton?® In the homogenate experi- 
ments uridine diphosphate glucuronic acid, Sigma Grade 
(Sigma Chemical Co ), was added in a final concentration 
of 03 mmole Conjugated bilrubm m hver shces was 
detormined according to Hargreaves®? Glucose-6-phos- 
phatase was estimated by the method of de Duve, Press- 
man, Gianetto, Wattiaux and Appelmans?*, the hexo- 
barbitone metabolizmg enzyme was determined by the 
method of Cooper and Brodie?® 

The secretion of substances ın the bile was investigated 
in male Wistar rats, anesthetized with vetermary “‘Nembu- 
tal’ (Abbott), m whom the bile duct was cannulated?’ 
Bile was collected over 10-min intervals Admunistered 
substances were given mtravenously Conjugated bil- 
rubin was given as diluted human bile collected post- 
operatively from a patient with a T-tube ın the common 
bile-duct Norethandrolone was administered im pro- 
pylene glycol which was found to have no effect on dye or 
pigment excretion Conjugated bilirubm was determined 
by the method of Lathe and Walker’ Indocyanine 
green was estimated by diluting the bile 1 to 10 or 1 to 
100 with wate: and reading against an appropriate blank 
at 805 my m a spectrophotometer (Unicam SP 600) 

In vitro effect of cholephils on formation of glucuronides 
Increasing concentrations of cholephilic substances were 
added to rabbit liver homogenates m order to determine 
the approximate concentration at which 50 per cent 
inhibition of biirubin and of o-ammophenol conjugation 
occurred 


Table 1 CONCENTRATIONS REQUIRED TO PRODUCE 50 PER CENT INHIBITION 
OF MICROSOMAL ENZYMES IN RABBIT LIVER HOMOGENATE 


Inhibitor Glucuronv] transferase Glucose-6- 
10' x cone (4D e-Amimophenol Bihrubm phosphatase 
Novobiocmn 1 2 50 
Bunarmiodyl 3 2 >100 
Norethandrolone >100 8 >100 
Methienlhin 20 30 > 1090 
Bromsuiphthalem <0i 2 6 
Indocyanme green 3 5 an 
Rose bengal 06 2 40 
Fluorescein 8 — 5 
Chlors! 50 >100 70 
Phenolphthalein 02 63 40 
Phenolphthalem glucuronide 4 06 >100 


The results of the experiments of this type have been 
summarized m Table 1 All but methicillin, chloral and 
norethandrolone inhibited glycurony! transferase at con- 
centrations of less than 1 mmole As the enzyme con- 
jugating substances with glucuromie acid occurs ın the 
mucrosomes, two other microsomal enzymes were tested 
The results with glucose-6-phosphatase are given m Table 
L The enzyme metabolizing hexobarbitone was examined 
in the presence of four cholephilic substances The rate 
of hexobarbitone metabolism was inhibited 41 per cent 
by 01 mmole bunamiodyl, 27 per cent by 9 1 m mole 
indocyanine green. and 33 per cent by 1 m mole sodium 
deoxycholate, 10 mmole methicillin had a negligible 
effect on this enzyme 

In vivo effect of cholephils on secretion nto the bile 
Figs 1 and 2 show the rise and fall of bilirubin glucuronide 
and indocyamine green respectively in rat bile following 
intravenous injection, alone and with the simultaneous 
myection of novobicem The results of 27 expermments 
of this type are summarized in Table 2 (indocyanine green) 
and Table 3 (conjugated bilrubm) All cholephulic 
substances reduced the secretion of conjugated bilirubin 
and indocyanine green 

In experiments designed to eliminate competition for 
uptake, the mjection of one cholephilic substance (bun- 
amiodyl, novohiocin or norethandrolone) was delayed for 
20 min after the administration of the bilirubin glucuronide 
or indocyanine green ın order to allow the liver to take 
up the latter without competition Each of the sub- 
stances mnhibited the excretion of indocyanine green and 
bilirubin glucuronide 
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Table 2 INHIBITION OF BILIARY SEORETION OF INDOCYANINE (GREEN 
(0 13 pMOLE) IN THE RAT 


Dose Relative depression 
Inhibitor (umole) of secretion (%) 
Novobiocim 13 47 
13 92 
Novobiocin (Gunn rat) 13 72, 
Bunamiodyl 13 33 
13 93 
Norethandrolone 65 74 
65 84 
Methicillin 13 48 
13 ep 
Chloral 18 
yO 
Phenolphthalein 
Phenolphthalein glucuronide 1 
enolphthalein g r. a 
Table 3 INHIBITION OF BILIARY SEORFTION OF CONJUGATED BILIRUBIN 
IN THE RAT 
Conjugated Relative 
Dose bilirubin depression of 
Inhibitor (umole) (mole) secretion (%) 
Indocyanine green 013 03 29 
Novobiocin 30 08 53 
3 $ i 
Bunamiodyl 40 
Methicillin 6 06 27 
3 + ‘o 
hloral 13 
oe 130 04 43 
Phenolphthalein 3 03 10 
30 03 72 
Phenolphthalein B 03 18 
glucuronide 30 03 33 


Secretion by laver slices The accumulation of bilirubin 
glucuromde and o-ammophenol glucuronide in a medium 
m which liver slices were incubated was the basis of the 
standard procedures for demonstrating conjugation by 
slices The addition of novobiocm, bunamuodyl or nor- 
ethandrolone reduced the yield of glucuronides in the 
medium Im order to define the secretory process con- 
jugated bilrubm was estimated in both slices and medium 
(Table 4). At certain concentrations, 0 01m mole novobio- 
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TIndocyanine green (ug/10 min) 





0 50 
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Fig 1 Effect of novobiocin on the concentration of indocyanine green 

in bile @, control animal injected with 013 umole indocyanine green 

Test animals myected with 013 szmole indocyanine green together with 
13 smoles (O) and 13 moles novobiocin (O) 
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Fig 2 Effect of novobiocin on the concentration of conjugated birubm 

in bile @, control ammal imyected with 0 6 umole conjugated bilirubin 

Test animals mjected with 06 mole conjugated bilirubin together 
with 3 umoles (©) and 30 umoles (0) of novobicemn 


ne 


ein, 1 m mole bunamiody]l, and 1 m mole norethandrolone 
it was noted that there was a reduction in the glucuronide 
passing into the medium durmg the 2 h of meubation 
although substantial amounts of glucuronide were formed, 
as demonstrated by the amount remamuing m the shices 
Under these conditions ıt was concluded that the secretory 
process was inhibited more than the uptake of bilirubin, 
or its conjugation. Novobiocimn reduces the total amount 
of bilirubin in the shee, indicating that it also mhubits the 
uptake of bibrubm 


4 


Table 4 RATE OF CONJUGATION AND ACCUMULATION OF BILIRUBIN IN 
LIVER SLICES IN TAE PRESENCE OF CAOLEPRILS 


Cone (mM) bilhrubin in shee (g'g) 


Rate of conjugation 
Conjugated Unconjugated (ugigh) 


Novobiocin 
0 67 22 38 
0 01 55 17 24 
0l 84 15 10 
19 25 16 0 
10 13 16 ($ 

Bunamiodyl 
0 67 22 38 
0 OL 54 E 32 37 
01 57 29 30 
10 40 89 9 
10 21 29 9 

. Norethandrolone 

0 67 22, 38 
001 57 16 28 
O01 63 17 25 
190 64 10 24 
10 41 16 “7 


In order to test the effect on the secretory mechanism 
which excluded the conjugating process, rat hver slices 
were incubated in the same medium used for.exammmng 
conjugation of bilirubin, but bilirubin glucuronide was 
added ın place of unconjugated bilirubin The effect of 
adding novobiocin, bunamuiodyl and norethandrolone to 
such a system is gıven m. Table 5 Each of the substances 
caused the shees to accumulate it 


Table 5 INHIBITORS ON THE ACOUMULATION OF CONJUGATED BILIRUBIN I` 
LIVER SLICES 


Time Conjugated brhrubin (ugle slice 
(min} Control Novobiocin Bunamuodyl (Rg Slice) clone 
0 16 16 16 16 
30 40 46 45 78 
60 54 71 68 88 
90 56 88 90 101 
120 64 105 112 124 
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Most of the cholephilic substances exammed have two 
properties m common they inhibit the ın vitro formation of 
glucuronides in liver homogenates (Table 1), and the 
in mve bilary excretion of both bilirubm glucuronide and 
indocyanine green, methicillin, chloral and norethandro- 
lone appear to be inhibitors of glucuronide formasion at 
higher concentrations than other cholephilic substances 
Fluorescem and phenol phthalein are excreted as glucuron- 
ides in bile, chloral ıs excreted as the glucuronide of 
trichlorethanol The mode of excretion of novobuocin, 
bunamuodyl, norethandrolone and methiculin is not known 
Builling*! did not find an mcrease in glucuronic acid in the 
bile when novobiocin was administered to rats. All 
cholephils tested mhuibited the biliary excretion of buli- 
1ubin glucuronide and mdocyanine green en vwo Eight 
of eleven cholephilic substances mhibited glucuronide 
formation at a concentration of less than 1 m mole, 
including four cholephils which are not secreted as 
glucuronides 

The em vwo investigations are open to the criticism 
that they may be affected by factors other than the 
bihary concentrating capacity Secretion mto the bile 
could be retarded by a decreased hepatic circulation as a 
result of the administration of cholephilic substances, this 
geems improbable since in each expermment the control 
study was made following the injection of one cholephilic 
substance. Circulatory factors do not play a part ın the 
slice experiments (Tables 4 and 5) ın which the secretory 
phenomenon was demonstrated We-conclude that 
circulatory factors are unlikely to be very important 
Secretion mto the bile can also be retarded by reduced 
uptake of indocyanme green or bilirubin by the lver, due 
to direct competition Novobiocm reduces the secretion 
of bihrubin glucuronide from the liver slice. but ıt also 
reduces the total amount of bilirubin in the slice (Tables 4 
and 5) These results suggest that novobiocin affects the 
uptake of bilirubin as well as the secretion of bilirubin 
glucuronide In the case of bunamuiodyl and norethan- 
drolons the experrmants shown m Tables 4 and 5 mdicate 
that secretion into the medium 1s reduced more than up- 
take into the liver shees This suggests that the sscreting 
mechanism 18 more sensitive to bunamuodyl and nor- 
ethandrolone than either the mechanisms of uptake or of 
glucuronic acid conjugation Novobiocin has an effect 
on the uptake of biarubm and on the secretory mechan- 
ism In order to demonstrate that all three substances 
affect the secretory mechanism the myection of the mnhibi- 
tory cholephil was delayed m the ın vivo investigations 
until the liver had taken up a large part of the biirubm 
glucuromde or indocyanine green, this did not prevent 
the inhibitory effect 

There are three possibilities to explain why cholephile 
substances inhibit glucuronide formation by homogenates 
and the secretion of cholephils nto bile First, glucuronide 
formation may play a part ım the concentrating mechan- 
ism Itseems mmprobable that the formation of glucuron- 
ides of all cholephihe substances 1s essential for concentra- 
tioninthe bile Indocyanine green was chosen for detailed 
investigation, together with bilirubin glucuronide, because 
the former is excreted chemically unaltered, rose bengal 
and bromsulphthalein can also be excreted unchanged. 
Bromsulphthalei 1s excreted normally in patients with 
familal non-hemolytic hyperbizrubinemia lacking the 
ability to eonjugating bilirubin, and m the parallel condi- 
tion m the jaundiced Gunn rat®* We have also shown 
(Table 2) that mdocyanine green 1s excreted by the 
jaundiced Gunn rat These observations do not exclude 
participation of glucuronyl transferase ın the concen- 
tiatmg mechanism It ıs probable that there ıs more 
than oneenzyme Gunn rats are able to form N-glucuron- 
ides**, they can form glucuronides of N-acetyl o-amino- 
phenol and menthol as can patients with famulial non- 
hemolytic hyperbilrubmemuia, albert at a reduced rate™ 
These observations suggest that a number of glucuronyl 
transferase enzymes occur Glucuronyl transferases 
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have a second substrate, uridine diphosphate glucuronic 
acid Inhibition by cholephils could equally well occur 
at this enzyme site, should this be true ıt would suggest 
that uridine diphosphate glucuronic acid was involved ın 
some way in the concentrating mechanism of bile secre- 
tion. 

Secondly, cholephilic substances may have a chemical 
property which makes them mhubitors of glucuronyl 
transferase This 1s unlikely because of the wide vaniety 
of chemical types represented (Table 1) unless the same 
chemical property which makes these substances chole- 
philic confers the capacity to mhıbıt glucurony] transfer- 
ase Ths 1s another way of suggesting that there is a 
chemical similarity between glucuronyl transferase and 
some key participant m the concentrating mechanism. 

The third possibility 1s that there is a common pathway 
in the two processes of conjugation and secretion of chol- 
ephilic substances Glucuronide formation requires the 
“enzyme glucuronyl transferase and the specific donor 
substance uridme diphosphate glucuronic acid. In shice 
experiments uridine diphosphate glucuronic acid 1s con- 
stantly generated; ın broken cell experrments we added 
an amount of uridine diphosphate glucuronic acid which 
was nearly optimal for the reaction However, one may 
not assume that under these conditions the only factor 
is the kmetics of the enzyme, for glucuronyl transferase 1s 
not in solution, but part of the microsomal fraction In 
the intact cell ıt ıs attached to, and possibly embedded 
m, the phospholipid-rich, ondoplasmic membranes 
In microsomal preparations cholephils may retard the 
access of substrates, hke bilirubin, to the enzyme by 
competition for passage through the phospholipod 
membrane Equally, egress of the glucuronide formed 
could be mhibited Theoretically, the concentrating 
mechanism could share either of these as a common path- 
way Its unhkely that competition occurs at the pomt 
of access to the enzyme because high concentrations of 
unconjugated bilirubin m patients with familial non- 
hemolytic hyperbihrubinemia and ım jaundiced Gunn 
rats do not mhibit the biliary excretion of bromsulph- 
thalein and 1odipamide In contrast indocyanine green 
and bilirubin glucuronide compete for excretion in the 
normal and in the jaundiced Gunn rat; this mdicates that 
competition for the concentrating mechanism can only 
occur after the enzyme If the two processes are distinct, 
it must follow that bilirubin can only get to the secreting 
mechanism via the glucuronyl transferase pathway, and 
once conjugated it ıs prevented from escaping mto the 
cell sap or medium by the mhibitors We postulate that 
the only exit is vie the secreting mechanism, glucuronyl 
transferase inhibition is then produced by an accumulation 
of bilirubin glucuronide, this would explain the inhibitory 
effect of cholephils on conjugation by homogenates and 
microsomes It should be possible to demonstrate the 
accumulation of bilirubin glucuronide m inhibited mero- 
somes, similar to the experiment of Table 5 with slices, 
but we have been unsuccessful in attempts to do this 
In view of the possible close relation between microsomes 
and the concentrating mechanism we examined the effect 
of cholephihc substances on two other microsomal 
enzymes, glucose-6-phosphatase and the hexobarbitone 
metabolizing enzyme Both were inhibited by some of 
these substances but less consistently than glucuronyl 
transferase and at relatively high concentrations 

The evidence suggests that cholephilhc substances act 
on a part of the secretory mochanism, but this is not 
necessarily the only site of action of these substances 
Some may affect the mechanism of uptake mto the liver, 
the path of access to the enzyme or glucuronyl transferase 
directly Two cholephilic substances, bunamiody!l and 
novobiocin, produce an increased plasma concentration of 
unconjugated bilirubin im patients in certam circum- 
stances In the case of novobiocin this could be due to a 
block m the uptake of bilirubin, inhibition of the conjugat- 
ing enzyme, or ıb could be an effect on the secretory 
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mechanism Bunamıodyl acts on the secretory mechanism 
We do not consider that the accumulation of bihrubin 
rather than bilirubm glucuronide excludes a block of the 
mechanism secreting cholephils Jaundice due to nor- 
ethandrolone 1s associated with conjugated bihrubin m the 
plasma and it takes some days to develop It 1s probably 
not the immediate effect of enzyme mhibition, as sug- 
gested by Hsia, Dowben, Shaw and Grossman 3, but a 
more chronic and secondary effect on the concentrating 
mechanism luniting the movement of bilirubin glucuronide, 
and so allowing this to appear m the plasma, 
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Upjohn of England, Ltd , Beecham Research Laboratories, 
Ltd, G D Searle and Co , Ltd , and Benge and Co , Ltd, 
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norethandrolone and bunamuodyl respectively 
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6-AMINONICOTINAMIDE AND THE RADIOSENSITIVITY OF HUMAN 
LIVER CELLS IN CULTURE 
By Dk D L DEWEY and CHRISTINE HAWES 


British Empire Cancer Campaign Research Unit in Radiobiology, Mount Vernon Hospital, Northwood, Middlesex 


6-AMINONICOTINAMIDE is a structural analogue of 
nicotinamude, and the physiological disturbances which 1t 
causes in the animal organism are thought to be due to 1ts 
mcorporation unto co-enzymes with a consequent loss of 
ther normal function Herter et al! have shown that 
daily doses of 6-aminonicotmamide are not toxic to 
patients until the cumulative dose exceeds about 5 mg/kg 
body-weight However, m animal experiments the toler- 
ated dose has been increased nearly nine times by the 
simultaneous myection of nicotmamide? Combination 
therapy using 6-ammonicotinamide together with irradia- 
tion has already been claimed to increase tumour regression 
in mice 

With a possible clinical use in mind, Dr L G Picciotto 
suggested testing the effect of 6-ammonicotinamide on the 
radiosensitivity of human cells ın culture For these 
experiments a strain of human feetal hver cells was used 
and the effect of radiation on colony-forming abihty was 
measured In order to obtain accurate control of tempera- 
ture and oxygen tension and to ensure a uniform dose 
distribution the irradiations were carmed out m a water- 
jacketed nylon vessel at 37° C and the cells were suspended 
in phosphate-buffered medium with or without 6-amimo- 
nicotinamide at a concentration of 2mM The suspension 
was rotated by a strong jet of air impinging on the surface 
and was also stirred with a motor-driven nylon paddle 
Samples withdrawn just before and immediately after 
irradiation with 200-kV X-rays were diluted if necessary 
and added to heavily irradiated feeder layers in glass 
bottles contaming bicarbonate medium Cultures which 
had been exposed to 2 mM 6-ammonicotinamide were then 
treated with nicotmamide at a final concentration of 20 


mM in order to reverse the mhibitoiy effect of the analogue 
on cell growth Complete reversal by nicotinamide was 
possible within an hour of adding the 6-ammonicotinamide 
The cultures were incubated at 37° C for 10 days and the 
number of colonies containing more than 32 cells at this 
time was taken as a measure of the number of surviving 
cells in the sample added 

The log surviving fraction plotted agamst X-ray dose 
could be represented by a line with an initial shoulder 
followed by a straight portion. In the absence of 6-amuino- 
nicotinamide the dose giving 37 per cent survival on the 
straight line part was 140 rads, slightly greater than the 
120 rads previously reported for the same cells irradiated 
at20°C (ref 4) The effect of adding 6-aminonicotinamide 
to a final concentration of 2 mM shortly before wradiation 
is shown ın Fig 1 The immediate mpression conveyed 
by the result displayed ın Fig 1 ıs that 6-amimonicotin- 
amude sensitizes cells to radiation damage, and prelummary 
reports have already been published to this effect®® 
More recent work using abnormal telophase figures as the 
criterion of damage suggested that the results shown in 
Fig 1 might not be due to radiosensitization’ 

Ehrlich ascites tumour cells of the mouse were used m 
the initial work on chromosome abnormalities, which 
were examined in telophase of the first post-1rradiation 
mitosis The effect of 6-ammonicotinamide on the radio- 
sensitivity of these cells ın vwo was tested by wradiating 
5-day ascites tumours in the mouse peritoneal cavity in 
the presence or absence of the analogue Two groups of 
mice were mjected intraperitoneally with 065 ml of 
an 80 mM solution of 6-aminonicotmamuide 0 5 h before 
they recerved 300 rads total-body irradiation The 
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Fig 1 The colony-forming ability of human embryo liver cellsin culture 
after exposure to 200-kV X-rays @, Cells irradiated ın suspension in a 
phosphate-buffered medium, O, cells irradiated in medium contaimng 


6-amunonicotinamide, x, 6-aminonicotinamide added to cells 
after irradiation 


mice ın One group were then injected with nicotinamide. 
Half an hour after irradiation the ascitic suspensions were 
transferred into unirradiated host mice and imeubated 
for 15 h, at which time the proportion of abnormal telo- 
phase figures attamed a maximum value The results 
given in Table 1 (experiment 1) show that 6-amuno- 
nicotinamide had no effect on the observed amount of 
radiation-induced damage 3 

In view of this negative result ıt was decided to repeat 
the chromosome damage experiment under controlled 
mn vitro conditions Ascitic suspensions diluted with 
phosphate-buffered saline were brought into equilibrium 
with oxygen and irradiated in the ‘Perspex’ vessel de- 
scribed by Deschner and Gray® 6-Ammonicotinamide at 
a final concentration of 8 mM was added to the test sample 
15 min before irradiation and chromosome damage was 
estimated as in the ın vwo experiments The results of 
radiating cells ın the presence of 6-amimonicotinamide 
together with results of controls ım which the analogue 
was absent or was added immediately after irradiation are 
given in Table 1 (exp 2) Again there was no evidence 
of any sensitization 

The apparent lack of correlation between results 
obtained using colony-forming ability on one hand and 
chromosome abnormality on the other as ertteria of damage 
required further investigation The possibility of explain- 
ing the discrepancy as a species difference was eliminated 
by repeating the chromosome investigations on the same 
human cell line which was used in the experiments 
measuring reproductive integrity ' The cells were grown 
on glass coverslips in small Petri dishes at 37° C for about 
45 h before iwradiation The entire experiment was 
carried out in a ‘Perspex’ gas-tight meubator designed 
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to allow irradiation of the cultures through the closed hd 
All the Petri dishes were irradiated at the same time, 
half of them having recerved 6-ammonicotmamide at a 
concentration of 2 mM- 26 min prior to irradiation 
‘Throughout this procedure, the meubator was gassed 
with air contaming 6 per cent carbon dioxide. After the 
X-ray exposure, nicotinamide at a final concentration of 
20 mM was added to the expermmental cultures and the 
control cultures were incubated m 2 mM 6-amuino- 
nicotinamide for an equivalent length of time before 
nicotinamide was added Previous experiments had 
shown. that the percentage of abnormal telophase cells 
reached a maximum 23 h after wradiation At this tame - 
the covershps were transferred to fixative and the cells 
were stamed and exammed As ın the earlier experiments 
with the Ehrlich tumour the presence of 6-aminonicotin- 
amide during irradiation had no effect on the radiosensi- 
tivity of the human cells as measured by chromosome 
damage (Table 1, exp. 4) 

These results indicated a difference ın the effect of 
6-aminonicotinamide on radiosensitivity as measured by 
chromosome damage on one hand or reproductive death 
on the other, the possibility was mvestigated that this 
difference was due to a change in technique between the 
two types of expermment In the earlier experiments 
establishing the dose-response relations for the destruction 
of reproductive integrity (Fig 1), the cells were irradiated 
in suspension rather than in contact with the glass bottles 
to eliminate uncertaimties in radiation dosimetry How- 
ever, in the work on chromosome damage, the cells were 
growing on glass coverslips when they were exposed to 
6-aminonicotmamide and radiation The survival m- 
vestigations were therefore repeated on cells which were 
stuck to a surface at the time of treatment Cells growing 
in glass bottles were given the same dose of irradiation 
either in the presence or in the absence of 6-amimonicotin- 
amide and the resulting colonies were counted in the 
normal way ‘The results showed that 6-ammonicotin- 
amide had no effect on radiosensitivity under these 
conditions 

The essential difference between the earlier positive 
result shown in Fig. 1 and the later negative results 1s 
that ın the former experiment 6-aminonicotinamide was 
added before the cells were allowed to attach to glass 
and the order was reversed in the later experiments 
The conclusion we drew was that 6-aminonicotinamide 
reduced the plating'efficiency and this was later confirmed 
by an experiment designed to measure this effect directly 


CHROMOSOME DAMAGE” INDUCED BY X-IRRADIATION IN THE 


Table 1 
PRESENCE OR ABSENCE OF 6-AMINONICOTINAMIDE (6 AN) 


Abnormal telophases (per cent) 


Material | Irradiationt | Control | 6 AN before 


and during | 6 AN after 
irradiation | irradiation 
Mouse Or 77 @) 9 8 (2) 
ascites 8 5 (1)* 
1 umour 
cells 300 r 78 3 (5) 76 8 (4) 
4r VIVO 747 (5)* 
Mouse Or 5 2 (3) 8 7 (4) 
ascites 
2 tumour 112r 63 6 (4) 56 6 (4) 65 0 (2) 
cells n vitro 
gas phase 
oxygen 
Human 
3 fætal Or 72 (3) 8 6 (2)* 
liyer cells 
Human 
4 foetal 170 r, an 68 1 (6)* 59 5 (6)? 
liver cells miro gas 
R phase air 


E Excess nicotinamide added withm 1 h of adding 6 AN 
ł Dora measured in roentgens in aw at the position of the irradiated 
sample 
The figures m brackets refer to the number of observations made For 
each observation, a minimum of 200 telophase cells was scored from a single 
mouse or coverslip culture 
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In the earlie: work, cells wradiated in suspension were 
afterwards diluted to give approximately the same num- 
ber of viable cells per ml before plating As a iesult, 
6-aminonicotinamide present m irradiated suspensions 
was diluted to a much greate: extent afte: low doses than 
after high doses ofradiation Thus the reduction of plating 
efficiency with increasing concentration of 6-amimo- 
nicotinamide gave an apparent survival curve of steeper 
slope than the control curve 

The foregomg account has described the experiments in. 
chronological order to wlustrate how easily an experi- 
mental result can be misinterpreted In this case, ıb 18 
interesting to note that the imitial control in which 
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6-aminonicotinamide was added after irradiation (Fig 1) 

did not show the apparent sensitization, which may be 

accounted for by the fact that these cells were plated 

before the 6-ammonicotimamide was added 
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CHANGES IN THE ELECTROPHORETIC PROPERTIES OF RABBIT 
SPERMATOZOA DURING PASSAGE THROUGH 
THE EPIDIDYMIS 


By J. M, BEDFORD 
Department of Physiology, Royal Veterinary College, London, N W I 


HEN washed free of seminal plasma or taken 

directly from the vas deferens or cauda epididymis, 
motile mammahan spermatozoa exhibit a marked tend- 
ency to agglutinate by the head region if suspended m 
homologous heated serum, or in 1sotonic media containmg 
free electrolytes! During examination of spermatozoa 
collected from different regions of the rabbit epididymis 
it was noticed that ın 0 145 M sodium chloride, spe1mato- 
zo@ from the caput region show little capacity for head- 
head autoagglutination As sperm move toward the cauda 
region, however, an mereasmg percentage exhibits the 
capacity for autoagglutmation (unpubhshed observa- 
tions) Mammahan spermatozoa ale known to mature 
with respect to thei fertilizing ability, during passage 
from the caput to the cauda epididymis®’, and thus 1t 
seemed possible that the progressive merease in the 
capacity for autoagglutination during this passage might 
reflect surface changes of mmportance in the epididymal 
stage of the sperm maturation process 

The surface characteristics of cells, as reflected ın the 
č potential, have been mvestigated im several studies 
by means of controlled electrokinetic measurements‘? 
On the assumption that differences in genotype might 
be reflected m the sperm phenotype, and specifically m 
the surface character of spermatozoa, this method has 
also been apphed by several mvestigators m attempts to 
separate male and female determming spermatozoa® In 
an ‘attempt to obtam evidence for the existence of some 
change m the character of the sperm surface during the 
period of epididymal maturation, the electrophoretic 
behaviour of spermatozoa from different regions of the 
epididymis has been examimed therefore, using an appar- 
atus similar to that described by Bangham et al? 

Adult male rabbits were killed by dislocation of the 
neck, and spermatozoa were immediately taken from the 
caput, corpus and cauda regions of the epididymis (Fig 1) 
by incising and squeezing these tissues m a medium of 
0145 M sodium chloride The sperm suspensions were 
then adjusted to a concentration of approximately 
2 miullion/ml and were cooled to 10°C, at this tem- 
perature many spermatozoa fiom the corpus and cauda 
1egions still showed defimte though sluggish swimmmg 
movement The sperm were then transferred to the 
mucroelectrophoresis apparatus, the bath of which was 
maintained at 4°C. At this latter temperature the great 
majority of spermatozoa, soon became immotile, though 
if the temperature were allowed to mse, independent 
sperm movement was again resumed As m earlier 
investigations*:"9, the sperm were immobilized by cooling 


in order that any movement of the sperm mighf be inte - 
preted solely m terms of the response of a charged particle 
m ade electric field All recordings were made at 50 V 
with a current of 1 0 m amp, at 4° C Under these con- 
ditions the resultant electrophoretic component was great 
enough to produce a measurable response in the spermato- 
708, While any rise in temperature and drift due to eon- 
vection currents were delayed long enough for an adequate 
number of readings to be obtained from each sample 

Accurate measurements were made of the electrophoretic 
mobihty of mdrvidual spermatozoa and of the time taken 
for complete re-orientation of oriented sperm after 
reversal of the direction of the electric field Estimates 
were made of the time for any sperm population to 1each 
a maximum state of onentation, and of the mode of 
orientation, that ıs, the percentage of spermatozoa 
oriented tail first, head first, or pomting vertically with 
respect to the attractive electrode In Table 1 ıb can be 
seen that, with the possible exception of rabbit 2, the 
mean mobility of sperm populations from the respective 
regions of the epididymis was similar in all animals, but 
ım each anual the mean mobility of spermatozoa from 
the caput region was clearly lower than that of spermato- 
zoa from the corpus and cauda regions, iespectively 

From Fig 2 it is apparent that although caput spermato- 
zoa generally exhibited relatively lower mobilhties, a few 
caput sperm showed similar mobility to those sperm 
obtained from the cauda region ‘This latter observation 
is consistent with the presence of a small percentage of 
fertile sperm ın the caput region of the 1abbit epididymis" 





Fig 1 Diagiam to show the regions of the caput (4), corpus (B), and 
cauda (CG) epididymis, from which spermatozoa were td dol ool 
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Fig 2 Histogram to show the distribution of electrophoretic mobilities (within a unit 
Black, caput sperma- 
tozoa, stippled, corpus spermatozoa, hatched, cauda spermatozoa 


range} of spermatozoa from the different epididymal regions 


and with the observation that a few spermatozoa from 
the caput do show the capacity for autoagglutimation 
Unhke many other cell types which have been imvesti- 
gated by electrokinetic methods, the sperm cell 1s 
differentiated anatomically, and the surface membrane 
does not appear to exhibit uniform charactemstics over 
the different anatomical regions!? Thus, although the 
electrophoretic mobility may serve perhaps as one para- 
meter for the measurement of sperm matwity, it seems 
that m order to obtain a true or complete mdication of 
the state of the sperm surface, as reflected m the net 
surface charge, both the direction and speed of o11entation 
must also be considered This 1s well demonstrated in a 
comparison of the measurements of sperm from the corpus 
and cauda regions Although the electrophoretic mobility 
was similar in sperm populations from both these regions 
(Table 1), the estimates of speed of initial orientation and 
the times for re-orientation followmg reversal of the 
electric field were markedly different im these sperm 
groups m each of the eight animals tested (Table 2) 
Under the influence of the particular field stiength used, 
spermatozoa from the cauda region soon showed & definite 
orientation response, and after approximately 1-1 5 mm 
the great majority of sperm were seen to be moving tail 
first toward the anode Spermatozoa taken from the 
corpus, on the other hand, orientated more slowly under 
identical conditions The majorty of the spermatozoa 
from the corpus ultimately became orientated with the 
tail toward the anode, but some also remaimed. vertical, 
and m several ammals a small proportion of corpus 
spermatozoa became orientated with the head facing the 
anode Head anode orentation was seen more commonly, 
however, ın spermatozoa, from the caput region Com- 
pared with the behaviour of cauda spermatozoa, the 
tendency for orientation of caput spermatozoa was not 
Table 1 MBAN ELECTROPHORETIC MOBILITIES OF SPERMATOZOA TAKEN 
FROM CAPUT, CORPUS AND CAUDA EPIDIDYMIS, RESPECTIVELY EACH VALUE 


REPRESENTS THE MEAN OF NOT LESS THAN 12 SPERMATOZOA MOBILITY 
EXPRESSED AS #SEC-! V-! OM? AND MEASURED AT 4° C, IN 0145 M SODIUM 


CHLORIDE 
Rabbit Spermatozoa from Spermatozoifrom Spermatozoa from 
No Caput Corpus Cauda 
1 0 2782 (+0 086)* 05227 (40019) 0 550 (+0 012) 
2 0 3461 (+0086) 04229 (240019) 04574 (+0 015 
3 03550 (+0 024) 05759 (40024) 0 5394 (+0010 
4 03778 (40 015 6 6172 (+0 015 05619 (+0 012 
5 0 3405 (+0010) 65616 (+0 025) 0 5874 (40 a 
6 68176 (+0 022 05178 (+0 016 0 5492 (+0014 
Mean 0 3468 (+40 019 0 5363 (+0 027) 0 5371 (+0 025) 
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immediately obvious, and m all caput samples 
tho tıme allowed to elapse before the field 
could be deemed to have reached a state of 
maximum response to the electrophoretic 
component was-relatively very much pro- 
longed 

In rabbit No 8 no true o1ientation response 
could be ehcited in sperm samples from either 
the corpus or from the caput regions, although 
æ normal response was obtained from the 
cauda spermatozoa in this animal In the 
othe: animals, the tıme for re-orientation of 
caput and corpus spermatozoa (mean of at 
least three sperm taken at random from each 
group) was clearly longer in each case than 
the time 1equued for the re-orientation of 
cauda spermatozoa 

Difficulty was expemenced m judging the 
orientation response of spermatozoa in which 
the tail had become bent at the locus of the 
cytoplasmic droplet In media of low ionic 
strength, that 1s, 6 per cent fructose, 1t appears 
that the droplet possesses sumlar electro- 
phoretic properties to those of the sperm head 
In this medium, both the head and the droplet 
are obviously more strongly attracted to 
the anode than is the distal part of the tail 
Such inference of sumilar surface properties 
over the region of the droplet and the head 1s perhaps 
strengthened by the additional observation that, m 
media of high ionic strength, motile spermatozoa appear to 
adhere to the surface of glass slides either by the anterior 
and lateral regions of the sperm head, or by the cyto- 
plasmic droplet In the latter case, the head and the tail 
oscillate freely while the droplet 1emams apparently adher- 
ent to the surface of the slde (unpublished observations) 

Mammehan fertahzation 18 a complex process which 
shows considerable dependence on the environment and 
on the specificity of the participatmg gametes Several 
differences in spermatozoa from the respective epididymal 
regions have been reported}*-1* Yet ın the present state 
of our knowledge of the mammalian, fertihzation process, 
the mereasing capacity for motilty’’, which may be 
related conceivably to changes observed m midpiece 
muitochondria!*.!°, and possibly, though less clearly, also 
changes in the proportions of the acrosome cap of rabbit 
spermatozoa", aie the only differences so far recognized 
which may reasonably be correlated with the disparity m 
fertihzing alhty of spermatozoa from different epididymal 
regions It has been suggested?’ that changes in the 
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Table 2 ORIENTATION IN AN ELECTRIC FIELD (50 V, 1 OM AMP IN 0 145 M 
SODIUM CHLORIDE AT 4°C) or SPERMATOZOA FROM THE CAPUT, CORPLS 
AND CAUDA EPIDIDYMIS RESPECTIVELY <ALL SPERMATOZOA ANODI 


POSITIVE 
Mean time* 
% Head % % Tail Timefor for reversal 
Rabbit Regionof anode Vertical anode orientation of orientated 
No epididymis ~@+ @2 + @~-+ of field | spermatozor 
7 @ (min) (mun) 

7 Caput 75 20 5 43 40 
Corpus — 5 95 83 23 
Cauda — maem 160 0 85 id 

8 Caput Random _ “ee 
Corpus Random — “en 
Cauda — 5 5 125 11 

9 Caput 90 10 —_ 53 2 25 
Corpus 10 60 30 46 28 
Cauda — 10 90 10 14 

10 Caput 46 80 30 5 0 45 
Corpus 10 20 70 3 25 40 
Cauda — — 100 0 85 10 

11 Caput 60 25 15 63 2 26 
Corpus — 15 85 40 20 
Canda -—- 15 85 15 11 

12 Caput 75 15 10 2 25 28 
Corpus 5 16 80 30 20 
Cauda — —_ 100 1 4 14 

13 Caput 80 10 10 40 33 
Corpus 10 5 85 20 25 
Cauda — 10 90 11 09 

14 Caput 40 50 19 66 28 
Corpus — 5 95 53 25 
Cauda — 5 95 16 1 25 


* Three spermatozoa in each group 
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permeability of the sperm surface occur during passage 
through the epididymis The present demonstration of 
the occurrence of marked changes ın the electrophoretic 
behaviour of maturing epididymal spermatozoa, with the 
development of an mereasmg capacity for autoagglutina- 
tion, make ıt seem fairly certam that changes do occur 
over the surface of spermatozoa durmg epididymal 
maturation It 1s not unreasonable to suppose that such 
differences in the sperm surface may be responsible m 
part for the evident inability of the majority of caput 
spermatozoa to penetrate the ovum 

The nature of the change m the sperm surface durmg 
epididymal passage 1s open to further investigation The 
onentation of many caput sperm with the head pomting 
toward the anode indicates the existence of a relatively 
higher net surface charge over the head region im these 
spermatozoa The change in direction of orientation and 
the relatively higher mobility and speed of orientation of 
cauda spermatozoa under the same conditions reflect an 
absolute increase in the net negative surface charge over 
the tail, as the sperm pass through the proximal regions 
of the epididymis These latter findings are in accordance 
with the report by Nevo et al 1° that isolated tails of 
mature bull spermatozoa exhibit a higher net surface 
charge than do the isolated sperm heads The relatively 
slower taiul-anode orientation response of most corpus 
spermatozoa suggests that the change is a gradual 
process, those spermatozoa remaming vertical in the 
electric field probably represent the stage or condition 
i. which the net surface charge over the head approxm- 
ately equals that of the tail region ‘The question now 
remains as to whether or not an absolute reduction mn the 
negative surface charge density of the head region. occurs 
during epididymal passage of the sperm 

The mechanism and significance of the ‘stickiness’ of 
mammalan spermatozoa are not understood, although 
it is clear that for autoagglutination of mammalan 
spermatozoa to occur, the surrounding medium must be 
of a certain ionic strength! It has been suggested that 
the adhesion of cells may depend to a certain degree on 
the principles advanced ın the Verwey-Overbeek*! theory 
for the stability of lyophobic colloids, ın which the energy 
of interaction, 18 presumed to depend in part on a repulsive 
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force proportional to the net surface charge In the 
present context, it ıs noteworthy that spermatozoa 
fail to exhibit head—head agglutmation ın media ın which 
head—anode orientation was shown m the muicroelectro- 
phoresis cell, in this mvestigation, and m other unpub- 
lished studies using media of low ionic strength From 
this fact 1b seems possible to speculate that ın media of 
low iome strength the mereased net surface charge over 
the head region in all epididymal spermatozoa may exert 
a repulsive force great enough to negate any mbherent 
attractive forces ın the sperm surface Although most 
caput spermatozoa fail to agglutinate also ın media of 
high ionie strength, their weak head-anode orientation 
response in the electric field, m this type of medium, 
renders it probable that the failure to agglutinate may 
be due equally to the absence of attractive forces over the 
ummature sperm surface 

I thank Dr A D Bangham for advice, and for the 
provision of laboratory facilties at the Agricultural 
Research Council Institute of Animal Physiology, 
Babraham 
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: BENCE-JONES PROTEIN 
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ENCE-JONES protems were classified unmuno- 
logically into two antigeme groups, A and B, by 
Korngold in 19561 He identified antigenic groups among 
sorum myeloma proteins as well? Mannik and Kunkel 
further classified all the wummunoglobulms into two 
distmet antigenic groups? and demonstrated that the 
same antigenic determmants are mvolved m groupmg 
immunoglobulins, serum myeloma protems, and Bence- 
Jones protems Thus, group 1 y-globulins, Korngold 
group 1 myeloma protems, and Korngold Type B Bence- 
Jones proteins share antigenic determmants and are all 
classified as group 1 lLakewise, there is antigenic simuarity 
among group 2 y-globulins, Korngold group 2 myeloma 
protems, and Korngold type A Bence-Jones proteins, 
these constitute group 2. This article will follow the 
nomenclature suggested by Manmk and Kunkel 
Migita and Putnam demonstrated that the Bence-Jones 
protems are related to the electrophoretically slow (S) 


fragment of a papam digest of the same antigenic type 
myeloma protem* In addition, they, as well as Mannik 
and Kunkel, showed that patients with group 1 serum 
myeloma proteins usually excrete group.1 Bence-Jones 


protems, while those with group 2 serum myeloma proteins . 


typically excrete group 2 Bence-Jones Edelman recently 
demonstrated the chemical and immunological correspond- 
ence between the Bence-Jones proteim and hght (L) chams 
cleaved from the myeloma protem of the same patients 
The investigation reported here was undertaken to 
evaluate the antigemie nature of individual Bence-Jones 
protems 

Producton of Group Specifie Antisera to Bence-Jones 
Proteins Group specific Bence-Jones antibodies were 
produced im the following way SBence-Jones protems 
were separated®, typed’, and injected imto a senes of 
New Zealand albino rabbits Each rabbit was myected 
with a total of 450 mg of a Bence-Jones protem from a 
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Fig. 1, left: Centre well, antibody against group 1 Bence-Jones (patient 
40) absorbed with human serum, Peripheral wells: a, group 2 Bence- 
Jones (patient 20); b, group 1 Bence-Jones (patient 40): e, group 2 
Bence-Jones (patient 2); d,.human serum. Right: Centre well, anti- 
body against group 2 Bence-Jones (patient 20) absorbed with human 
serum. Peripheral wells: a, group 1 Bence-Jones (patient 40); b, group 
2 Bence-Jones (patient 20); ¢, group 1 Benee-Jones (patient 41); 
, human serum 





Fig. 2, left: Centre well, antibody against group 1 Bence-Jones (patient 
40) absorbed with lyophilized y-globulin. Peripheral wells: a, group I 
Bence-Jones (patient 42); 6, group 1 (patient 40); ¢, group 1 Bence-Jones 


(patient 41); d, pooled y-globulin, Right: Centre well, antibody 
against group 2 Bence-Jones (patient 20) absorbed with lyophilized 
s»lobulin. eripheral wells: a, group 2 Benee-Jones (patient 23); 


Ë, group 2 Bence-Jones (patient 20); e, group 2 Bence-Jones (patient 21): 
d, pooled y- -globulin 





Centre well, antibody against group 1 Bence-Jones (patient 


Pig. 3, left: 
40} absorbed with lyophilized normal human serum and group 1 Bence- 


Jones protein (patient 41). Peripheral wells: a, normal human serum: 
b, group 1 Bence-Jones (patient 40); e, group 1 Bence-Jones (patient 41): 
d, group t Benee-Jones (patient. 42). Right: Centre well, antibody 
against group 2 Bence-Jones (patient 20) absorbed with normal human 
Perim and group 2 Benece-Jones protein (patient 21). Peripheral wells: 
My human SPHE b, group? papel se (patient 20); ¢, group 2 Bence- 
i | Sones s (patient MR ; group 2 Bence-Jones (patient 23) 






: ‘ ing. Fround’s complete adjuvant, over a 
i six months. Double immuno-diffusion agar-gel 
| ‘studies were performed" using 0-2 ml. antiserum in the 
„centre well, and in peripheral wells, antigens consisting of 
0-2 ml. of 0:1 per cent Bence-Jones proteins, 0-2 mi. 
pooled lyophilized human y-globulin with concentrations 
varying from 1 to 160 mg/ml., or human serum diluted 
1:10. The antisera were absorbed with normal human 
remove > antibody activity against non-specific 
present in the immunizing sample. 
ip. 1 Bence-Jones protein reacted with 
t not with group 2 proteins (Fig. 1, 
e line of the group 1 reaction is 
sd 
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2 samples nor did group 2 antisera react with group 1 
samples after absorption of the contaminants. 

Demonstration of Antibody Poteney following Absorption 
with y-Globulin. Antisera were incubated at 37° C 
for 15 h with lyophilized pooled human y-globulin 
(16 mg/ml. antiserum). The mixture was centrifuged at 
13,000 r.p.m. for 30 min at 4° C, The clear supernate was 
used as absorbed antibody. These absorbed antisera 
reacted with the immunizing Bence-Jones protein as woll 
as with other Bence-Jones proteins of the same antigenic 
group but from different patients. No reactivity was 
noted with y-globulin (Fig. 2}. Spur formation was 
observed in the group 2 system when the immunizing 
Benco-Jones protein was compared in adjacont wells with 
Bence-J ones proteins from different patients (Fig. 2, right). 
The spur formation suggests antigenie deficiency among 
the Benee-Jones proteins of the same group from different 
patients when compared with the immunizing Benco- 
Jones protein, and also suggests individual specificity of 
the immunizing Bence-Jones protein. No spur formation 
was demonstrable in the group 1 system. _ 

Antisera to group 1 and 2 Bence-Jones proteins were 
individually absorbed with human serum (8 mg/ml.) as 
already described here. The supernate was further 
absorbed with 8 mg/ml. of Benee-Jones protein of the 
same group but from a different patient. In each CASO, 
the antibody retained activity against the immunizing 
Bence-Jones protein but lost potency to two other 
Bence-Jones proteins of the same group from different 
patients (Fig. 3). This reactivity was more pronounced 
in the group 2 system. These results further substantiate 
the evidence that Bence-Jones proteins are individually 
specific. 

Relationship of Individual Bence-Jones Proteins of a 
Given Group to Each Other. As the y-globulin aucun 
investigations indicate, Bence-Jones proteins of the same 
antigenic group react with the group specific Bence-Jones 
antibody despite y-globulin absorption (16 mg/ml.) 
calculated to be greater than 10 times equivalence. Those 
findings indicate that Bence-Jones proteins of the same 
antigenic group share a ‘core’ of determinants, which is 
common to the group. The fact that the ‘common core’ 
remains detectable after absorption of the antibody with 
y-globulin suggests that it differs qualitatively or 
quantitatively from normal pooled human y-globulin. 
According to present concepts, Bence-Jones proteins 
may be considered unincorporated components of the 
y-globulin molecule and, therefore, may represent 
the product of asynchronous synthesis of a diseased 
plasma cell. Thus, any qualitative difference observed 
between the ‘common core’ shared by Bence-Jones 
proteins of a given group and normal pooled. y-globulins 
could be a function of: (1) preparative artefact; (2) un- 
masking of hidden antigenie sites; or (3) a true primary 
structural difference as might be expected of an abnormal 
protein. The proliferation of a clone of cells producing 
large amounts of a protein found in extremely small 
quantities in the normal spectrum of y-globulins might 
explain a postulated quantitative difference. The data 
presented do not allow a clear determination of the 
foregoing possibilities. 

This work was supported by research grant C~1905 
from the National Cancer Institute of the U.S. National 
Institutes of Health, and by a U.S. Publie Health Service 
training grant 24-5337 from the National Institute of 
Arthritis and Metabolic Disease. 
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MHE possibilities for the examination of chemical 
arcinogenesis could be considerably enhanced by 


a demonstrating that the change of normal to tumour cells 


tan be obtained in vitro with chemical carcinogens. 
- Although there have been several attempts to induce 
. this change in vitro'!, in earlier experiments the cells had 

been grown in tissue culture for long periods. It was still 
. difficult to decide from these earlier experiments whether 
the altered cells found after treatment had been induced 
by the carcinogen that had been added!, or whether there 
had. been a selection in culture of altered cells that had 
arisen independently of the treatment. 

One of the first steps in the examination of chemical 
carcinogenesis in vitro thus seemed to be to determine 
whether hereditary changes can be directly induced. We 
have paid particular attention to changes in organiza- 
tion resulting in a random arrangement of the cells, 
which will be referred to as a decrease in contact inhibi- 
tion®. This criterion had been successfully used to 
establish in vitro transformation with polyoma virus 
(PY) (ref. 3), and with PV it was further found that in vitro 
transformed cells could progressively grow as tumours 
when inoculated into animals. The aim of the work 
recorded. here was to determine: (a) whether cell trans- 
formation in vitro resulting in a hereditary decrease of 
-contact inhibition can be obtained by treatment with 
chemical carcinogens; (b) whether these careinogens can 
directly induce this transformation. Three chemical 
carcinogens, 3,4-benzpyrene (BP), 3-methylcholanthrene 
(MC), and ethyl carbamate (urethane), were tested with 
hamster. and mouse cells. In addition to the treatment of 
short-term mass cultures, the effects of these carcinogens 
were tested on cells plated for cloning, to investigate the 
hereditary nature of any observed transformation, the 
frequency of transformed cells, and the possibility that 
the carcinogen merely selects transformed eelis that. oecur 
spontaneously. 
= I-or 2-day-old secondary cultures from golden hamsters 
and C57 .B1/6 mouse whole embryos were used as a source 
_ Of normal cells. Cultures were grown in 50-mm plastic 
Petri dishes (Falcon Co.) with Eagle’s medium containing 
a four-fold concentration of amino-acids and vitamins 
plus 10 per cent calf serum, in a humidified incubator 
- with a constant flow of 10 per cent carbon dioxide in air. 
Cells were cloned on X-irradiated rat feeder cells‘. For 
the assay of transformed clones, the plates were fixed 
and stained with May-Griinwald-Giemsa after 7 days of 
incubation’. Plates were seeded at 1 x 10° cells for mass 


mt 


cultures and at 1 x 10 or 5 x 10t cells per plate for 
cloning. l 

The carcinogens BP and MC were used in the form of- 
paraffin disks made of ‘Millipore’ filters* (0-45u porosity | 
and 150u thickness) dipped into a solution of melted 
paraffin (m.p. 56° C) containing 5 per eent (w/w) of the- 
carcinogen heated to 180° C. After the wax had solidified, 
the filters were cut into disks (0-6 em diameter), with a 
paper punch, sterilized with 70 per cent ethanol, and 
stored in the dark. For treatment with BP or MC, one 
disk was added per Petri dish. Urethane was. added 
directly to the culture medium. For the experiments. 
with PV, mass cultures were infected with the small 
plaque polyoma mutant SP2 (ref. 4) at a virus: cell 
ratio of 10 plaque forming units per cell (2 h adsorption), 
before the cells were plated for cloning. 

The first experiments were carried out using BP and 
hamster cells, and it was repeatedly found that in addition 
to a toxic effect on a proportion of the cell population, 
there existed, among the survivors, cells that were fusiform 
in shape and exhibited a random pattern of growth. Colon- 
ies of such cells were found both after treatment of mass 
cultures with BP, and after treatment of cells which had 
been plated for cloning. No such colonies were found in 
untreated control cultures, or after treatment with disks 
containing only paraffin. It was seen from the cloning 
experiments that a hereditary cell transformation resulting 
in a decrease of contact inhibition had been obtained by 
treatment with BP im vitro, The transformed clones were 
identified by the random arrangement of cells with a 
fusiform tendency, and they could be distinguished from 
clones of cells transformed by PV, in that they did not 
pile up on one another as much as the PV transformed 
cells (Fig. 1). As in the case of PV transformation‘, there 
was still some degree of contact inhibition. Transformed 
cells could be inhibited from forming clones when grown 
together with normal cells in confluent cultures. 

Representative results on cloning efficiency and per- » 
centage of transformed clones (that is, percentage of ` 
transformed/total number of clones), after various: periods 
of BP treatment are given in Table 1. The results include _ 
experiments with BP treatment before cloning, after 
cloning, or both before and after cloning. All the experi- 
ments in Exp. 4 were carried out on one batch of cells, 
and those in Exp. 1 on another batch of cells. As expected, 
there was a considerable decrease in cloning efficiency of 
the BP-treated cultures due to the toxie effect of the 
carcinogen. 


Table 1. PERCENTAGE OF in vitro TRANSFORMED HAMSTER EMBRYO CLONES AFTER TREATMENT WITH BENZPYRENE AND/OR POLYOMA VIRUS 


Exp. Type of Time of Total No. 
No, treatment* BP treatment ft clonest 
ta Paraffin a 872 
LE BP p days be. 310 
44 None mame 615 
4B BP l € days b.e. 478 
4c BP+PV 2 days bee, 336 
4D BP 2 days b.e, +-Oa.c. 692 
4E BP+4PY 2. days t.c.+0a.c, $22 
4F PY eren ~ 2.400 
4G BP 0 ae. 231 
4H BP+PV O ae, 582 
4] BP+PV 1 day a.e. 678 
4] BP+PV 4 days ac. 618 


Total No. Total No. Per Per cent Per cent 
BP trans- PV trans- cent BP trans- PY trans- 
formed formed cloning formed formed 
clones clones efficiency clones clones 
($ Q 0 0 0 
55 ğ 0-08 17-8 0 
0 0 1:5 0 0 
25 0 MB- 52 0 

28 4 0-4 8°3 1°2 
57 0 0-2 8-2 0 
52 ił 0- 16-1 O°3 

0 Bi . 8d 0 1°8 
38 0 0-6 16-5 Q 
98 3 0°7 18-8 0 

178 1 0-8 26-3 0-2 

127 Ei] 0-3 20-6 1-0 
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Fig. 1. 
G and H are uncloned cultures. 
(centre) and normal (xe. 5:7), 
K=PV transformed ( xe. 18). 

H = Same as G after 16 days of BP treatment to show toxic effects of carcinogen i xe, 117). 


AL are photographs of cells derived from hamster embryos. 
A-~=BP transformed (xe. 5-7). 


Fe: BP transformed { xe. 117). 


A-E-=fixed and stained ; 


In Exp. 1, mass cultures were treated with BP for 
9 days and the cells then cloned. The results show that 
there were 17-8 per cent transformed clones in the experi- 
mental, and no transformed clones in cultures that had 
been pre-treated for the same period with disks containing 
only paraffin. A reduction of the period of treatment to 
2 days before cloning (Exp. 4B and 4C) still gave, in 
two experiments, 5-2 and 8-3 per cent BP transformed 
clones in comparison to 1-3 per cent PV transformed 
clones. This percentage for PV transformation is com- 
parable with that obtained in previous experiments with 
this PV mutant on hamster embryo cells grown under 
similar conditions’. The percentage of BP transformed 
ies in Exp. 4, with various times of treatment, ranged 
frott to 26-3 per cent. 

It appeared unlikely, from ther results of the 2-day 
treatment with BP before cloning, that the transformation 
was merely due to a selection by the carcinogen of trans- 
formed cells that had arisen spontaneously independently 
of the carcinogenic treatment. But in order further to 
establish this point, experiments were carried out on 
adding the carcinogen to cells that had been plated for 













es cloning. The data show (Exps. 4G’-4J) that when BP 


was added either at the time that the cells were plated 

_ for cloning, or even at 1 or 3 days after cell plating, there 
were 16-5-26-6 per cent BP transformed clones in the 
ltures, and no such transformed clones 

PV infected cultures. Regarding the 
P was added at three days after 

ng experiments are required to 
“transformed clones. obtained by 
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A-F are clones and 
Be PV transformed 
C= BP transformed (xe. 18). D=<normal (xe. 18), 
G = Normal (xc. 117). 


F-H «living eultures, phase contrast 
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adding carcinogen after cell divisions had 

presumably occurred in the clones, consist 

of a mixture of transformed and normal 
cells. 

These results thus indicate that BP can 
induce in vitro cell transformation, and 
that this transformation, as in the case of 
PV induced transformation’, was induced 
as a direct result of the action of the car- 
cmogen, and not merely by the selection of 
spontaneously occurring transformed cells. 
Similar results have also been obtained 

_ after MC treatment of hamster embryo 
cells, and after BP and MC treatment of 
mouse embryo cells. The in vivo behaviour 
of the cells transformed by BP and MC in 
vitro is now being tested by cell inoculation. 
into animals. 

In contrast to the results with BP and 
MC, no transformed clones were found in a 
total of about 2,400° hamster embryo 
clones and 960 mouse embryo clones 
examined after treatment with urethane 
at 10 mg/ml. for 3 days before cloning. 
Urethane can produce different types of 
tumours in vivo, but it seems predom- 
inantly to produce tunours of the lung‘. 
Further investigations should be able to 
establish whether these negative results 
with urethane are due to the absence of 
appropriate target cells in sufficient number 
in the embryo cultures used in the present 
experiments, or whether the absence of cell 
transformation in vitro may be related to 
the possibility that the carcinogenic effects 
in vivo are due not to urethane itself, but to 
some metabolic derivative that is produced 
in the animal but not in tissue culture. It 
should be noted that, although BP or MC 
applied as disks did not produce a toxic 
effect on cultures of two tumour-producing 
PV in vitre transformed cell lines (one from 
hamsters and one from C57 B1/6 mice), 
whereas disks containing the same con- 

centration of BP or MC produce a clear toxic effect on 
cultures of normal embryo cells, no such differential 
toxicity was found when the same cell lines were com- 
pared with normal embryo cells at urethane concentra- 
tions of 0-1, 1, 10 and 30 mg/ml. 

Regarding the resistance to the toxic effects of carcino- 
genic hydrocarbons that has been observed with various 
tumours®:7, treatment with BP at different times after 
PV infection (for example, Exps. 4H#-4J7) should enable 
one to establish exactly how long after virus infection PV 
transformed cells acquire this resistance. 

A test on resistance to MC and BP and malignancy in 
vivo was also made with two cell populations of the 
long-term hamster tissue culture line BHK*®. An un- 
cloned population of BHK 21 gave, after 7 days’ treat- 
ment of mass cultures with disks of MC or BP, 92 and 
78 per cent, respectively, of the total cell count of 
paraffin-treated controls. However, clone 13, which 
was derived from an earlier passage of BHK 21 and 
showed a different growth pattern in vitro, gave after 
the same treatment 28 and 16 per cent, respectively, of 
the total coll count of the control cultures, and thus 
appeared to be as susceptible as normal hamster cells. 
One month after subcutaneous inoculation into 2-month- 
old hamsters, the uncloned BHK 21 inoculated at 
2 x 104 cells per hamster had produced progressively 
growing tumours in 5/5 animals, whereas clone 13 had not 
produced tumours in 5 animals inoculated with 2 x 105 
cells. The more resistant population of BHK was thus 
also more malignant in vivo. The mechanism of this 
resistance to carcinogenic hydrocarbons in the tumour 


P tested i is so afar: ae. Oe possibility = 
resistant colls there. may ‘be a decreases 
the carcinogen owing to changes i in the coll sur 
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It can be seen from Table 1 that there was a Siva ve e 


apparently normal-looking clones even in cultures troated 
-with BP both before and after cloning. Further experi- 
ments. including re-cloning are thus being carried out, 
to determine whether these apparently normal-looking 
clones have a hereditary resistance to the toxic action of 
BP or MC without a decrease in contact inhibition, and 
whether cells transformed by BP or MC are invariably 
_- resistant to the toxic action of these carcinogens. 
Co The. foregoing results seem to indieste the feasibility of 
: studying ‘cell. transformation by chemical carcinogens 
in vitro, and a similar approach may prove useful to 
examine the in vitro effects of radiation. If the results of 
cell inoculations into animals will show that the cells 
transformed in vitro with chemical carcinogens can grow 
progressively as tumours in vivo, the present in vitro 
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the animal. 
This work was as supported. by research grant CA-052 from 
the National Cancer Institute, U.S. Public Health Service. 
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TEICHOIC ACID AND THE GROUP ANTIGEN OF LACTIC 
STREPTOCOCCI (GROUP N) 


By Dr. S. D. ELLIOTT 


The Rockefeller Institute, New York, and Department of Animal Pathology, 
University of Cambridge 


HE immunological activity of bacterial glycero- 
-phosphate polymers (teichoic acids) was first de- 
scribed by McCarty', who extracted these substances from 
a variety of micro-organisms and found them reactive 
with serum containing antibodies to the polyglycero- 
phosphate of group A streptococci. Recently, serologically 
reactive teichoie acids of taxonomie interest have been 
isolated from. several bacterial species?*, and it is the 
purpose of the present communication to report an 
example from the lactic streptococei (group N) in which a 


galactosyl glycerophosphate polymer appears to be the- 


group antigen. 

Sharpe’ found serologically identical type-specific anti- 
gens. in certain strains of enterococei and lactic strepto- 
cocei. Ihave confirmed this observation and furthermore 
have found that the type-specific carbohydrate antigens 
of enterococei are located in the bacterial coll-walls’. The 

_ group-specific antigon of the enterococei (group D), on the 
other hand, is an ‘intracellular’ glucosyl glycerophos- 
phate polymer’, and it seemed possible that a chemically 

‘similar but serologically distinct intracellular substance 
might be the group antigen for the lactic strepto- 
eoeci (group N). Accordingly, intracellular teichoic acid 
was extracted from two different strains of group N 
streptococci and subjected to chemical and serological 
analysis. 

The group N streptococci selected for investigation 
were strains 6681 and B209. The former is catalogued 
under this name in the National Type Culture Collection 
but is sometimes referred to as the ‘Orla Jensen’ strain. 
Strain B209 came from the collection of Dr. R. C. Lance- 
field, who received it under the designation LEl from 
Dr. J. M. Sherman. 

Precipitin tests revealed in dialysate broth culture 
Giltrates « of strain 6681 a small amount of group N antigen; 
it was absent from culture filtrates of strain B209. This 
extracellular group antigen was precipitated from the 
culture filtrates by the addition of ammonium sulphate 
to 0-8 saturation and amounted to about one-tenth the 
yield later obtained by disrupting the cocci. The 
intracellular group antigen was extracted from both 
strains and partially purified by the procedures already 
described for the isolation of group D antigen from entero- 
aoecit, Washed cocci were disrupted by shaking with 


galactose and- ph 


glass beads (Ballotini No. 13) in a mickle disintegrator 
and the cell contents separated from the cell-walls by 
centrifugation for 2 h at 40,000g. The cell contents 
fraction reacted strongly with group N antisera of hetero- 
logous type and continued to do so after digestion with 
nucleases ‘and proteinases followed by prolonged dialysis 
against distilled water. The group N antigen was then 
precipitated from the digest by adding 1 volume of ethanol. 
After washing in ethanol and ether, the dried precipitate 
contained in addition to the group antigen approximately 
30 per cent of nucleic acid. Most of the latter was removed 
by dissolving the dried material in 1 per cent calcium 
chloride and adding one-fifth volume of ethanol’. The 
nucleic acid was precipitated by this procedure while the 
group antigen remained in solution from which it, in. 
turn, was precipitated by the addition of 1 volume of 
ethanol. This precipitate was washed in ethanol and 
ether and the dried material used for chemical. analysis. 

Samples of 5-10 mg were examined by paper chromato- 
graphy after hydrolysis in 4 N hydrochloric acid for 6h. - 
at 100° ©.. The chromatographie procedures and the > 
quantitative methods later used for the estimation of ~~ 
hexoses and phosphorus were the same as had been ` 
utilized in the analysis of group D antigen? , 


When examined by paper chromatography acid hydro- 


lysates of group N antigen preparations from both strains 
were found to contain glycerol phosphate, galactose 
phosphate and galactose. In addition, all preparations 
were contaminated with nucleic acid varying in amount 
from 3 to 30 per cent as estimated by absorption at 260 
my. The most highly purified material came from strain | 
6681 and contained, in addition to glycerol, 10 per cent of 
galactose, 3°53 per cent of phosphorus and 3 per cent of 
nucleic acid. It seemed possible that in the group antigen 
galactose was present only in the phosphorylated form 


and that part of this became degraded during the acid” x 


hydrolysis preceding chromatography. In the quantita- 
tive determination of galactose’, therefore, the group 
antigen preparations were compared with standard 


solutions of galactose-6-phosphate (barium salt) since this 
showed greater ab; 


s sorbaney at 600 mu than did equivalent 
i d-galactose. The proportions of 

osphorus in the best preparation, 10 per 
cent and 3-5- per cont respectively, are equivalent to a 






concentrations 


o some metabolic ac mn 2 
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molecular ratio of 6.11-4 Assummg that the group 
N antigen 1s mdeed a glycerophosphate compound, this 
ratio could be accounted for by a polymer the units of 
which each contamed one galactose phosphate and one 
glycerol phosphate sub-unit, adjacent units bemg lmked 
through the glycerol phosphate groups 

Further evidence for the participation of galactose 
phosphate m the structure of the group N antigen came 
from the results of quantitative precrpitm imbibition 
tests These showed that when galactose-6-phosphate 
and purified group N antigen from stram 6681 were 
present im a ratio of 500 1 there was approximately 
25 per cent mbuibition of precipitation by group N anti- 
serum. No mbhibition could be detected when either 
d-galactose or dextrose was substituted for galactose 
phosphate Both galactose-6-phosphate and galactose-1- 
phosphate had inhabitory activity, but the latter was not 
tested on a quantitative basis 
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Table 1. PRECIPITIN REACTIONS OF STREPTOCOCOAL TEICHOIO ACIDS 
Rabbit antiserum to streptococe: of 


Streptococcal teichole stated group 

acid from Group A Group D Group VY 
Group A (1 mg/ml ) ++ — zs 
Group D (1 mg/ml ) + oh ‘est 
Group N (0 1 mg/ml ) + T ++ 


The results of precipitation reactions between intra- 
cellular teichoic acids from streptococci: of groups A, D 
and N and ther corresponding antisera are shown in 
Table 1 It will be seen that whereas the group A serum, 
contaimng antibodies to the unsubstituted glycerophos- 
phate polymer, precipitates with all three teichoic acids, 
the group D and group N sera react only with the homo- 
logous antigens There are two obvious reasons for the 
cross-reaction between group N antigen preparations and 
the antiserum to group A polyglycerophosphate First, 
1t may be due to the presence of unsubstituted poly- 
glycerophosphate in the group N preparations In support 
of this explanation, mtracellular material from stram 
B209 was found to contam a mixture of glycerophosphate 
and galactosyl glycerophosphate polymers from which 
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the former could, in part at least, be separated by virtue 
of its greater solubnlty m ethanol or trichloroacetic acid 
A simular mixture may also have been present im the 
group N preparations from stiam 6681, although here a 
separation of the two components was not achieved 
Evidence suggestive of such a mixture, however, came 
from gel-diffusion experiments m which group N prepara- 
tions from strain 6681 when tested agamst group A 
polyglycerophosphate antiserum formed two precipitin 
hnes one of which was continuous with the lme formed by 
group A polyglycerophosphate Secondly, the serological 
cross-reaction may be due to the glycerophosphate 
‘backbone’ common to the structure of both the unsub- 
stituted and the galactosyl substituted polymer In 
support of this explanation 1s the result of an absorption 
experiment m which purified group N antigen from strain 
6681 (01 mg) was mixed with serum containing anti- 
bodies to group 4 polyglycerophosphate (1 ml) The 
group N antigen was completely precipitated from solu- 
tion by the polyglycerophosphate antibodies, and at the 
end of the expermment the absorbed serum no longer 
reacted with the homologous glycerophosphate polymer 

In summary, 1t appears that the group antigen of the 
lactic streptococec: (group N) contaims galactosyl glycero- 
phosphate probably m 2 polymerized form Galactose 
phosphate constitutes part at least of the immunologically 
determinant group Some streptococe: of group N 
contain a mixture of galactosyl and unsubstituted glycero- 
phosphate polymers 

I thank Dr R C Lancefield for group N antisera and 
Dr E C Gotschhch for the phosphorus determmations 
The work was supported m part by US. Pubhe Health 
Service grant HE 04379 
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EVIDENCE FOR NON-ALLELISM BETWEEN GENES AFFECTING HUMAN 
SERUM CHOLINESTERASE 


By Pror H. HARRIS, E. B. ROBSON and A. M. GLEN-BOTT - 


Medical Research Council Human Biochemical Genetics Research Unit and 
Department of Biochemistry, King’s College, London > 


AND 
J. A. THORNTON 
Department of Anzsthetics, University of Sheffield 


N examination of human serum cholinesterase by 
starch-gel electrophoresis, usmg sera from many 
different mdividuals, revealed that several components 
with the characteristics of that enzyme were regularly 
present, though one of these components, referred to as 
Ca was very much more prommont than the others?*, 
Furthermore, m some sera an extra component, Cs, was 
found This appeared to be an mdividual characteristic 
and to be genetically determmed The (,+ phenotype 
has now been observed in about 10 per cent of a random 
sample of British people, and family exammations indicate 
that most mdrviduals of this phenotype are probably 
heterozygous for a gene which determines the presence 
of the component Another interesting feature 1s that 
C; + individuals have been found to have, on the average, 
shghtly higher levels of serum cholmesterase activity 
than O,— individuals’, a finding which suggests that the 
C, component may have no detectable counterpart in the 
C,— phenotype 


It has also been shown that a gene which determines 
the occurrence of an atypical form of serum cholinesterase 
with unusual mhibrtion properties occurs with a frequency 
of about 0 02 in British and other European populations? 
This gene will be referred to as E,” and 1ts common allele 
as Æ”. The three genotypes #,"H,", HyYYH,* and HE, 
are generally distinguished by determming what has been 
called the dibucaie number (DN)? This 1s the percentage 
mhuibition of serum cholmesterase activity produced by 
the mhıbıtor dibucame under certain standard conditions 
EEY, EVE, and ELEL imdividuals have DNs of 
around 80 + 2, 62 + 4, and 20 + 3 respectively, and are 
said, to have the ‘usual’ (U), ‘intermediate’ (I) and ‘atyp1- 
cal’ (A) phenotypes as defined by dibucame number 
determination. . 

The question arises as to whether the gene which 
determines the occurrence of C; 18 allele or non-allelic 
to the genes #," and Ef Wo have obtamed information 
about this from the examination of two kmdreds m 
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Fig 1 Pedigrees of two kindreds in which the four phenotypes UCs —, UC,+, IC,— and I1C,+ are found 


which all these genes are segregatmg Individuals of 
four different phenotypes could be identified by a com- 
bination of the results obtamed from starch-gel electro- 
phoresis with those obtamed from DN determmation 
using whole serum The four phenotypes will be referred 
to here as UC,;—, UC; +, 10;— and IC+ The eritical 
famihes in testing for allehsm or non-allelism are those 
where one parent is heterozygous for the gene E% and 
also for the gene determmmg C, (phenotype IC;+), and 
the other parent 1s homozygous for the usual allele or 
alleles (phenotype UC;—) The relevant parts of the 
kindreds are shown in Fig 1 There are seven matings of 
the critical type where both parents could be examimed, 
and among the seventeen children of these matings four 
phenotypes were observed with the followmg frequen- 
cies UC, — 2, UC; + 8, IC; — 3, IC, + 4 There was 
also one mating of a woman of the IC,;+ phenotype 
where the husband could not be tested but had a high 
probability of bemg of the UC;— phenotype In this 
case the three children were respectively UC,;—, IC,— 
and IC;+ Hf the genes are non-allelic Zour different 
penotypes would be expected among the ch:ldren of such 
matings and the four corresponding phenotypes were m 
fact observed If the genes are allehe only two genotypes 
(corresponding to the phenotypes UC,;+ and IC;—) 
would be expected However, the interpretazion 1s slightly 
complicated because ıt has been found that m occasional 
individuals, who, from their family relationships, would be 
expected to be carrying the gene determmuing the presence 
of C,;, the component cannot be demonstrated Such 
‘overlaps’ might sunulate non-allelism m the foregomg test, 


even if the genes were allelic However, if the genes 
were mdeed allelic, 11 would be necessary, m order to 
explam the results, to postulate an unreasonably high 
rate of non-manifestation. Thus, to account for the IC, + 
individuals among the children ın these families, 1+ would 
be necessary, 1f the genes were allelic, to suppose that at 
least 4 out of these 7 UC,;— tested parents were m fact 
heterozygous for the gene determmmg OC, They were all 
unrelated, and ıt has been estimated from other mvestiga- 
tions that less than one m fifty of randomly selected 
mdividuals with the phenotype UC,— m the English 
population are non-manfesting heterozygotes for the 
gene determinmg C; Thus, itis very hkely that the genes 
are non-allelic 

If the occurrence of component C, depends on a gene at 
a locus different from the locus of the genes B,” and E$, 
it 18 of some interest to know whether E,” and Æ, affect 
the inhibition characteristics of C, in the same way as they 
affect the mhibition characteristics of component C, 
which constitutes the major proportion of the serum 
chohnesterase in both O,— and C+ individuals We 
have examined these pomts by comparmg the mhibition 
characteristics of components C, and C, after thew separa- 
tion in starch gel 

Horizontal unidimensional starch-gel electrophoresis 
was carried out using 2 éris/ertrate buffer system at pH. 5 0 
(gel buffer 0016 M sucemic acid, 00184 M tres bridge 
buffer 1 6 M sodium hydroxide, 041 M citric acid) The 
zones of serum cholmesterase activity were detected. 
as previously described?, usmg «-naphthyl acetate as 
substiate In each experiment the same set of serum 
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Without mhibiter With inhibitor 


Fig 2 Diagram showing the effect of the inhibitor RO 2-0683 (10-? M) on serum 
cholinesterase components O, and C, 1n individuals of the U and I phenotypes The 
C. and C, components were separated by starch-gel electrophoresis at pH 5 
sera in the gel without the inhibitor were diluted 1 in 4 with buffer, while the sera in 


the gel containing mhibrtor were undiluted 


samples was 1un on two separate gels in the presence and 
m the absence of mhibitor The immbitor used was 
RO 2-0683 (Roche), which has been shown to give 2 
somewhat greater discrimination between the ‘usual’ and 
‘Intermediate’ phenotypes than dibucaime® It was 
usually added to the appropriate gel and bridge buffers 
to a concentration of 10-7 M Sera of the four pheno- 
types UC,—, 1C,—, UC,+ and IC;+ were used The 
degree of inhibition was established approximately by 
comparing undiluted serum on the gel with mbibitor 
with serial dilutions of serum on the gel without m- 
hibitor 

The results of a typical experiment are shown diagram- 
matically in Fig 2 Sera of types UC,;— and IC;— give 
only a single zone of activity m the gel without mhibitor 
This 13s mainly C, The mmo: components C,, Ca, Ca, ete , 
are not detected under these conditions In the gel with 
mhibitor (10-7 M) the IC;— serum shows a single zone 
with about 25 per cent of the original activity, whereas 
the UO,;— zone ıs almost completely mhubited (less than 


NATURE 1187 


- 


+ 2 per cent of the omginal activity) Thus 
the ‘usual’ and ‘intermediate’ types of 
1eaction to mhibitor can be readily dıs- 
tinguished visually Sera of types UC, + 
and IC;+ show two zones of activity in 
the gel without mbhibitor, the regularly 
present zone C, and the additional zone 
C, In the gel with mhibitor both zones m 
the UC,+ serum aie almost completely 
mhibited, and both zones in the IC,;+ 
serum are partially mhıbıted to the same 
degree {about 25 per cent of the original 
activity) In each case the degree of 

= inhibition of the C; zone 1s essentially the 


Pom o same as that of the C, zone The same 
OF n effect has also been observed with other 


concentrations of imnhubitoi Thus, the 
gene E," affects the mhibition characteristics 
of the component C; in the same way that 
The it affects the mam serum cholinesterase 
component C, One may note that smce 
there ıs evidence that m the sera of md- 
viduals who show the ‘intermediate’ DN phenotype there 
are actually present both the ‘usual’ and ‘atypical’ forms of 
the enzyme’, ıt 18 hkely that ım IC;+ mdividuals the 
C, zone may represent two distinct components, one 
having ‘usual’ type and the other having ‘atyprcal’ 
type DN characteristics 

Although the molecular basis of the variations 1s un- 
known, one may conclude from these observations that 
the occurrence and the properties of the C, component 
ale determined by genes at at least two loci 

We thank Dr G Owen of the Department of Buo- 
chemistry, City General Hospital, Sheffield, for his help 
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OXYGEN DIFFUSION RATES AND NEMATODE MOVEMENT IN 
CELLULOSE SPONGES 


By S. D VAN GUNDY and Dra L H STOLZY 


i ` Department of Nematology and Department of Soils and Plant Nutrition, 
University of California, Riverside 


HE influence of low oxygen diffusion rates in souls on 
nematode activity has been demonstrated by ust 
Efforts to examine different phases of nematode activity 
an vitro, however, have been hindered because no medium 
was available which provided an oxygen diffusion rate 
comparable to those recorded m soul studies A pure 
cellulose sponge (‘O-cello’, manufactured by General 
Mills) was selected as a synthetic medium because ıt was 
relatrvely mert, had structure, was made of pores of 
different sizes, and provided contimuous and connecting 
surfaces. This 1s a report on the moisture and oxygen 
diffusion rate determinations of the sponge and on its use 
for mvestigating one phase of nematode activity, move- 
ment 
Determinations of moisture and oxygen diffusion rate 
were made m 7 cm x 9cm x 2cm sponge blocks The 
sponges were washed m acetone and in water, dried at 
60° C, and weighed They were saturated with tap water 
and placed on a double-walled ceramic suction plate Ten 


~- platmum mucroelectrodes* were placed m the sponge 


“Water content and oxygen diffusion rate in relation to 


suction were determmed from 0-90 miullibars (mb) at a 
constant temperature of 25° C (Fig 1) The oxygen 
diffusion 1ate increased as the larger pores of the sponge 
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Fig 1 The water content and oxygen diffusion rates of a pure cellulose 
sponge at different suctions 25°C @,mil/g, O, oxygen diffusion rate 
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drained. A suction of 30 mb appeared to dram a sufficient 
number of pores to allow maximum oxygen diffusion. 
The oxygen. diffusion rate then remained nearly constant 
to 80 mb where the water films became too thm to wet 
the electrodes 

A method and apparatus for varymg the oxygen con- 
centration above the soil surface have been described*. The 
same techriique was used to vary the oxygen diffusion rate 
m sponges except that wire screens were inserted to 
suspend the sponges above the bottom of the cylinder 
The dried sponges were placed m the contamers and 
equilibrated for 24 h at a constant temperature of 21° C 
prior to tho addition of water The water was equilibrated 
by bubbling with the same oxygen concentration A 
hypodermic syrmge and needle were used to transfer 
enough water to the sponges to maimtain suctions of 20, 
30, and 40 mb Oxygen diffusion rates increased rapidly 
ag Oxygen, concentration increased from a partial pressure 
of less than 1 to 25mm mercury (Fig 2) There was httle 
change in oxygen. diffusion rate from a partial pressure of 
25-144 mm mercury Oxygen diffusion rates at 40 mb 
were nearly identical to those at 30 mb, however, those at 
20 mb were slightly lower, indicating that 30 mb of suction 
——=0r more—were necessary for optimum diffusion 
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Fig.2 Oxygen diffusion rates im pure cellulose sponges maimtained at 
a moisture suction of 30 mb and ie gar a different partial pressures of 
oxygen 7 
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Nematode investigations were conducted m 1 cem x 
i cm x 7 cm strips cut from large sponges The sponge 
strips were washed in acetone and distillea wate: and 
dried at 60° C. The moisture suction of each sponge was 
adjusted by weighing and adding a calculated amount of 
water based on the water content—suction relationship m 
Fig 1 Nematode suspensions of Melowdogyne javanica 
(Troub) Chitwood larve and Hemicychophora arenaria 
Raskı, all stages, were added to the sponge from a 1/2 ml 
hypodermic syrmge Nematodes were recovored fiom the 
sponge strips by cutting them into 1-cm cubes in sequence 
and placmg in test tubes containing 10 ml of water 
Since the sponges floatad, gravity served as a natural 
separating force Four repheate sponges were used n 
each treatment One test was conducted on the recovery 
of M yavanica from sponge cubes m which 80 per cent 
of the nematodes were recovered ın 15 h and 100 per 
cent m 3h Subsequent nematode determinations were 
made after a recovery time of 15 h 

Two tests were conducted to determine whether 
the nematodes were carried along the sponge m water 
currents set up by adding the nematode suspension to 
the sponge Suspensions of M yavanica (17,000/0 5 ml ) 
in one, and H arenarza (1,300/0 5 ml ) in the other, were 
syringed on the first cm of sponge strips After 10 min 
the strips were cut into 1-cm cubes. Nematodes were not 
recovered from any of the cubes except that on which 
they were syringed The sponge acted as a filter and held 
the nematodes 1h placè while the water came to equilib- 
rium in the sponge Nematode suspensions in all subse- 
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Fig 3 Percentage movement of M javanica larve and all stages of 

H arenarva over a distance of 1 cm or more after 48 h in pure cellulose 

sponge strips of different suctions @, Meloidogyne gavana, Ch 
Hemicychophora arenana 27° 


quent tests were added in 0 05 ml of water to avoid any 
chance of nematode movement m the sponge 
The movement of M javanica (2,200/0 05 ml) and 
H. arenarva (1,050/0 05 ml) was mvestigated m the 
sponge at suctions of 10, 30, 50, 70, and 90 mb mamtained 
at 27° C for 48 h (Fig 3) Optimum movement of M 
javanica occurred at 50 and 70 mb and approximately 
1, 3, 10, 22, 23, 19, and 21 por cent of the larvae had moved 
6, 5, 4, 3, 2, 1, and 0 cm, respectively Movement of 
H arenaria wereased gradually from 10 to 90 mb, how- 
_ever, its total movements were less than M javanica The 
distribution of H arenaria at 10-90 mb was 2, 3, 3, 4, 9, 
28, and 51 per cent of the nematodes which had moved 
6, 5, 4, 3, 2, 1. and 0 em, respectively 
The effect of oxygen diffusion rate on nematode move- 
ment was studied at 50 mb of suction under a constant 
temperature of 21°C (Fig 4) Although this temperature 
was not best for nematode movement, the oxygen diffusion 
rate of the sponge had already been determined at 21° C 
and a change ın temperature would also change oxygen 
diffusion rate Thus the percentage movement at 21° C 
was not so great as m the tests at 27° C There was a 
linear relationship between movement of M javanca 
(1.000/0 05 ml) and oxygen diffusion rate The move- 
ment of H arenaria (1,200/0 05 ml ) was less responsive to 
oxygen diffusion rate than M javamca Observations in 
solutions bubbled with different oxygen concentrations 
indicated that there were no visible differences m move- 
ment of H arenaria except at a partial pressure of 1 mm 
mercury where the nematodes were quiescent Since this 
was a mixed population of all stages of the nematode, 
there may have been differences ın susceptibility between 
larval stages and adults Also the morphology of this 
nematode ıs quite different from M javanica and may 
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Fig 4 Percentage movement of M javanica larve and all stages of 

H arenarva over a distance of 1 cm, or more after 48 h in pnre cellulose 

sponge strips maintained at different oxygen diffusion rates @, 
Melowdogyne javanica, [], Hemicycliophora arenana 21°C 
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account for the difference ın 1esponses to moisture and 
oxygen 

Wallace‘ concluded from his studies that nematode 
movement in wet sand was optunum at the sorl suction- 
level just sufficient tö drain the pores Since thus 1s also 
the pomt where air flows back mto the soil pore spaces, 
oxygen could be responsible for the increased nematode 
movement It appears from the studies on M javanca 
larve that a sufficient supply of oxygen, as well as the 
proper moisture-levels, are essential for optimum nema- 
tode movement This effect of oxygen diffusion rate on 
movement may explam the reduction m, secondary 
mvasion of M javanica in tomato roots exposed to different 
oxygen concentrations’ In the case of H arenana, a 
nematode with a thick cuticle and heavy annules, there 
was little effect of moisture or oxygen on movement 

The most mportant feature of this work was that the 
sponge proved to be a satisfactory substitute for soil in 


ae e 


NATURE - A x 1189 


L e 
. 


nematode-sration studies The thickness of the water 
films on the sponge surfaces and the oxygen diffusion rate 
in the water films can be easily determined and regulated 
wm miro The sponges may provide a synthetic medium 
useful for moisture and aeration investigations on other 
phases of the biology of nematodes, as well as for mvesti- 
gations on other organisms which reside ın water films of 
soil 

This work was supported in part by grant G19454 of the 
US National Science Foundation 
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PHOSPHOLIPID BREAKDOWN IN BAKER’S YEAST DURING DRYING 
By J. S. HARRISON and W. E. TREVELYAN 


Research Division, Distillers Co, Ltd., Epsom, Surrey 


S5 CE the Second World War an increasing proportion 
of baker’s yeast has been marketed ın the form of the 
very stable, so-called active dried yeast Thisis made from 
a specially prepared yeast cake, which 1s reduced to pieces 
of suitable size and dried in a stream of warm air until its 
moisture content has fallen to about 87 per cent (dry 
weight basis), at which level the dried yeast ıs mn equih- 
brium with an atmosphere of approximately 33 per cont 
relative humidity 

When yeast of an appropriate strain 1s cultured m varı- 
ous ways and dried, the product, after rehydration by 
admixture with water (reconstitution), gives & suspension 
of cells which may ferment sugar at nearly the same rate 
as the undried culture More commonly there 1s some 
loss in activity. For yeast dried ın the laboratory to a 
moisture content of 87 per cent we have found, using a 
standard test, losses ranging from 7 to 100 per cent This 
loss in activity 1s associated with a loss in low-molecular- 
weight constituents of the cell, which escape into the 
medium durimg reconstitution? As these constituents 
include nucleotides and simular substances, which absorb 
hight strongly at a wave-length of 260 mu, the extent of 
leakage during reconstitution can be measured simply 
and reproducibly by a spectrophotometric method using 
such a test we have found a close correlation between 
leakage and loss of activity We have made? a pre- 
liminary examination of the extracellular nucleotides 
present ın a suspension prepared from dried yeast, using 
the technique of ion-exchange chromatography They 
do not apparently differ chemically from those found 
inside a normal yeast cell, though the proportions of the 
various nucleotides differ in the two cases in a way which 
suggests that molecules which are smaller or less highly 
1onized diffuse from the cell more readily It seems to be 
agreed‘ that the loss m activity 18 due to some change ın. 
the permesbulty of the cell membrane, caused by chemical 
changes occurrmg during drying, and/or a farlure of the 
membrane to re-form properly or quickly enough when the 
dried cell 1s rehydrated? 

When dried yeast 1s mixed with water, the activity of 
the resultant suspension depends very much on the 
temperature at which rehydration 1s carried out For 
maximal retention of activity the temperature must be 
carefully controlled at a level which 1s governed by the 
moisture content of the dred yeast In one case, the 
optimum temperature was found to range from 21° at a 
moisture content of 23 per cent to 42 5° at 5 8 per cent 


moisture Even with this precaution, loss in activity may 
be severe or even total if the nitrogen content of the yeast 
has been allowed to exceed a certam limit Thus, one stram 
of yeast was found to lose only 15 per cent of activity after 
drying and reconstitution, provided the organism had 
been grown ın such a way as to restrict its content of total 
(Kjeldahl) nitrogen to 64 per cent However, at 83 
per cent nitrogen 40 per cent activity was lost, while at 
9 8 per cent nitrogen the suspension of rehydrated yeast 
was totally inactive 

Clearly the activity of a suspension made from dried 
yeast will depend, not only on the loss suffered durmg 
drying and reconstitution, but also on the activity the 
yeast had before ıt was dried In general, for a given 
strain of yeast grown under specified conditions, this 1s 
positively correlated with the mitrogen content Conse- 
quently the plot of dried yeast activity against nitrogen 
content shows a maximum, usually ın the region 6-7 
per cent nitrogen content 

Undoubtedly, many factors govern the extent to whch 
activity is lost during drying, and the relative mmportance 
of one or other of these may depend on the nitrogen con- 
tent It1s, for example, possible that a variable proportion 
of the loss in activity associated with drying/rehydration 
is due to chemical or enzymatic reactions occurring 
during the initial phase of drymg That enzymatic 
reactions do go on then 1s shown by the conversion of 
yeast cell glycogen to trehalose’ Poor-drying, nitrogen- 
rich yeasts often darken considerably when dried this was 
at first considered to be evidence of a Maiullard-type 
reaction, which might cause loss of activity, but the idea 
was discarded when ıt was found that yeast with a very 
high nitrogen content sometimes did not discolour, and 
when ıt was found that the cell-wall became thmner and 
perfectly transparent when dried, so that the colour of 
the mterior parts of the cell might m. any event be expected 
to become more obtrusrve m the dried yeast 

The extent of enzymatic degradation occurring when 
yeast 1s dried would vary according to the amount of the 
relevant enzyme present This again might well depend 
on the nitrogen supphed durmg propagation Such a 
situation was found to apply m the case of the mdueible 
enzyme a-glucosidase (maltase}), the content of which 
diminished, when yeast was grown with a restricted 
supply of assimiulable nitrogen, far out of proportion to 
the fall m fermentation activity An autolytie enzyme 
with similar properties was suspected to be responsible 
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for part of the loss of activity observed when high-nitiogen 


~ yeast was dried 
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Preliminary work on the effect of drying on the carbo- 
hydrates, proteins, and nucleic acid of the yeast cell did 
not provide evidence of hydrolytic degradation of a type 
o1 magnitude commensurate with the observed losses in 
activity We therefoie directed ou attention to the lrpids 
of yeast, more especially as the cell membrane 1s thought 
to be largely composed of lipid material® 

To determine total fatty acids and ergosterol ın pressed 
yeast, a sample of the latter was refluxed with methanolic 
potassium hydroxide, which simultaneously saponified 
and extracted the hpids ‘These were partitioned into fatty 
acids and non-saponifiable lipid by conventional methods, 
after which ergosterol was determmed by ultra-violet 
spectrophotometiy and total fatty acids by weight and by 
titration with sodium hydroxide m ethanol Dried yeast 
was first rehydrated before applymg this procedure 

No decrease m the content of total fatty acids or of 
ergosterol was noted after yeast had been dried The 
main use of this saponification procedure, in fact, was n 
testing methods designed to extract lipids from yeast 
in an undegraded form To do this officiently ıt was found 
essential first to dismtegrate the yeast cells, which was 
done by shakmg a thick suspension of yeast for 2 h with 
2-mm, diameter glass beads After this treatment, the 
suspension was stirred with 15 vol of chloroform/methanol 
2 1 for 24 h The washed cell residue contamed only 
trace amounts of lipid, as shown by the failure of the 
saponification procedure to remove significant quantities 
of total fatty acids or of ergosterol 

The solvent, apphed to whole yeast cells, extracted only 
about @ quartor of the total hpid Procedures based on a 
lengthy prelmmary extraction with approximately 70 
per cent ethanol, for example, Hanahan’s’, were aban- 
doned because of some evidence of autolysis For example, 
chromatography on sileic acid-umpregnated paper*® 
showed the ethanol extract to contain appreciable amounts 
of lysolecithm and lyso-phosphatidyl ethanolamine 

The chloroform/methanol extract of dismtegrated yeast 
was washed without loss of lipid by the Folch technique”, 
usmg 01 M sodium chlorde It was then evaporated, 
after which the lipids were taken up in ether and partı- 
tioned into phospholipids and neutral lpids by addition 
of acetone and a little magnesium chloride"4, which pre- 
cipitated 92 per cent of the lipid phosphorus Ergosterol 
and ergosterol esters, which were found to be entirely 
in the acetone-soluble fraction, were determined by 
spectrophotometry of the digitonin complex” precipitated 
before and after hydrolysis with methanolic potassrum 
hydroxide Fatty acids were estimated, as before, after 
saponification of one or other fraction Phosphorus was 
determmed after digestion with perchlonec acid, and 
nitrogen by a direct Nesslerization procedure after diges- 
tion by the Kjeldahl method, usmg copper and selenium 
catalysts!® Information on the relative amounts of 
individual phospholipids present was obtamed by paper 
chromatography The phosphohpid mixture was resolved 
by chromatography on silicic acid-rmpregnated paper, and 
in addition was subjected to muld alkaline hydrolysis 
and the water-soluble glyceryl phosphoryl derivatives 
chromatographed on acid-washed paper. Yeast phos- 
pholipid was suspended m a 1 1 mixture of chloroform 
and methanol, methanohe potassium hydroxide was 
added, and the mixture shaken for 15 mm at room 
temperature The reaction was stopped by saturating the 
mixture with carbon dioxide The upper layer obtamed 
after addition of water was apphed to the paper as such, 
or after conversion with 10on-oxchange resins to the free 
acids or ammonium salts 

Examinations of the effect of drying have so far been 
largely confined to yeast contammg 8 per cent of nitro- 
gen, which loses about half its actimty as a result of 
dehydration followed by reconstitution. No evidence of 
hydrolysis of sterol esters could be found The phos- 
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phohpid fraction was found to have a fatty acid/phos- 
phorus molar ratio of about 2 and a mitrogen/phospho1us 
ratio of about 1 After drymg, the amount of phospholipid 
was found to have deci eased by 10-20 per cent as shown by 
determinations of total weight, fatty acid and phosphorus 
The fatty acid content of the neutral lhpid fraction 1n- 
creased by a corresponding amount In one case, in which 
the phosphohpid phosphorus had fallen after drymg fiom 
53 to 43 umoles/g dry weight, the chromatographic pro- 
cedures showed that this was due to a decrease in the 
content of lecithin and of phosphatidyl ethanolamine 
Analysis of the glyceryl phosphoryl derivatives after 
paper chromatographic separation showed that lecithin 
had decreased from 21 to 11 yumoles phosphorus/g 
Phosphatidyl ethanolamine, but not phosphatidyl mositol, 
was also lost 
Similar changes in yeast phospholipids were induced by 
autolysis After meubation with toluene for 5 h at 38° 
the yeast was extracted with chloroform/methanol without 
prior disintegration of the cells by shakmg with glass 
beads, as the latter step was found, in the case of autolysed 
yeast, to be unnecessary The phospholipid fraction had 
lost half 1ts phosphorus and the major component was now 
phosphatidyl mositol (56 per cent), a findmg which, 
mecidentally, suggests the basis of a method for the prepara- 
tion of this substance 
It appears, therefore, that when yeast of this type 1s 
diied even at moderate temperatures, the nitrogen-con- 
taming phosphohpids are partially hydrolysed to diglycet - 
ides by a lecithmase resembling that described by 
Hoffroann-Ostenhof, Geyer-Fenzl and Wagner Yeast 
may also contam a phosphohpase A and an acyltransferase, 
which, acting in conjunction, hydrolyse lecithin to glyceryl- 
phosphorylcholine and ‘fatty acid!* However, we have 
found that the increase in free fatty acid associated with 
drying 1s much smaller than the loss of total fatty acid 
from the phospholipid fraction, which suggests that 
phospholipase A action plays a relatively mimor part 
A sample of yeast of the same stram, as grown for 
drying and contaimmg only 61 per cent mitrogen, lost 
less than 20 per cent of its activity when dried and recon- 
stituted The content of alkal-labile phospholipid was 
33 umoles phosphorus/g before drying and 34 umoles/g 
after drying Lecithin phosphorus was estimated to be 
14 ymoles/g in both cases 
Thus the severe loss of activity, and high leakage, shown 
by high-nitrogen baker’s yeast after drying and recon- 
stitution may be due m part, m any event, to the action of 
a lecithinase O on the phospholipids of the cell membrane 
The enzyme 1s either absent from low-nitrogen yeast or 
is not activated by drying 
A loss ın hpid-bound choline associated with drymg 
has been previously reported!’ for S cerevisiae and T 
utilis, though the technique of dryimg ıs not described 
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SYNTHESIS OF BACTERIOCHLOROPHYLL BY RHODOPSEUDOMONAS 
SPHEROIDES UNDER DARK-AEROBIC CONDITIONS 


By MASATAKA HIGUCHI and GORO KIKUCHI 


Department of Biochemistry, Tohoku University School of Medicine, Sendai, Japan 


Crea et al 1 found that, while the synthesis 
of bacteriochlorophyll by R spheroides cells was 
completely suppressed when the growing conditions‘ were 
switched from the hght-anaerobie to ight-aerobie or dark- 
aerobic conditions by aeration, the synthesis could proceed 
even in the dark if the partial oxygen pressure was mamn- 
tained at very low levels The dark sem-acrobic synthesis 
of bacteriochlorophyll by R spheroides was examined more 
piecisely by Lascelles?, who established the conditions 
which ensured that dark-aerobically giown cells formed 
bacteriochlorophyll rapidly in the dark We have found 
that the synthesis ın the dark of bactenochlorophyll ın 
air/by heavy suspensions of the dark aerobically grown R 
sphe oides cells was markedly mfluenced, m terms of not 
only the rate of synthesis but also the mtracellular status 
of the product, by the presence or absence of yeast 
extiact or relatively high concentrations of iron in the 
incubation medium 

R spherowes was grown dark-aerobically in the medium 
S of Lascelles? and the colourless cells were collected at 
an early stationary phase of culture The basal incubation 
medium used was similar to Lascelles’s standard mixture? 
oxcept that «-ketoglutarate was replaced by fumarate in 
our medium Collected cells were washed once and sus- 
pended ın the basal medium so as to give a cell concen- 
tration of about 3 mg dry weight per ml The medrum 
was supplemented with various additions according to 
the design of individual expermments 20 ml each of the 
suspension were placed in 100-ml Erlenmeyer flasks and 
incubated in the dark in air while bemg gently shaken 
(80 1ev /min) at 30° Under these conditions, however, 
the oxygen pressure m the mncubation mixture may be 
maintained at a considerably reduced level on account of 
the active respiration by the cells Synthesis of the 
pigment commenced without an appreciable lag period 
and proceeded at a constant rate, usually 6-8 b, until 
the chlorophyll-level reached maximum; this depended 
on the composition of incubation medium used Illumina- 
tion had no effect on the rate of synthesis of bacterio- 
chlorophyll under these conditions 

The pigment formed was estimated spectrophoto- 
metrically by the method of Cohen-Bazire ef al? In our 
basal medium, 1 5-3 ug of bacteriochlorophyll were syn- 
thesized per mg dry weight of cells at 6 h meubation 
under the conditions described (Table 1) The R spheroides 
strain used by us, however, excreted also a fair amount 
of porphyrm(s) when incubated in either Lascelles’s 
standard mixture or our basal medium Similar phe- 
nomena were observed to occur by Lascelles when 
the dark-aerobically grown R espheroides cells were 
incubated semi-aerobically in the dark? or anaerobically 
in the hight‘ in a medium containing no or Jittle ron 

The addition of yeast extract (Difco) mto the basal 
medium resulted ın marked increase ın the synthesis of 
bacteriochlorophyll (Table 1, Exp 1) and suppression of 
accumulation of porphyrin A simular effect was observed 
also, even when Lascelles’s standard mixture was used 
The stimulative effect of yeast extract cannot be attributed 
to such components in the extract as amino-acids, vitamins 
and nucleotides since the addition of casamino-acid, 
vitamin. mixture and hydrolysates of yeast ribonucleic 
acid, separately or together, did not appreciably increase 


the yield of bacte1iochlorophyll unde: comparable con- 
ditions (Table 1, Exp 1) The addition of casamino-acid 
however, resulted in considerable cell growth during 
incubation” The optimal concentration of yeast extract 
to bring about the maximum synthesis of bacte1iochloro- 
phyll falls ın the range 0 25-05 per cent It was also 
found that synthesis of bacter:ochlo.ophyll was greatly 
stunulated by supplomenting the basal medium with 
additional ferric citrate (Table 1, Exp 2) The optimal 
concentration of ferric citiate to be added was about 
05 umole/ml Manganese showed a similar effect but to 
a lesser extent These findings tempted usto measure the 
uon content m yeast extract, but the value found was 
too small to attribute the effect of yeast extract to the 
iron m ıt The stimulative effect of yeast extract was 
reduced to less than half the origmal activity by treat- 
ment with charcoal The iron content in the extract was 
also 1educed considerably by the same treatment. The 
possibility remains that the yeast extract contains some 
organic iron compounds which may be responsible for the 
observed effect of yeast extract Carotenoid synthesis 
was also increased by these supplements (Fig 1) 
Significant differences were noticed between the 
absorption spectra of cell extracts, particularly in the near 
infra-red region, according to whether the bacteria were 
meubated with or without yeast extract or ferric citrate 
(Fig 1) Cell-free extracts of R spherowdes were prepared 
by 3 min sonication followed by 30 min centrifugation at 
7,000g The extract of the cells cubated m the ron- 
free medium, showed small absorption peaks of chlorophyll 
at 880 mp and 590 mu (Fig 1, A), while the extract of 
the cells meubated ın the medium supplemented with 
05 umoles/ml of ferric citrate or 0 25 per cent yeast 
extract gave the chlorophyll peaks at 590, 800 and 850 mu 
Table1 EFFECTS OF YEAST EXTRACT, FERRIC CITRATE AND OTHER FACTORS 


ON THE SYNTHESIS OF BACTERIOCHLOROPHYLL IN R spheroides AND THE 
CELL GROWTH t 


Bacteriochlorophyll Growth* 
Additions Final formed mg dry wt 
cone pe/ml ug/mg of cells/ml 
medium dry wt medium 
Exp 1 
None 77 28 +01 
Casammo-acid 05% 96 24 +08 
Vitamin mixture 
solution 05% 986 31 0 
Acid hydrolysate 
of yeast RNA - 05 mg/ml 93 29 +01 
Tnorganic salts 
solution 10% 183 59 +01 
Yeast extract 025% 23 2 63 +02 
Exp 2 
‘None 44 16 -01 
Ferric citrate 02 wmoles/m) 211 74 —0 05 
nCl, 01 umoles/ml 118 41 0 
Phosphate buffer 10 zmoles/ml 41 15 -O1 
Inorganic salts 
solution 10% 22 2 77 -O1 


* As measured by the optical density change at 680 my (ref 1) 

Dark aerobically grown cells were suspended (3 mg dry wt /ml )1n the basal 
medium supplemented with various additions as shown im the Table and 
incubated aerobically in the dark for 6 h at 30° Casammo-acid used was 
a commercial vitamin-free casein hydrolysate In this experiment the 
medium was also supplemented with 100 pg/ml each of L-tryptophan, 
L-cystine and Di-methionine Vitamin mixture solution used contamed in 
1ml 2 mg each of thiamime, nicotinamide and pyridoxine, 5 mg of sodium 
pantothenate, 3 mg of riboflavin, 75 mg of ascorbic acid, 500 xg of biotin, 
2 ug of vitamin Be, 5,0001 0 of vitamin A, 5001 of vitamin D and 25 mg 
of L-lysine hydrochloride Acid hydrolysate of yeast RNA was prepared by 
hydrolysing a commercial yeast RNA sample with 1 N hydrochloric acid at 
95° for 1 h and used after being neutralized with sodium hydroxide Inorganic 
salts solution used contamed in 1ml 1 gmole of MnCli,, 2 moles of ferric 
citrate and 100 wmoles of phosphate buffer (pH 6 8} 
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with a shoulder at 870 mp (Fig 1, Band O) InFig 1, A, 
also a peak at 423 mp can be seen which 1s probably due 
to porphyrms The spectrum of the extract of the cells 
meubated m, the basal medium (which contamed 0 01 
umole/ml of ferric citrate) comes in between the two 
types of spectrum cited here (fig 1, D) In spite of 
these marked spectral differences between extracts 
obtamed from the cells meubated under different con- 
ditions, when the chlorophyll spectrum was examined 
after being extracted into methanol—acetone from the 
cells, no significant difference could be observed between 
those differently incubated cells, all the samples examined 
gave the typical bacteriochlorophyll spectrum showimg 
@ maximum at 770 mp These results mdicate that the 
structure of bacteriochlorophyll itself has not been 
affected by the supplement of iron or yeast extract to 
the incubation medium In contrast, 16 is highly probable 
that these additions had a profound imfluence on the 
status of bacteriochlorophyll in the livmg cells which 
prosumably 1s dependent on some mteractions of bactorio- 
chlorophyll and other mtracellular components 

Although the chlorophyll content m cells and the 
optical densities at 800, 850 and 800 my ın cell-free 
extracts varied significantly according to meubation 
conditions when exammed at 6 h mcubation, the values 
of E 850 mu/# 880 mp and # 800 mu/# 880 mz (E stands 
for optical density) were found to increase Imearly and in 
parallel with each other with the mcrease in chlorophyll 
content (Fig 2) The values, however, were more or less 
variable ın separate experrments. These results suggest 
that the component which gave an absorption maximum 
at 850 my (850 mu component) may possess an additional 
absorption at 800 mz Or the 800 mu peak may be an 
indication of a third component which could grow up in 
parallel with the formation of 850 mp component We 
have observed that when the cells were collected at an 
earlier phase of incubation ın the medium rich ım ron or 
yeast extract, tho chlorophyll spectrum of the cell extracts 
was quite similar to that of cells collected at a later phase 
of incubation without the supplements Moreover, when 
the dark-aerobically grown cells were pre-incubated for 
2 h m the medium rich ın won, then washed and trans- 
ferred to the iron-deficient medium, the same cells con- 
tinued actively to synthesize bacteriochlorophyll even ın 
the latter medium, giving rise to the formation of 850 my. 
component as the major product Either of these bacterto- 
chlorophyll components in. extracts of R spherordea cells 
can be sedimented almost completely by 90 mm centri- 
fugation at 105.000g This mdicates that all of them are 
bound to chromatophores 

Considermg these experimental findmgs, we are m- 
clined to assume that the synthesis of bacteriochlorophyll 
m question would proceed im the following feshion at 
earher stages of mcubation, the rate of 880 mu component 
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Fig 1 Absorption spectra of the cell-free extracts of R spherovdes 
incubated dark-aerobically with or without yeast extract and ferric citrate 
in the medium 20 ml each of the suspension of dark-aerobically grown 
cells (2 1 mg dry wt /ml ) were incubated aerobically in the dark for 6 h at 
30° The composition of the ordinary basal incubation medium (con- 
taming originally 0 01 wzmoles/ml ferric citrate) was changed In individual 
experiments shown in the figure m the following way (A) minus iron, 
(B) plus ferrie citrate up to 05 zmole/ml , (C) plus 0 25 per cent yeast 
extract, (D) no change 
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Fig 2 Change of the values of E 850 mujE 880 mu and of Æ 800 muf 
E 880 my as a function of the bacteriochlorophyll content in the R 

spherovdes cells I, E 850 majE 880 mz, II, Æ 800 majE 880 myu 

Experimental conditions were similar to those in Fig 1, except for the 
composition of incubation media used Values represented by @ in the 
figure were obtamed by a series of experiments in which the basal media 
supplemented with various amounts of ferric citrate were used, O, 
supplemented with yeast extract, treated or untreated with charcoal or 
ion exchange resin (‘IR 120-H’ type), A, pre-incubated m media poor or 
rich in iron, then transferred respectively into second media contamimg 

different amounts of iron from those used for pre-incabation 


formation far exceeds that of 850 my component forma- 
tion, but the rates change gradually during meubation, 
and at later stages the 850 mu component 1s synthesized 
much more actively than the other, and this step may be 
sensitive to iron or some unknown components in the 
yeast extract. 

In vwo spectrum of bacteriochlorophyll m photosyn- 
thetic bacteria has been shown to vary according to the 
influence of various factors such as the lhght mtensity 
during the growth of organisms?-5, heat shock, cooling at 
hquid nitrogen temperature’, and genetic variations of 
the bacteria’, and various interpretations have been given 
with respect to the differences in ın vwo status of bacterio- 
chlorophyll5~® i 

Although the present mvestigation could not reveal 
which of these speculations 1s the more valid, our findings 
that the synthesis of 850 mp component was more sus- 
ceptible to the amount of iron or yeast extract m the 
incubation medium would provide an experimental way 
of controllmg the ın vwo status of bactenochlorophyll 
Such an approach may facilitate the solution of the role 
in bacterial photosynthesis of each chlorophyll component 
as distimguished by the infra-red absorptions of cell 
extracts 

We thank Dr T Mizuochi, Department of Agricultural 
Chemistry, Faculty of Agriculture, Tohoku University, 
for his advice 
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Fig. 1. Sample record of an observation taken at declination + 60° 
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Spectra of Meteor Wakes 


Wira regard to the interesting communication by Rao 
and Lokanadham! I would direct attention to a possible 
consequence. 

Hoffmeister? has collected various instances of auroral- 
like glows connected with meteoric showers, Perseids, 
Leonids, 1872 Bielids. Such was also noted in Germany 
and England during the famous Leonid shower of 
November 13-14%. It was indeed remarked it might be 
possible that “brilliant meteor streams electrify the higher 
regions of the atmosphere and produce phenomena analo- 
gous to the aurora borealis’”*. 

The detection of H and the red line of NJ is interesting 
in view of the observation by von Wrangel in Siberian 
waters 1820-245 that dark areas of aurora traversed by 
meteors lighted up and continued to glow. 

Cricety M. BOTLEY 
5 Blatchington Road, 
Tunbridge Wells. 
’ Rao, M. S., and Lokanadham, B.. Nature, 187, 169 (1863), 198. 77 (1963). 
* Hoffmeister, Ci, Akad. Verlag. (Leipzig, 1937). 
* Fritz, Ho Daé Polarlicht Brockhaus (Leipzig, 1851). 
4 Philipson, M, T., Meteors, Aerolites, ete. (London, 1866). 
+ Dauvillier, A., Les Aurores Polaires (Alean, Paris, 1954). 


% 


Miss Bortey has brought to light some interesting 
observations of auroral-like glows of meteors during some 
meteoric shower periods!-* and during periods of auroral 
These observations indicate that this pheno- 


puscular radia 


- hollow cathode type arcs. 






aA oted in this 
and yellow regions of the meteor y Cook and 
Millman? were connected with th molecular nitrogen m 





The foregoing explanation of auroral-like glow of any 
meteor is based on the fact that it is caused by the further 
local excitation of the atmospheric gases, already in a 
sufficiently excited condition, by the passage of the meteor 
through them. Such a glow should reveal itself in the 
wake spectrum of the meteor, as did the oxygen green 
lineë-10, On the other hand, the H« and NI lines are found 
only in the primary spectra“ of meteors. 

M. Srrrama Rao 
B. LOKANADHAM 
Meteor Research Laboratory, 
Department of Physics, 
Andhra University, 
Waltair, India. 

i Hoffmeister, C., Akad. Verlag. (Leipzig, 1937). 
2 Fritz, H., Das Polarlicht Brockhaus (Leipzig, 1881). 
* Philipson, M. T., Meteors, Aerolites, ete. (London, 1866); 
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7 Mitra, S. K., The Upper Atmosphere, second ed., 5 (Asiatic Society, 

Calcutta, 1952). 
* Millman, P. M., J. Roy. Astro. Soc. Canada, 54, 189 (1960). 
° Millman, P, M., Bull. Radio and Elec. Eng., Div. N.R.C., Canada, 12, 

No. 2, 1 (4962). 
t Rao, M, S., and Lokanadham, B., Nature, 197, 169 (1963): 188, 75 (1963). 
n Halliday, Ian, Astrophys. J., 128, 441 (1958). 
12 Mitra, S. K., The Upper Atmosphere, second ed., 426 (Asiatic Society, 
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PHYSICS 


Intensity of Neutral Argon Emission Lines 
radiated by the Low-voltage - High-amperage 
Arc compared with Four High-voltage Type 

Arcs ` 


Tur intensity of strong neutral argon emission lines 
radiated by the thermally excited argon shield gas 
surrounding and within the central d.c. are plasma of the 
Heliweld thoriated tungsten electrode welding arc has 
been measured. This arc was operated at 15 V and 135 
amp (d.c.}, providing a good. source for thermally exciting | 
neutral argon emission lines at a voltage below the 
ionization voltage (argon = 


The purpose of the investigation was to seo how theo) 
relative intensities of the strong neutral emission lines of |. 


argon. varied in reference to each other for this thermally 
excited aré compared with microwave, glow discharge and 
This information should add 
to the background of data on observations of spectral 
sensitivity of elements excited under varied conditions. 
As W. F. Meggers' points out, the relative intensities of 
lines in any particular spectrum are fairly independent of 
conditions ; successive spectra will show large differences as 
functions of excitation conditions. In order to get the 
best comparison of intensities between ares, therefore, the 
intensities are normalized to the strongest line common 
The intensities for each are and intensity 





lar ae 














appear to differ in intensity to th 
that in aurore,. microwave, glow discharge and hollo 
ons of the cor- mh” ae 


these arcs. The low-voltage tungsten are emission lines 
in intensity to the same degree as the 
athode intensities 






vary from each other. 


15-8 V). eae 


Table 1 shows the normalized intensity values for all Es 
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Table 1. RELATIVE INTENSITIES OF ARGON EMISSION LINES EMITTED BY 
A LOW-VOLTAGE HIGH-CURRENT ARC COMPARED TO THREE HIGH-VOLTAGE 
Pe LOW-CURRENT ARCS 


No. 4912 


E | Low-voltage Glow Hollow 
Wave-length tungsten Microwave discharge cathode 
dpa}. arc* excitationt (60 a.c.)t discharge 

06965 — 102 108 115 56 
070867. 105 90 102 56 
0-7278 67 36 51 17 
0-7384 167 163 104 107 
0-7504 180 181 224 791 
0-7515 196 145 116 117 
06-7635 337 272 339 229 
0-7784 162 235 276 155 
079485 172 181 135 185 
08006 198 162 170 115 
0-8104 180 308 204 200 
08115 861 361 361 361 
0-8265 108 253 191. 118 
08408 212 344 220 224 
0-425 233 315 224 302 
0-852) 108 235 151 123 

08668 35 69 33 44 
0-9128 212 415 e= 361 

0-9224 145 217 —~ 155 

O-98535 — 126 290 amd 220 


* Tungsten are 135 amp, 15 V, atm. pressure. 16 em ft./h argon flow. 
ee ae dale excited, end view, 6-5 mm pressure, Amer. Inst. Phys, Hand- 
__ + Glow discharge 60 cycle a.c., 60 m.amp, 8 mm pressure, Amer. Inst. 
Phys, Handbook, 7-61. 

§ Hollow cathode discharge, iron electrodes, 150 m.amp, 1 mm pressure, 
Amer, Inst. Phys. Handbook, 7-61. 


Table 2 gives the ratio of the tungsten are to the other 
are intensities for the various emission lines. It is appa- 
rent, even though all the intensity scales for each are are 
normalized to the strong 0-8115y argon line, that the 
same wave-length lines do vary from each other to a large 
degree from are to arc. 


Table 2. INTENSITY RATIOS or ARGON I Emission Lanes oF THE LOW- 


VOLTAGE TUNGSTEN ARO TO THE HIGH-YVYOLTAGE ARCS 


Tungsten Tungsten Tungsten 
å Energy- are arc to are to 
i} leveis to flow hollow 
microwave dis. cath. 
0-6963 LS5-2p 0-95 0-88 1-82 
0°7067 Lyre 1-18 1-03 1°88 
7278 S 2p 1°85 1°32 4-00 
0°7384 LS 2p, 1-03 1-61 1-56 
0:7515 rPe 1-35 1-70 1°70 
(-7638 L827, 1-24 0-99 1-47 
0-7724 1S2 0-69 0°59 1:04 
(+7048 Ssp 0-95 1°28 1-28 
08006 INg 1°22 1°16 1-72 
S115 18,-2p. 1-00 1-00 1°00 
)-R265 1LS,-2r-¢ 0-48 0-56 0-62 
‘O°8408 TS y-By, 0°62 0°93 0-95 
O-8521- Syaa 0-46 0-72 0-81 
O-S665 ISo, 0-51 1-05 Q-7 
O-O125° Syta 0-51 ~~ 0-59 
9224 LS,-2p, 0-67 me 0:93 
“0058 LS 2p 15 0-44 wm 0-55 


-Fb would appear that, even taking into account the 
rough accuracy of these intensity values, the intensi- 
ties between one line and another for each are are not the 
same for different types of excitation. This cannot be 
>o attributed entirely to pressure differences between arcs 
“since the tungsten low-voltage are at atmospheric pressure 
vary from the other arcs for any particular emission 
an the glow discharge arc at 3 mm pres- 
How cathode are at, 1 mm pressure. 
electron temperatures are different 
his is probably the main factor 
the intensity ratios for various wave-length 
npared with the strong 0-8115y. line. 














SHIELD GAS ENVELOPE VERSUS CENTRAL TUNGSTEN ARC ARGON 
a LINE INTENSITIES 
Ratio of shield gas glow to 


Ca ‘Wave-length 
(uy central arc intensity lines 
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The intensity of the argon lines emitted at the outside 
edge of the tungsten arc shield gas envelope were measured. 
The intensities of these lines were compared with those 
emitted by the central are and are given in Table 3. 

In this experiment the intensity ratios of the 0-9123u and 
0:9224u lines show a definite increase in intensity for the 
glowing shield gas envelope. This would indicate a 
definite increase of emission intensity for the LS,-2p4» 
(0-9123n) and 1S,-2p, (0:92244) energy-levels for the 
outside glowing shield gas envelope. This emitting por- 
tion of the are is obviously at a lower temperature than 
the central are column. Sc, dts Ed 

C. MITOHRELL 

Barnes Engineering Co., 7 

Stamford, Connecticut. 

* Meggers, W. F., J. Opt. Soe, Amer., 31, 610 (1941), 


Difficulties in obtaining Uniform Dose 

Distribution throughout Electron-irradiated 

Plastic Mouldings f 

THE published ranges of fast electrons and the associated 
depth/dose curves have been measured in slabs of material 
irradiated with initially mono-energetic electrons. Such 
figures give an indication of the maximum thickness of 
bulk material which can be usefully irradiated with an 
electron beam of a particular energy. 

In practice, objects to be irradiated would probably be 
complicated mouldings with inserts of various materials 
rather than homogeneous large slabs. Such mouldings 
give rise to a variable depth/dose relationship due to non- 
complementary scattering from discontinuities. Electro- 
static repulsion may be a factor in this effect, | 

By examination of the scatter and absorption. images 
produced on a paper with a radiation-sensitive coating, it 
has been shown that very large differences in absorbed 
dose are indicated on a complex moulding irradiated in a 
mono-energetic unidirectional electron beam. ‘The thick- 
ness of material presented to a 4-MeV electron beam was 
nowhere greater than 50 per cent of the range as measured. 
using the same beam with a slab of material. Irradiation: 
from both sides of the sample reduced the spread of indi- 
cated dose by a factor of approximately two, leaving the 
ratio of maximum to minimum doses about 3 to 1. This 
would involve serious over-dosing and inefficiency in cases 
where a specified minimum dose is required. o 0000 

The original work on the problem of uniformity of dose 
throughout a plastic moulding was done using self- 
adhesive paper with a  radiation-sensitive coating 
developed by Vale and Farrell? as an indicator label for 
radiation-sterilized articles. La ee T 

The colour change on the indicator label paper. with- 
increasing dose was from yellow through orange to red. 
This gave satisfactory dose discrimination for the 
experiments, but as the dose ratio was reduced by 
niques described later, greater resolution v 
Vale and Farrell, by an alteration in the sens 
in the coating, produced a paper that ch 
green through brown to purple and the: 
definite colours and their associated. 
covered only 3 x 10° rads, quite good dose estimation. 
could be obtained by visual inspection. 0 220200 00 

It has been shown by Trageser* that a forward-scatter- 
ing foil in the electron beam path degrades the mono- 
energetic stream and the lower energy components pro- 
duced almost eliminate the dose build-up at the front 
face of a sample. P 

At this laboratory a foil has been used not only to 
degrade the electron beam energy but also to produce a 
multidirectional effect. In order to obtain the greatest 
effect from the foil it needs to be as close as practicable to 
the moulding. 3 a 

Further reduction in the dose ratio was. obtained by -> 
utilizing back-scattered electrons from the sample suppo! va 
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-scatter angle: 








= dlosest practicable distance. et ae 
3 ‘The best results were: obtained using a feed scatter 


5 -foil of 0-5 mm aluminium and a back scatter plate of 1-5 
-__ mm lead over the sample support tray. 


_ Final dose distribution checks were made using the 

improved. indicator paper above, below, and inside the 
moulding. The dose ratio within the moulding irradiated 
from one side was then found to be 1-2. 

Owing to the increase in overall efficiency on using the 
scattering foils, the minimum indicated dose under the 
conditions quoted was close to the mean exposure dose as 
measured in the first 1:2 gem? of a slab of material 
irradiated by the 4-MeV beem without scattering foils. 


J. D. MOCANN 
F. ROGERS 


Radiation Branch, Isotope Research Division, 
Wantage Research Laboratory, 
U.K. Atomie Energy Authority, 
Wantage, Berks. 


= Vale, R., and Tarei aR Detector for large doses of radiation, Patent No. 
920 689 (March 19 63). 
* Trageser, D. A., Nuc. Ins. and Methods, 8, 26 (1960). 


Dielectric Loss Factor of Polytetrafluoroethylene 
under Irradiation 


Tux effect of ionizing radiation on steady-state conduc- 
tivity of polymeric dielectrics has been already examined 
by several authors. I have shown! that radiation affects 

‘not only the steady-state conductivity of polytetra- 
fluoroethylene but also the transient conductivity, 
deduced from the current flowing through the specimen 
after the application of d.c. voltage. Recently I have 
earried out measurements of dielectric permittivity and 
dissipation factor under irradiation. 

As a source of radiation, an X-ray equipment was used, 
giving dose rates in the range 0-01-1090 r. jsee. Circular 
specimens, 40u thick, were cut from commercial poly- 
tetrafluoroethylene sheet and aluminium electrodes were 
evaporated on to both sides. A ‘sandwich’ type arrange- 
ment of two specimens was used. The dielectric permit- 
tivity and dissipation factor were measured at 50 and 
1;000 c/s, 100 V and at about 21° C by the aid of a Wien’s 
bridge (the four capacitances bridge) provided with a 
Wagner’s earth. 

The effect of radiation on the dissipation factor of poly- 
tetrafluoroethylene is much less pronounced than on the 
steady-state conductivity. The dissipation factor begins 
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Fig. 1. Frequency-dependence of loss factor for polytetratuoroethylene 
at various dose rates 
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Hamon’s method?. | | . 
tion in the loss factor with dose rate is not. c mused solely: 2 
by the rise of steady-state conductivity. = : 
Wy Apamo 
Výskumný Ústav Káblov a Izolantov, 
Bratislava, Czechoslovakia. 


' Adamec, V., Dielectrics, 1, 159 (1068), 
*Hamon, B. V., Proc. Inst. Elec. Eng., 99, 151 (1052), ee 


Heat Liberation in Alloy-junction Silicon +e 
| Diodes Fal : 

In a recent communication!, Melehy and Jarmoc have 
reported interesting observations of the distribution, of 
temperature in silicon diodes carrying a relatively large 
current in the forward direction. It is shown here that 
their observations are readily explained in terms of 
junction theory, when account is taken of the difference in 
electron and hole mobilities in silicon. . 

Consider a p*-n-n* structure biased sufficiently in the 
forward direction so that the injected carrier density in 
the »-region is greater than the equilibrium density of 
electrons, and there are equal densities of electrons. and 
holes?. When the width of the n-region is comparable 
with the diffusion length, recombination of electrons and 
holes is known to occur? predominantly in the end regions, 
at the metal-semiconductor contact. 

For convenience we consider the end regions to be 
degenerate. An electron which surmounts the potential 
barriers between nt- and n-regions, and between n- and 
p*-regions, extracts heat‘ from the system at these two 
planes; the total energy abstracted per electron is to a 
first approximation g(H, — Vy), where gE, is the band-gap 
energy and V; the forward bias voltage on the diode. On 
arrival in the pt-region the electron recombines with a hole 
and liberates energy qEg, which may be assumed to be 
taken up by the lattice as heat energy. We neglect the 
kinetic energy of the charge-carriers, as well as heat 
dissipation associated with the flow of current-in the 
n-region. 

In the same way there is a transfer of heat energy by 


holes from the pt—n and n—n* junctions to the nt-region, o oi 
However, because the electrons have greater mobility in < — — 
the electric field which exists in the n-region, and the = 
densities there are equal, the electron current in the devico q 


will exceed that of the holes; the transfer of heat energy 
to the pt-region will therefore outweigh that to the nt- 
region in the ratio b~2-8 at room temperature, and we 
may expect the temperature in the pt-region to rise 
above that in the n+-region, as observed!. 

Furthermore, if the mobility ratio b is sufficiently large 


the heat extracted by electrons in the vicinity of the — .— 
n*-region may exceed that liberated by holes arriving =~ 
there, and the temperature at this side of the diode will — 
‘With a suitable semiconductor _ 
(for example, indium arsenide) a p+-n—n* structure may 
thus act. as a thermoelectric refrigerator by virtue of the es 


fall below the arnbient. 


flow of non-equilibrium charge-carriers, 
L. W Davies 


A.W.V. Physical. Laboratory, ge 
Amalgamated Wireless. (Australasia) Ltd., 
a Senet: a | 
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Recrystallization and Grain Boundary Sliding 
in a Magnesium Alloy 


Dvgine tensile deformation of magnesium and its dilute 
alloys in the temperature range 100°-~350° C, cells form 
preferentially close to the grain boundaries’. After- 
wards irregular boundary migration occurs and evidence 
has been presented for the grain boundaries being pinned 
at their intersections with the cell walls?. This migration 
results in an increase in grain boundary area and thus the 
driving force must arise from the difference in stored 
energy between neighbouring grains. It is unlikely that 
sliding can occur to any appreciable extent at these 
irregular boundaries and in these circumstances it is 
probable that the shearing forces in the vicinity of the 
grain boundaries are accommodated by increases in the 
degree of misorientation across the cell walls. Eventually 
the irregular migration leads to primary recrystallization?-® 
along the old grain boundaries and an example is illus- 
trated in Fig. 1. 





imen deformed to failure at a rate of 0-1 per cent/h at 


F ig, L § 
200° C, network of new fats has formed along the old grain 
. ` boundaries (x e. 270) 


Stacey*“ has suggested that the observed increase in 
tensile ductility with decreasing strain rate of a mag- 
nesium/0-8 wt. per cent aluminium alloy at 150° C is due 
to such primary recrystallization. On the other hand, 
Greenwood et al.” and Brookes ef al.* attribute similar 
increases in ductility to non-basal slip systems becoming 
operative preferentially at the slower rates. 

Primary recrystallization is per se a recovery process 
and its oceurrence would relieve stress concentrations at 
- the original grain boundaries. In addition, ductility may 
ue ding occurring at the new grain boun- 
test this latter possibility that these 
ox pt arried out. 

A 0-06-in. thick sheet specimen of a magnesium/0:8 wt. 
per cent aluminium alloy was polished chemically, 
deliberately scratched using 6u diamond paste and then 
pulled to fracture at a rate of 0-1 per cent/h in air at 
200° C. As a consequence of continuous migration and 
recrystallization during deformation there was no clear 






















boun- 
sand the subsequent rapid rate was used to minimize 
ary migration during the second part of the test. 
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Fig. 2. 


Mixed strain-rate specimen deformed at 300° 0. 
fiducial lines cross the location of the old grain boundary two distinct 
steps are seen, for example at A (x e. 1,070) 


Where the 


Evidence for sliding at the new grain boundaries is 
presented in Fig. 2. Where the fiducial lines cross the 
locations of the old grain boundaries they show two distinct 
steps, for example at A (Fig. 2). This result lends support 
to the suggestion that primary recrystallization leads to 
improved tensile ductility. 


J. E. HARRIS 


Berkeley Nuclear Laboratories, 
Central Electricity Generating Board, 
Berkeley, Gloucestershire. 


* Buiter, J. W., and Wood, W. A., J. Inst, Met., 81, 181 (1952-58). 


* Harris, J. E., and Partridge, P. G., Proc. Berkeley Conf. Properties of 
eri enaa and the Effects of Radiation Damage, 359 (Batter 
worths, ; 


* Stacey, R. D., Metallurgia, 68, 125 (1958). 
"Stacey, R. D., J. Inst. Met., 89, 390 (1960-61). 


: wars E., Haddrell, V. J., and Rickards, G. K., J. Nucl. Mat., 6, 144 
1962). 


* Byrne, J. G., Trans, A.S.M., 56, 68 (1963). 
? Greenwood, J. N., Miller, D. R., and Suiter, J. W., Acta Met. 2, 250 (1954). 
* Brookes, P. B., Kirby, N., and Burke, W. T., J. Inst, Met., 88, 500 (1959-00). 


A Method of Determining the Stress 
Effective during Lüders Band Propagation 


In materials which exhibit a well-defined yield-point 
drop followed by non-uniform yielding at a nearly constant 
stress, this stress is given by the Petch equation? as: 


Oy = 0; + kyd- 0) 


where oy is the lower yield stress, o: is. the friction stress, 
ky is a term originally thought to be associated with an 
unlocking stress and 2d is the grain diameter. It is 
desirable to have an accurate value of the macroscopic 
stress, oy, in order that the slope of the lower yield stress 
vs. grain size curve, ky, be as meaningful as possible. In 
addition, the dependence on temperature of the lower 
yield stress is an important property in theoretical con- 
siderations. Difficulties may arise, however, in determin- 
ing what value of the lower yield stress to use in such 
situations. This communication describes a method which 
can be used to determine, at least in an approximate 
manner, whether the magnitude of any corrections to the 
nominal yield stress is sufficiently large to warrant con- 
sideration. 


One source of error is that due to the change in eross- 


sectional area as one proceeds from the yielded to unyielded: 
material in a specimen. The magnitude of this effect can 
be rather large for a small grain size* or at low tempera- 
tures’. in area can be taken into account by using 
the value of the Liiders strain to calculate the area behind 


A 























(a) Very shorp front 





(b) Diffuse front 


Sharp and diffuse Liiders band fronts in a tensile specimen 


Fig. L 


the front, but this procedure will result in an overestimate 
of the stress because tho Lüders front is normally more or 
loss diffuse. Fig. 1 illustrates two types of Lüders fronts. 
In Fig. la the stress causing flow is increased by the 
reduction in area from A, to Au: however, in Fig. 1b flow 
occurs in s region where the area varies from A,toA,ina 
continuous manner, hence yielding occurs over a spec- 
trum. of stresses. The effective lower yield stress will, 
therefore, be somewhere between those values of load 
divided by A, and A, with the actual value being weighted 
towards the regions where most of the flow occurs as the 
band advances. This in turn is a sensitive function of 
Liiders band profile. Work by Hahn‘ indicates that this 
‘integrated’ area lies nearer A, than A,. In addition to the 
change in area there is a stress concentration due to the 
‘notch’ produced by the inhomogeneous flow. The 
enhancement of stress in this case will be fairly localized. 
Both factors discussed here tend to increase the effective 
value of ay; but the magnitude of these effects is variable. 
Some idea of the effective yield stress value can be 
gained from a plot of nominal lower vield stress and flow 
stress for various strains versus d- used in conjunction 
with a plot of Liiders strain versus d-?. It has been 
shown that in some materials’ * the flow stress curves for 
various strains are parallel and have a smaller slope than 
the lower yield stress curve as shown schematically in 
Fig. 2. Also, each grain size represents a certain Liiders 
atrain as exemplified in Fig. 3 for Armco iron’. It is 
interesting to note from Fig. 3 that a small grain size 


Flow stress curves for 


A ithe strains indicated 










would not be affected to nearly the same degree 
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purposes, the val 
isi associated 
drawn ‘through | oe 





the 10 per cent flow stress ¢ curve as. ‘shown: oe ie ae 
The difference in stress between this point and the lower 
yield stress curve represents the stress increase which can 


be ascribed in part to the sources. ‘discussed here. A 
second corrected yield stress point can be obtained in the: er 
same manner as that shown for the 10 per cent strain. 
This allows one to draw a corrected yield stress curve. The 
correction factor will decrease as d becomes smaller, `- 
because of the decreasing amount of Liiders strain. — X ae 
the case where there are no grain boundaries—that is, a : 
single crystal—a correction factor will be required if there. -` 
is some kind of barrier which can adequately substitute for 

the missing grain boundaries. 





Liiders strain (per eent} 





5 l 10 15 
dt munja 


` Fig, 3, Lüders strain versus grain size (2dy 4 for Armeo iron at — 45° C. 
Data taken from ref, 8 


Some recent results»? support the presence of a dis- 
crepancy between nominal lower yield stress and flow... — 
stress; but it would be desirable to conduct a series of.” 
carefully controlled experiments im order to. obtain: e 
quantitative values. eo 

It would be anticipated that the suggested corséetion ESR i 
would be relatively negligible where the Lüders strain is 
small, but that it could be significant in certain circum- 
stances, In the case of Armco iron at — 45° C (Fig. 3), for 
example, the slope of the cy versus d-? curve would be 
increased after making the correction; whereas at room 
temperature in the same material, where the Liiders strain 
is much smaller and less grain size dependent’, the slope o 
2 Phus 2 
one’s’ s interpretation of the effect of temperature. on By Coe 
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extension incieases’ For sufficiently precise determma- 
tions, however, the stress associated with a fixed number 
of bands can be determined and used to plot the nominal 
lower yield stress versus d-+ curve 

I thank Drs D Peacock and B Harris for thei advice 
and Mr L G Heroux for preparmg the illustrations 


C P SULLIVAN 
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CHEMISTRY 


A New Continuous Solid-fluid Contacting 
Technique 


A NOVEL techmque for contmuous countercurrent 
piocesses involving contact between particulate solids 
and fluids has been developed here This has been carried 
out on a small-scale apparatus usmg several different 
systems from which the essential features of the techmique 
have been verified The technique ıs directly apphcable 
to operation on an industrial scale as well as in the 
laboratory, and has wide potential apphcation in the 
processing industries 

In. 1ts most general sense the technique 1s a method of 
contacting a particulate solid phase m countercurrent 
to a fluid phase with the view of achieving tiansfer of 
some soluble component from one phase to the other 
The essential novelty of the ıdea lies in the use of a 
periodically modulated flow rate of fluid to a cascade of 
contacting stages by which solid is transferred ın a direc- 
tion countercurrent to the nett flow of flud The only 
necessary property of the system for the technique to be 
operable ıs that the dispersion of solid in fluid settles in a 
reasonably short time Durmg one part of the operating 
cycle, fluid flows through a series of fluidized or expanded 
beds of solid, during another part of the cycle, reversmg 
the direction of fluid flow transfers equal imecrements of 
the settled solid beds between adjacent stages in a direc- 
tion countercurrent to the nett flow of fluid 

Unique advantages of the pioposed technique are the 
reliability and flexibihty of operation Positive control 
of both solid and flud flow rates 1s achieved by direct 
control of external flows to the contactor, and does not 
require a fine hydrostatic balance or close tolerances 
in construction of the equpment Although maximum 
flow rates are determmed by the actual size of the stages, 
it 18 possible with any given unit to obtain a ratio of sohd 
flow rate to fluid flow rate varyimg from zero to mfinity 
by simple adjustment of the controls 

The main characteristics of the proposed technique may 
be illustrated by considering the results of one of the 
laboratory experiments on an 10n exchange system 

In this experiment a 0 1 M aqueous solution of cesium 
chloride tagged with cesium-137 was passed at an average 
flow rate of 33 3 ml /min through a cascade of four 20-mm 
diameter contacting stages m countercurrent to cationic 
10n exchange resin (‘Zeokarb 225”, particle size — 14+ 52 
mesh, hydrogen form) moving at an average flow rate of 
40 ml of settled resin per mmute The concentration of 
the solution leaving was found by radiochemical analysis 
to be 0 004M in cesium, giving a cesium recovery of 
96 per cent A McCabe~Thiele diagram drawn for this 
system gave the same recovery of cesium for 3 5 ideal 
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as 


Fig 1 æ, laquid upflow, expanded beds, b, no hquid flow, settled beds, 
c, reversed liquid flow, solids transfer 


stages Hence the stage efficiency was about 85 per cent. 
Details of the modulated flow-cycle are illustrated ın the 
series of sketches, Figs 1 a-c, which show the phenomena 
occurimg m the stages corresponding to the mstan- 
taneous value of liquid flow rate outlined in Fig 2 The 
stages shown ın the figures are simplified for clarity and 
do not 1epresent optimum. designs 

Fiom the brief description given here the technique 
may be seen to be a hybrid between a series of dense 
phase moving beds and a multi-stage fluidized bed carried 
out im specially designed stages Both the multi-stage 
fluidized bed and the dense phase moving bed are familhar 
concepts in the processing mdustries! and require no 
further description here There may be an apparent 
similarity between. this concept and the “‘pulsed sieve tray 
column” evolved from Swinton and Weiss’s origmal 
1dea in the use of pulsations in the liquid feed! However, 
Swinton and Weiss merely superimposed a high-fre- 
quency low-amplitude vibration ın the liquid feed to a 
roulti-stage fluidized bed with conventional downcomers 
in order to promote the ability of the solid to flow In 
the proposed technique the fluid feed 1s controlled m a 
manner such that the expanded or fluidized beds are 
settled, and then transferred between stages m the con- 
dition known as dense phase flow? 

The potential mdustrial applications of this technique 


are considered to be very wide due to the extreme sim- 
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Fig 2. Flow cycle Average liquid flow-rate, 333 ml/min, average 
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pheity of ıts operation and applicability to construction 
of large-scale equipment 

In the liquid-solid field one could apply this technique 
to leaching of ores, purification of water, 10n exchange 
recovery of metallic 1ons and chromatographic separation 
For gas—solid systems the scope ıs more limited, as m most 
applications this technique would appear to have few 
economic advantages over a conventional multi-stage 
fluidized bed, although ıt would be equally feasible m all 
eases In the processing of radioactive or highly corrosive 
materials this technique would have advantages over 
alternative methods owing to its simplheity and adapt- 
ability for remote operation 


F. L D CLOETE 
M. STEEAT 


Department of Chemical Engimeering 
and Chemical Technology, 
Imperial College of Science 

and Technology, 
London, SW 7 
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Use of a Digital Computer for Evaluating 
Uitracentrifuge Data 


Fujita and MacCosham! have integrated Lamm’s 
differential equation’? for the ultracentrifuge, and have 
given, analytical solutions which describe the mtegral and 
differential forms of the solute boundary for the sedimen- 
tation of a two-component system They suggest that 
thew equations may be of practical value ın sedimentation. 
analysis, but until recently the use of these equations for 
the routine estimation, of molecular weights has not been. 
possible because of the time required to perform the 
necessary calculations This limitation no longer apphes 
if the arithmetic 1s carried out by digital computer, and 
this communication shows how the equations can be used 
to evaluate apparent molecular weights from centrifuge 
data that would normally be treated by the method of 
Archibald? The hmitations mherent in the method arise 
chiefly fiom the assumption of Fujita and MacCosham 
that the sedimentation and diffusion coefficients, S and D, 
of the solute are independent of concentration This may 
restrict the usefulness of the method to a particular class 
of solutes 

Fujita and MacCosham’s differential equation for the 
gradient of concentration below the meniscus reads: 
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_ 2 (E f _ p(t z)? 
aft =) base | 4s% i 
where + = 2w*St(w = radial velocity of rotor, t = time), 
e = 2D/r,*w2S (r, = meniscus distance from the centre of 


rotation), z = 21 log rjr, (r = distance from centre of 
measured dc/d7), co = muitial concentration of solute, 





(1) 





(x) = error function defined as 2/ nif exp(— g®)dg. 
0 


If values of de/dr are measured m an experiment at 
two values of r within the boundary region at a given 
time of sedimentation and substituted m. (1), the constants 
t and £ here can be determmed by solving the two result- 
ing simultaneous equations Then from t and « the 
coefficients S and D, and hence‘ the molecular weight, M, 
can. be calculated 

For this purpose the computer 1s programmed to solve 
equation (1) by iteration, using a data tape on which are 
printed the two expermmental values of (de/dr), and 
(dejdr), at r, and ra respectively, the time of sedimenta- 
tion, and the various other parameters set out here 
To bogin the iteration v ıs set to an imitial value, To, by 
choosing an arbitrary value of S such that S> Sactua The 
other constant, e, 18 set equal to unity initially, and then 
the computer calculates from equation (1) the apparent 
value of de/dr, say (de/dr)1app, for r = rı, and for these 
values of rande It then compares (de/dr)iapp with the 
experimental value (dce/dr),, and if the two values differ 
by more than 10-5 ıt decreases s by successive chosen 
increments unti] agreement 1s reached In this way a 
value of e say s, 1s obtamed for the data at rı for +, Next 
the calculation is repeated, but this time using the experi- 
mental value (de/dr), at r, to obtain a value g, for + = to 
The values of s, and e, are now compared, and if 
|e; — £| > 10-4, the whole calculation 1s repeated with 
successively smaller values of + until |e, — €] < 104 
When this has boen achieved, values of + and s, and hence 
D and S, have been found which satisfy equation (1) for 
the data at 7, and r, to within the prescribed limits 

The programme has been tested usmg data obtamed 
from ultracentrifuge experiments on sucioso This 
substance was chosen because its molecular weight and 
diffusion constant’ are known accurately, and the effect 
of concentration on S and Dismmimal A Spinco model 
E analytical ultracentrifuge fitted with an RTIC tempera- 
ture controlling mechanism set at 20° C was used to exam- 
ine a solution of ‘AnalaR’ sucrose (139 per cent) ın a 
30 m/m cell, with a second coll as counter-poise contaimmng 
water to produce a base Ime to the schheren pattern The 
roto: speed was 50,740 rpm and photographs were taken 
at intervals of approximately 16 min 

The mean molecular weight, sedimentation and diffusion 
coefficients together with their associated errors, are 
shown in Table 1 The molecular weight obtamed was 
approximately 0 5 per cent lower than the true value (342), 
but the uncertamty of the estimate, as indicated by the 
standard error, was + 27 per cent of the mean figure 
Tho estimates of S and D were erratic and higher than the 
accepted values’ (D = 457 x 10-6 cm seet, S = 024 x 
10-48 sec 1}, showing that the mam factor controllimg the 
shape of the differential and integral boundaries 1s the 
ratio of these two coefficients rather than their absolute 
values It must be remembered that in calculating S from 
r the value of the time ft 18s an assumed one, and some 
inaccuracy may be introduced here due to uncertainty m 
making allowance for the period of acceleration. This in 
turn affects the calculation of D from the ratio S/D 
Further experiments will be required before any comment 
can be made on the magnitude of the standard errors of 
these results The computer programme will be available 
to others as required, and 1t 1s hoped that this will allow 
a rapid test of the method 
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Table 1 Molecular weight, sedimentation (S) and diffusion coefficients (D) 
of sucrose, determmed from pairs of co-ordinates taken from five exposures 
Allowance was made in the exposure time for the period of acceleration to 


50,740 rpm, Ta = 6074 em 
Corrected D 
exposure f ts (dni (d22/ Mol S/D S  ¢x10*) 
time (em) dr),*  drjg* wt (em) ¢x10") (cm 
(sec) (sec) secy!) 
665 6094 6162 0897 0462 3228 5 26 0 47 89 
1,625 6100 6160 09380 0759 38606 629 0 58 92 
2,590 6100 6232 02869 0424 3205 5622 0 36 69 
2,590 6100 6144 6869 0660 3222 525 0 23 43 
3,035 6100 6208 0945 0528 3481 569 031 54 
4,025 6110 6224 0885 0451 3410 555 0 22 $8 
Mean 8403 554 0 36 64 
SE + $4 013 0 05 085 


* dnfds = refractive 


index gradient x tan 6, where 0 = angie of 
schlieren phase-plate i 


It 1s essential n this method of molecular weight assess- 
ment to measure co-ordinates with a high degree of 
precision Thus the frequently used procedure of tracing 
an enlarged image on to graph paper 1s insufficiently 
accurate, and a micrometer method must be used In the 
present experiment the parameters were measured using a 
digital scanner (‘Oscar’, Benson and Lehner, England) 
which automatically prints the data m a form suitable for 
immediate insertion into the computer The use of this 
device greatly reduces the time required for accurate 
measurement, and in the present case each exposure 
required only about 1 min for measurement ~The digital 
computation took an average of 6 sec on a Ferianti Atlas 
computer 

I thank Dr G A Gulbe1t, Department of Chemistry, for 
his advice, Mr K A Redish, Departmont of Mathematical 
Physics, for help in writing the computer programme and 
the Agricultural Research Service, US Department of 
Agriculture, for a grant under PEL 480 
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Asymmetric Synthesis of «-Amino-acids by 
the Strecker Synthesis 


THE non-enzymatic asymmetiic synthesis of v-amimo- 
acids has long been of considerable stereochemical mterest 
However, the method of catalytic hydrogenation ıs the 
only dòne appearing ın the literature!-* In this communi- 
cation, a new method of asymmetric synthesis of «-amimo- 
acids in solution is described 

The method involves (a) the reaction of an aldehyde 
with hydrogen cyanide and D-(—)-«-methylbenzylamime 
(al = — 40 6° in benzene) m methanol, (b) hydrolysis of 
the resulting amino nitrile to the N-(«-methylbenzyl) 
amino-acid, (c) catalytic hydrogenolysis to remove the 
methylbenzyl group <A typical example of the asymmetric 
synthesis ıs as follows sodium cyanide, I 47 g (0 03 mole), 
and D-(~)-«-methylbenzylamime hydrochloride, 473 g 
(0 03 mole), were dissolved in 5 ml of cold water To this, 
20 ml of methanol and 10 g of free D-(—)-«-methyl- 
benzylamme were added Then, acetaldehyde, 132 g 
(0 03 mole), was added to the cold methanole solution 
The clear solution was kept at room temperature for five 
days The solvent was evaporated en vacuo The residue 
was dissolved in 50 ml of 1 N hydrochloric acid and the 
solution was extracted twice with ether To the aqueous 
solution was added 12 N hydrochloric acid to adjust the 
normality of the acid to approximately 5 N The solution 
was then refluxed fo. 6 h The hydrochloric acid was 
evaporated en vacuo and the residue was dried over sodium 
hydioxide under reduced pressure The crude N-(a- 
methylbenzyl) alanine hydrochloride was dissolved mn 200 
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ml of 50 per cent alcohol and the pH was adjusted to 6 0 
with sodium bicarbonate To this solution, 35 g of 
palladium hydroxide catalyst® was added Hydrogenolysis 
was cai1ied out for 10 h to remove the methylbenzyl group 
The catalyst was filtered and washed with hot water The 
combined filtrate was evaporated to about one-third 
volume and acidified with dilute hydrochloric acid to 
about pH 1 The solution was evaporated to dryness and 
the alanine hydrochlouide was extracted from the diy 
residue with absolute ethanol three times (total 50 ml} 
The soluuon was kept at —5° C overnight to precipitate 
the contaminated salt After filtration, pyridme was 
added to the alcoholic solution to precipitate crude 
alanine Yield, 071g [a] = +10 01° ım 6 N hydrochloric 
acid c =2 18, mp 235°-243° dec A smgle spot was 
observed following paper chiomatogiaphy The crude 
alanine which contains salt was dissolved in 25 ml of 
water, the pH was adjusted with pyiidine to 5 5-6 0, and 
10 ml of absolute ethanol was added A yield of 045 g 
of t-alanine was obtamed (17 per cent) [a] = +13 13°, 


in 6 N hydrochloric acid, c =2 32, asymmetric yield. 
90 per cent, mp 290° dec Anal calcd for C,H,NO.: 
C, 4044, H, 792, N, 1572 Found C, 4053, H, 807, 
N, 1578 

The intermediate N-(«-methylbenzyl)alanine was iso- 
lated using the 1eaction conditions here After hydrolysis 
and evaporation of the hydrochloric acid, the residue 
was extracted with absolute ethanol Pyridine was 
added to the solution, and the ethanohe solution was kept 
at 5° C for 2 days to complete the precipitation of N- 
(x-methylbenzyl) alanine A yield of 0 85 g (15 per cent) 
of material was obtamed mp 277° dee, [a], = —41 96° 
m 6 N hydrochloric acid, c =1 91 The product was 
purified by sublimation® (01 mm mercury at 200°C), 
0 68 g of pure N-(a-methylbenzyl) alanme was obtaimed 


mp 281° dec, [x] = —43 9° in 6 N hydrochlorie acid 
c =2 15, anal caled for C,,H,,NO, C, 6837, H, 7 82, 
N,725 found OC, 68 21, H, 781; N, 726 Hydrogeno- 
lysis of this gave 1-alanine, [x] = +13 99° (95 per cent 
optically active) 

The mechanism of the asymmetiic synthesis has not 
been clarified However, the synthesis may involve several 
sterically controlled reactions’? 

The Strecker synthesis of amino-acids has been con- 
sidered as one of the modes of formation of amino-acids 
in the primordial Earth?*-!" The asymmetric synthesis 
described here ıs therefore interesting m connexion with 
the formation of optically active amino-acids on the 
primitive Earth This type of asymmetric synthesis 1s 
under further mvestigation 

This work was supported by the National Aeronautics 
and Space Admumustration grant No NeG-173-62 
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Molecular Formula and Degree of 
Unsaturation 


A RELATION stated without proof or reference by Soffer? 
deserves to be better known Ideas more or less equivalent 
to ıt seem to be widely known to organic chemists, but 
workers ın related fields may fird the result useful when 
dealng with organic compounds This communication 
presents a proof, together with some remarks on inter- 
pretation and use (supplementary to Soffer’s remarks) 

For a start, consider a molecule the molecular (numer- 
cal) formula of which 1s known, and the atoms of which can 
safely be regarded as covalent with predictable valencics 
Thus we can calculate the sum V of the valencies of all 
the atoms The number of bonds in the structure must be 
4 V because each bond satisfies two valencies 

But if there are N atoms then as few as N — 1 bonds are 
sufficient to lmk them together—one bond would serve to 
hnk two atoms, a second bond would allow a third atom 
to be added, and so on 

If this were fewer than 4 V, then each of the extra bonds 
must link atoms which are already linked either duectly 
o1 indirectly ın the molecule If indirectly, then such an 
extra bond completes a ring, if directly, it gives us a 
double bond (or mereases the order of a multiple bond) 
Always we get what Soffer calls a “cyclic element of 
structure” (A triple bond ts to be counted as two cyclic 
elements } Thus the number of these cyclic elements 18 
predicted as the number of ‘surplus’ bonds 


pe (say) = $V ~N+1 (1) 


Also 2e 1s the number of added hydrogens required to 
saturate the molecule (eli:mmatimg all bond-duplications 
and rings) because each pair of hydrogens elimimates one 
of the ‘surplus’ bonds 

(1) We see that two molecules have the same p-value 
whenever their molecular fo1mule are identical (isomeric)- 
or when the formule differ only by multiples of CH,, NH 
and/or O, because these combinations contribute zero to 
(QV — N) 

(2) Equation (1) may be written 


p = fDvm — Im + 1 


where me» 1s the number of atoms of valency v, and re- 
arranged to give Soffer’s form 


p = 1 + $Em(v — 2) (2) 


(that is, p = 1 + 4 (2n, + na — n,) if no higher valencies 
are present) This gives a quicker calculation if ıb can be 
remembered 

(3) Soffer’s definition, “im counting the number of 
cyche structures in a polycyclic system no cyche structure 
is counted 1f ıt 1s made up entirely of elements of other 
cycle structures which themselves have been counted”, 
can give amb'guous results m some cases 
decahydroanthracene, C,H gives p = 3 and has mdeed 
three six-membered rmgs 
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but could be counted as having only two rmgs, the meddle 
one ard the ‘outside’ In such a case, we must say that p 
pred:cts the number of bonds that must be cut to elimmate 
all the cyche structures (For formally planar structures 
it 1s sufficient to count non-overlapping rings ) 

(4) The equation holds if the true structure has the 
atoms in their predicted covalencies, ol if an acceptable 
model of the structure has this property Thus aromatic 
nuclei may be considered as having Kekulé structures as 
Soffer apparently wtends when he cites benzylpeneillin 
and strychnine (Alternatively we may arbitranly call 
each aromatic (x) election-pair a ‘cyche structure’) A 
benzere rmg 18 a possible explanation of four units of a 
calculated unsaturation 
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Similar considerations apply to the groups —NO and 
— NO, (count one cycle each), but substituted ammonium 
18 more difficult to deal with as 1t appears ‘supersaturated’ 
until we calculate again using valency five for the nitrogen 

(5) The equation may be generalized to a set of atoms 
other than a single complote molecule By adding equa- 
tions for M separate molecules we obtam 


p=4V—-N+M or p-~-M=4V—N 


where N, V, pọ are the total number of atoms, valencies and 
cyclic elements in the M molecules Here M replaces the 
1 of equation (1) (or (2), similarly) On the other hand, 
we must subtract 4 from the same figure for each valency 
either not satisfied (as m a free radical), or not satisfied 
within the set of atoms (such as the monomeric unit of a 
dimer or polymer, or ‘structural units’ of coal?) 
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Near Ultra-violet Absorption Spectra of 
o-, m-, and p-Fluorophenol Vapour 


THE absorption spectra of o-, m-, and p-fluorophenol in 
vapour phase have been exammed with a Hilger É, 
large quartz spectrograph A number of plates were 
taken with different cell lengths and at temperatures 
ranging from 26°C to 60°C, while the temperature of 
the reservoir contaiming the substance varied from — 15° © 
to 60°C The bands m each case appear well defined with 
the cell of length 70 cm mamtaimed at temperature 26° C, 
A. hydrogen lamp was used as the source of continuum for 
the ultra-violet region Ilford special rapid N 40 plates 
were used to photograph the spectra in about half an 
hour 

Nearly 300 bands have been photographed m each 
case The intense bands are double headed, similar to 
those observed in the case of phenol The mean doublet 
separation in all the three spectra is found to be of the 
order of 10 em~ 

o-Fluorophenol This molecule belongs to symmetry 
class Gs to a first approximation and its absorption 
spectrum is due to the electronic transition 1A’<—14’ 
The most intense band at 36,802 em~ has been chosen as 
the (0, 0) band, and the entnue spectrum analysed in 
terms of the frequencies 239, 415, 566 and 766 cm~? in 
the ground state and 291, 506, 718, 945, 1,040 and 1,128 
cm- in the excited state The ground state frequencies 
correspond fairly closely to the known Raman frequencies 

m-Fluorophenol The meta-derivative of the molecule 
can also be taken to belong to the symmetry class C; and 
the bands may be attributed to the electronic transition 
14’<~14’ which is an allowed transition The mtense band 
at 36,620 cm-!, which is observed with still greater 
intensity at low temperature, is taken to be the (0, 0) 
band The entire spectrum is analysed in terms of two 
ground state frequencies, 427 and 741 cm~, and sıx 
excited state frequencies, 146, 206, 254, 713, 976 and 
1,175 em-! 

p-Fluorophenol The para-derivative bolongs to Coy 
symmetry class approximately, and the observed spectrum 
mvolves the electronic transtion 14,—1B,, which is 
allowed with the transition moment lying in the molecular 
plane and perpendicular to C-OH bond The most intense 
band at 35132 em~, which appears with increased 
intensity at lower temperatures, has been taken to be the 
(0, 0) band The bands have been analysed m terms of 
three ground state frequencies 251 466 and 865 cm, and 
seven excited state frequencies, 356, 413, 569, 838, 875, 
1,205 and 1,273 cm-! Satisfactory correspondence of the 
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ground state frequencies has been found with the Raman 
frequencies of the molecule 

A comparison of these spectra with those of phenol and 
of the corresponding chlorophenols has revealed many 
mteresting features These are under vestigation with 
spectrographs of higher dispersion and resolution. A 
detaned investigation of these spectra and their analyses 
will be published. shortly 

I thank Dr. N L Singh and Dr K N Upadhya for 
their advice. This work was supported by the Council of 
Scientific and Industrial Research, India 
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Surface-active Characteristics of Sodium Salts 
of Anacardic Acids of Varying Unsaturation 


CasHEw nut (Anacan dium occidentale Linn ) shell hquid 
chiefly consists of anacardic acid, an ortho-carboxymeta- 
alkyl phenol. Earler workers!-? have shown that the 
unsaturated alkyl side-cham im the acid consists of 15 
carbon atoms and that the acid is a mixture of saturated 
and mono-, di-, and tri-olefinie compounds, in proportions 
that grve, on average, about two double bonds per mole- 
cule Properties of the sodium salt of the whole anacardic 
acid have been reported earlier‘-* However, considerable 
interest remains in the examination of suiface-activity 
unsaturation relationship in the anacardic acid series 
The work recorded here is an extension of previous work 
on whole anacardie acid. 

In the present mvestigation, low-temperature fraction- 
ation and chromatographic resolution were used as tools 
for segregatmg anacardic acid mto fractions <Anacardic 
acid with iodine value 124 7 (as determined by the method 
of Kale and Kamath’) and corresponding to 1 689 double 
bonds per molecule (on the basis of 1odme value of mono- 
olefinic anacardic acid which 1s 73 82) was taken as the 
starting material and was separated into five different 
fractions A, B, C, D and E having their 1odine values 50 66, 
103 00, 125 80, 140 90 and 162 4, respectively 

For evaluating comparative surface-active properties, 
tetrahydro-anacardic acid (THA) with zero 10dine value 
(obtamed by hydrogenatirg anacardic acid in alcoholic 
medium in presence of platmum catalyst, followed by 
repeated. crystallization from ligroim) and the fractions B 
(nearly mono-unsaturated acid), D (nearly di-unsaturated 
acid) and Æ were chosen 

The acids were separately converted into disodium salts 
and their various surface-active properties were examined 

(a) Surface tension at 30° C (determined by Du Nouy’s 
tensiometer) of 001 per cent solutions of the disodium 
salts of THA and of the fractiors B, D and H were 31 2, 
41-0, 43 0 and 45 0 dynes/cm respectively 

(b) While the interfacial tension of water against 
n-heptane was 39 39 dynes/cm at 30° C (determimed by the 
Stalagmometer method), 0 01, 0 02, 0 05 and 0 10 per cent 
sodium tetrahydroanacardate m aqueous solution lowered 
the values to 24 33, 14 33, 8 53 and 4 79 dynos/cm respec- 
tively The values for fraction B were 28 38, 15 81, 518 
and <1 00 dynes/cm. and those for fraction Æ were 37 38, 
25 85, 12 38, 8 73 dynesjem respectively 

(c) The critical micellar concentration of the fractions 
B, D and E as determined by the conductance-concen- 
tration curve method (for details, see previous communi- 
cations®) were 0 032, 0 052 and 0 06 per cent solution 

(d) Emulsification test (with n-heptane) and foam-height 
experiments were conducted according to procedures 
already outhned® The volumes of emulsified layers after 
shaking 15 ml of 0 1 per cent solutions of sodium salts of 
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THA and of the different fractions with 5 ml of n-heptane 
for 1 h were 54ml,56ml,55 ml, and 54 ml respec- 
tively Foam heights 1 min after the complete dischargo 
of the foregoing solutions were 12 4, 14 8, 145 and 152 
em respectively. 

The results presented here reveal that whoreas at low 
concentration, namely, 0 01 per cent, saturated- or tetra- 
hydroanacardic acid ıs most surface-active, surface 
activity of unsaturated products 1s more manifest at 
comparatively higher concentrations The rule that 
critical micellar concentration. increases with unsaturation 
in & homologous series? 1s found valid in the sodium ane- 
cardate series 

As unsaturation meieases, emulsifymg and foaming 
characteristics undergo a slight increase and then a slight 
fall Neither the saturated nor the most unsaturated 
anacardate gives the best surface-active and bulk proper- 
ties, optimum hydiophilic-hpophilic balance hes near the 
mono- and di-unsaturated anacardate The whole 
anacaidic acid as such is a good surfactant as shown 
before®*, its unsaturation falls more or less m the optimum 
hydrophilic~lipophilic balance zone 

We thank Shri B K Mukery1, Dr A N Saha and Shri 
D Ganguly, Department of Applied Chemistry, University 
of Calcutta, for their advice, and the Council of Scientific 
and Industrial Résearch, India, for a fellowship to one of 
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Thermal Decomposition of Benzyl Borate 


Iw recent years, the mechanism of the thermal decom- 
position of esters has been thoroughly mvestigated, and 
at the present time extensive evidence has been presented 
+o support a cs elimination pathway? <A similar mechan- 
ism, was also suggested to explain the pyrolysis of borate 
esters?-!, however, the 1ecent work of Chapman and 
Borden’ has disclosed the carbonium ion nature of this 
decomposition 

In an investigation of the secondary decomposition 
mechanisms ım the pyrolysis of esters, the degradation of 
the borate of benzyl alcohol was attempted This 
carbinol ıs of some interest, since 1b cannot undergo the 
normal elimination reaction The experimental method 
developed by O’Connor and Nace? was used in the decom- 
position A mixture of benzyl alcohol (500 g, 0 046 
mole) and boric acid (2 85 g, 0 046 mole) was slowly hoated 
to 140° The mixture was thon kept at this temperature 
for 2h After this time, the temperature of the heatmg 
bath was slowly raised to 300°-310° Decomposition was 
complete after 1h The crude products were then dis- 
solved im benzene and chromatographed on alumina 
Elution with benzene—hexane afforded anthracene (0 860 g, 
21 per cent), and a yellow gum (2 73 g) 

In contrast to the borate, the thermal decomposition of 
benzyl acetate® and benzoate’* has been imvestigated 
and the major products of these decompositions aro 
benzaldehyde, toluene, and the correspondmg anhydride 
There 1s some evidence of a bimolecular decomposition ın 
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these esters®:? with the formation of benzyl ether as an 
intermediate Although very little 1s known about the 
pyrolysis of these estors, it 1s evident that the borate and 
benzoate of this alcohol pyrolyse vie different reaction 
pathways 
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Polarography of Cadmium Transfusion — 
Gelatin Mixtures 


PROTEIN solutions, generally used as maxima suppres- 
sors in polarographic work, are known to cause abnormal 
decrease in the diffusion current of metal sons due to 
factors such as adsorption! ’, viscosity? and metal protein 
interaction*-* The effect of mcreasmg concentration of 
serum albumin on the limiting current of cadmium ion 
has been systematically mvestigated by Tanford*, who 
explamed the marked deciease in the current in view of 
cadmium-protein complex formation. Investigations m 
this direction have not, so far, been undertaken in the 
case of gelatin, although the latter has been most widely 
used as the maximum suppressor To meet this end, 
transfusion gelatin, a modified product of bone gelatin, 
with 1ts well-characterized nature (in terms of hydrogen 
10n equilibria? and mol wt 8) was chosen and the effect of 
factors hke pH, metal and protem concentration on the 
limiting current of cadmium was mvestigated 

Chemically pure samples of cadmium sulphate, potas- 
sium chloride. ammonium chloride, ammonia and trans- 
fusion gelatin (kindly supplied by the Director, National 
Chemical Laboratory, Poona) were used to prepare solu- 
tions m conductivity water and the metal content determ- 
ined gravimotrically? Ammoniacal as well as Walpole 
acetate buffers were made from 0 1 M solutions and their 
pH measured by Beckman pH meter model @  Polaro 
graphic measurements were carried out with a Fishe 
electropode ın conjunction with a Multiflex galvanometer 
type MGF, m the external arewt, usmg an H-shaped 
polarographic cell‘, triply distilled mercury (for DME ) 
and a water thermostat (Townson and Mercer, Croydon) 
maintamed at 25° + 01° C Capillary characteristics 
determimed by Lingane’s method!* were 


mN = 1 87, h=52 em and length of capillary, = 15 em 


Nitrogen gas (purified by passing through alkaline pyra- 
gallol and chromous chloride solution) was used to mamn- 
tain the mert atmosphere The diffusion currents were 
measured by extrapolation method The mixtures 
prepared were (l) contaming 0 333 mM Cdtt+, ammon- 
1acal buffer (pH 9 6), potassium chloride (to maimtain ionic 
strength, p= 015) and varymg concentrations of protein, 
namely, 0, 0 30, 0 40, 0 60, 0 65, 0 71, 0 75, 1 00, 1 20 and 
135 per cent, (2) contaming 2 5 per cent protem, buffer 
(pH 96) potassium chlonde (u = 015) and different 
concentrations of Cdt+ (2 664, 2 331, 1998, 1 665, 1 332, 
0 992, 0 666 and 0499 mM), (3) contamimg 1 0 per cent 
protem, 0333 mM of Cd++, buffers of different pHs 11 0, 
10 0, 8 50, 6 8, 6 35, 5 95, 5 85, 4 50, 4 01, 3 80, 3 65, 3 00 
and 2 65 and potassium chlonde (u=015) <A set similar 
to (2) was also prepared without protein The reversibility 
of the waves was checked as described by Kolthoff and 
Lingane* Values of diffusion currents, ıd and ido, n 
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10 A 
095 B 
0 90 
3 
> 085 
a 
0 80 
075 C 
070 
04 12 20 28x107 M Catt for B 
02 C6 10 14% protein for C 
100 70 30 0 pH for A 


Fig 1 Effects of pH, metal ion and protem concentrations on diffusion 

current depression Curves A, B and C represent respectively the effects 

of pH, metal ion and protein concentrations on diffusion current 
decrease of cadmium ion at a total iome strength of 015 


presence and absence of the protem are given in Fig 1 
(plots of zd/zdo versus pH, metal or protem concentra- 
tions) The hmitmg value of djdo from the threo 
curves (A, B, C) came out to be 0 73 

From Fig 1 1t1s evident that the ratio zd/ido decreases 
with inciease in pH and protein metal ratios and attains a 
hmuting value (not zero), showing thereby that non-speerfic 
forces like viscosity and adsorption are not responsible fo1 
the considerable decrease in the diffusion current m the 
caso of cadmium Therefore, the metal-protem interaction 
1s the only way to account for these observations Further- 
more, the fact that ıt did not vary exactly as yh shows 
that the hmuitimg current is not entirely diffusion con- 
trolled! and a process slower than diffusion is mvolved 
in the reduction of cadmium son bound to transfusion 
gelatin 

The values of Vj; calculated at different pHs by the 
help of Tanford’s equation were found to be approximately 
2 at pH 8 5, where imidazole groups (in addition to car- 
boxyl ones) offer principal sites*® for metal 10n binding 
Since the value of Viz at pH. 5 818 1, ıt may be concluded 
that one cadmium 10n. 1s bound to the protein through 1s 
imidazole group Similar results have been reported by 
Tanford‘ and Gurd* m the case of serum albumin The 
value of log K calculated, from Scatchard’s equation 
comes out to be 303 and —AF = 4118 kcal/mole 
(at Cd++ concentration 0 333 mM) 

We thank Prof A R Kadwan for providing laboratory 
facilities and CSIR (india) for the award of fellow- 
ship to one of us (8 ) 


Want U MALIK. 
SALAHUDDIN 


Chemical Laboratories, 
Ahgarh Mushm Umversity, 
India 


1Zuman, P , Chem -Zresti , 8, 789 (1964) 
8 Wiesner, K , Coll Czech Chem Comm ,12, 594 (1947) 


+ Kolthoff, I M , and Lingane, J J , Polarography, 398 (Interscience Pub , 
New York, 1952) 


4Tanford, © , J Amer Chem Soe , 78, 2066 (1951), 74, 211 (1952) 
$ Tanford, © , and Epstem, J, J Amer Chem Soe , 76, 2163, 2170 (1954) 
° Malik, Wahid U , and Salahuddin, J Electroanal Chem , 5, 147 (1968) 
*Mahk, Wahid U , and Salahuddin, J Electroanal Chem , 5, 68 (1963) 


® Kalra, S , Singh, G , Ram, M,and Waller, 8 O , Ind Med Res ‘ 
171 (1958) 2 nay 


? Scott, W W , Standard Methods of Chemi ; 
H,1(D Van Nostrand Co, In iN ew VaR oy aac 

Tingane, J J , Ind Eng Chem, Anal Ed ,16, 329 (1944) 

1 Bridicka, R , and Wiesner, K , Coll Czech Chem Comm ,12, 138 (1947) 

3 Qurd, F R N, J Phys Chem , 58, 788 (1954) 

is Scatchard, G , dan N Y Acad Se 51 680 (1949) 


December 21, 1963 


BIOCHEMISTRY 


eoxyribonuclease in Synthesis of 
Yeoxyribonucleic Acid 
considerable amount of work on DNA 
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sy ‘been. done in recent years in different 
i 16 exact mechanism of DNA replication m 





: livir Fis not known even to-day. It is also not 
known whether or not a DNA molecule as a whole, with 
10,000 nucleotides, or a part of it or smaller fragments 
of it, acts as a template for DNA or RNA synthesis. 
Based on the observations that concentrations of both 
DNase activity and DNA are considerably higher in the 
liver of young rats than normally found in the same tissue 
of 2-10 months old rats, Devi ef al." suggested a possible 
role of DNase in synthesis of DNA. The recent reports on 
the ability of DNase 1 to increase the rate of mitosis in 
sea-urchin eggs? and DNA synthesis in many crude enzyme 
systems‘. led us to investigate the effects of DNase and 
sonications on the priming efficiency of two-stranded and 
‘heat-denatured DNA in DNA-synthesizing systems, 
previously described by us*. In this connexion, it should 
be mentioned that weë have recently found that two- 
stranded DNA acts more efficiently than heat-denatured 
DNA as a primer in the system where soluble extract of 
young or hepatectomized rat liver is used as the source of 
polymerase; when a soluble extract of old rat liver is used, 
- heat-denatured DNA: acts best as a primer. The results 
of our investigation on the role of DNase in DNA synthesis 
are reported in this communication. 
It is known that if DNA is. exposed to the action of 
© different amounts of DNase for the same length of time, 
it undergoes degradation without denaturation to smaller 
fragments of various chain lengths having different 
molecular weights”*.. Similarly, when DNA is exposed to 
sonic vibration it also undergoes degradation without 
denaturation. In this way, a series of homologous DNA 
samples was prepared. The samples all differ in molecular 
weight’? but retain double-helical structure, so far as can 
be judged from the shape of their melting point curves. 
They appear to be identical to the melting point curve 
of two-stranded, undegraded calf thymus DNA. 
The action of DNase on DNA synthesis was examined 
-by adding different. amounts of DNase to the assay system 
before the addition of high-speed supernatant fraction of 
vat liver. The conditions of the experiment and the 
-< method of the preparation of soluble extract are similar to 
those previously described by us®° and briefly mentioned 
at the bottom of Tables 1-3. In the second series of 
experiments, addition of DNase was omitted and all 
the samples of DNA, obtained after exposing the native, 
two-stranded DNA to sonication, were added to the 
= assay. system to act as primers. The assay method 
involves the incorporation of *C-TMP into primer DNA. 
Il ults obtained are summarized here. 
able 1.show that addition of DNase to 
to an inerease in the incorpora- 
dded DNA. This effect of DNase 
her of the two DNA’s, two-stranded 
jatured DNA, acts as a primer. This 
DNase can also be noted when the soluble extract, 
































MyEECT OF DNASE ON THE INCORPORATION OF “C-THYMIDINE 

RANDED AND HEAT-DENATURED DNA, CATALYSED BY SOLUBLE 

XTRACTS OF YOUNG AND OLD Rat LIVER 

Soluble extract of 3—4 Soluble extract of 10-12 

os... Weeks old rat liver months old rat liver 

> Two-stranded Heat-denatured Two-stranded Heat-denatured 
DN. DNA DNA 


AE h 7 i > 
Counts minimi. 








Counts /min/mil. 


808 832 1,64 
2,288 1,688 8,448 
1,558 3,208 2,008 

688 144 280 

364 — sa 


ent: the incubation mixture contained in a 
fdATP, dCTP, dTTP and 2-0 thymidine 
toethanol, Mg-acetate 8-0 zmoles, tris acetate 
‘ealf thymus DNA as indicated, Catt 25 zmoles, 
4 O-Lml, water; incubation time 1 h at 37° C. 
arried out by the disk procedure (ref. 3). 
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Table 2. Krrecr or SONIC VIBRATION ON THE PRIMING EFFICIENCY OF 

LWO-STRANDED DNA IN THE PRESENCE AND ABSENCE OF DNASE IN DNA- 

SYNTHESIZING SYSTEMS INVOLVING THE USE OF SOLUTE EXTRACT OF YOUNG 
AND OLD Kat Liver 


Time Soluble extract of young rat liver Soluble extract of old rat liver 
of Without With DNase Without With DNase 
sonication DNase 20 ug DNase 20 Hg 
(sec) eounts/min/ml. counts/min/ml. 
Ü 2,346 4,163 620 1,994 
30 2,674 3,218 790 2,554 
60 2,853 5,800 1,200 2,674 
120 3,340 2,656 1,888 2,220 
180 2,116 1,973 985 720 


m oe of the experiment were the same as given ‘at the bottom of 
able 1, 


prepared from either young or old rat liver, is used, for 


example, as the source of polymerase. It is, however, of 
considerable interest to note that two-stranded DNA, 
which acts as a poor primer in old rat liver enzyme system, 
exhibits even greater priming activity than heat-denatured 
DNA in the same system if the measurements are carried 
out in the presence of 20 ug of DNase. Tt can also be seen 
from our results that when heat-denatured DNA acts as a 
primer much smaller quantities of DNase are needed. If 
the concentration of DNase is increased further, the 
extent of imcorporation of “C-TMP into fragmented 
DNA falls rapidly. 

If the priming efficiency of the various homologous 
samples of DNA, obtained when the latter was exposed to 
sonic vibration for different lengths of time, are compared 
it becomes evident that DNA, exposed to sonication for 
only 2 min, can act best as a primer; in other words, 
maximum incorporation of #C-TMP into this DNA occurs, 
The molecular weight of DNA, exposed to sonication for 
only 2 min, is approximately one million. These results 
are illustrated in Table 2 and demonstrate that if DNA is 
first subjected to the action of sonic vibration and then 
the incorporation of “C-TMP into DNA is measured in the 
presence of DNase, a further increase in the incorporation 
of carbon-14 is noted. This increase in the incorporation 
of carbon-14 is observed only if the time of exposure to 
sonie vibration is less than 2 min and when the measure- 
ments are carried out in the presence of only 20 pg of 
DNase or less. If the concentration of DNase or the time 
of exposure to sonication is increased, the incorporation of 
4C.CMP into fragmented DNA drops rapidly. Such a 
drop in incorporation of carbon-14 is also observed when 
DNA is exposed to sonication for more than two minutes. 

All this information seems to suggest that degraded 





appropriate chain-lengths of molecular weight of one 
million. These act as primers in DNA synthesis thereafter. 
The assignment of such a role to DNase in vivo cannot be 
ruled out, simply on the ground that influenza virus DNA 
loses its genetic activity if it is acted on by a small amount: 
of DNase which does not even produce any change 






in its viscosity”. Contrary to this, Veldhinsew et e 
recently reported that the transforming princip 


+ o o 


DNA remains unaffected even when it is subject 


jected to the 
action of DNase, so long as the molecular weight of the 
fragmented DNA does not drop below 50,600 (5 x 105). 
When these results are considered together with the find- 
ings of Devi et al.>?, mentioned earlier, regarding the DNA 
content and DNase activity in the liver of rats of different 
ages, one is led to conclude that DNase should have 


some specifie role in DNA synthesis. If stepwise break- 
down of hydrogen bonds between base pairs of the two 
polynucleotide chains of DNA and its synthesis occur 
simultaneously!!-!2, it is at least conceivable that such a 
process becomes feasible and can occur more rapidly if 
fragmented DNA instead of undegraded DNA acts as a 
primer. If our efforts sueceed in demonstrating the 
retention of biological activity by such fragmented 
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CALF THYMUS NUCLEOHISTONE, CATALYSED BY SOLUBLE EXTRACT OF YOUNG 
oR OLD Rat Liver 
Soluble extract of young Soluble extract of adult 
rat liver (3-4 weeks old) rat liver one months 
old’ 


counts /min ‘mil, 


Source of DNA 


Rat liver nuclei (prepared 
at pH 70 in 044 M 
sucrose medium gor 


counts imin fmi, 


taining 0'004 M Ca++) 2,250 820 
Nucleohistone (without 

heating) 2,475 860 
Nuclechistone (after heat- 

ing at 100°C for 10 

min) : 750 1,680 


Conditions of the experiment were the same as given at the bottom of 
Table 1, the only difference being that instead of purified DNA either rat 
liver nuclei or calf thymus nueleohistone was added as a primer. 


DNA’s, then it will be possible to imagine that in a living 
cell DNA is first degraded by the action of DNase to proper 
chain lengths and acts as a primer for DNA or RNA 
synthesis thereafter. 

We have also found that DNA present in rat liver 
nuclei, prepared from calf thymus in 0-25 M sucrose 
medium containing 0-004 M Catt, and nuclechistone, 
prepared from calf thymus, can also act equally well as a 
primer in DNA-synthesizing systems, although the extent 
of “C-TMP incorporation, is much less than that which can 
be obtained when two-stranded DNA, degraded by sonic 
vibration, acts as a primer in the presence of DNase, under 
the best conditions of experiment. It is therefore clear 
from the results of Table 3 that histone cannot prevent, to 
any measurable extent, the synthesis of DNA. Bonner 
et al.“ reported that DNA of pea embryo chromatin, 
complexed with histone, was inactive in the support of 
DNA-dependent RNA synthesis. In rat liver nuclei or 
calf thymus nucleohistone this does not seem to be the 
case, as DNA in them can act freely and efficiently as a 
primer in our DNA-synthesizing system. Sarkar and 
Dounce previously reported that calf thymus nuclei 
exhibit very high proteolytic activity. It is therefore 
possible that histone, part of the DNA-~histone complex, 
undergoes rapid hydrolysis, releasing the DNA to act as a 
template in DNA synthesis. 

All the foregoing results clearly indicate that DNase does 
have a definite role in DNA synthesis. 

This work was supported by a grant from the National 
Cancer Institute of Canada. 
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Heterogeneity of Human ‘Intestinal Alkaline 
Phosphatase 
INVESTIGATORS who have examined the distribution of 
alkaline phosphatase after starch-gel electrophoresis of 
extracts of human small intestine have found the main 
enzyme activity concentrated in a single, rather diffuse 
zone in the haptoglobin region. with oceasionally one or 
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Anode — 
Origin 
a b € E d e 
Fig. 1. Alkaline phosphatase zones after starch gel electrophoresis of 


intestinal extracts: a, autolysed for 4 months; b,c, d, butanol extracts 
of duodenum, jejunum and ileum; e, butanol extract of small intestine 
stored for 4 months 

two minor, slow-moving components also present)‘, 
Chromatography on substituted cellulose columns has, 
however, revealed considerable heterogeneity in the main 
phosphatase peak of some intestinal preparations*®-*, In 
order to resolve this apparent discrepancy between the 
results with the two techniques, intestinal phosphatase 
fractions obtained by column chromatography have now 
been compared directly with those seen on starch gels. 

Extracts of specimens of human small intestine obtained 
within 24 h of death were made by Morton’s butanol 
method’. Phosphatase was eluted from columns of 
DEAE-cellulose by an increasing concentration of chloride 
ion in ¿ris buffer’; 3-ml. fractions were collected and 
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Anode } 
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b 
Fig, 2. a, Chromatogram of fresh butanol extract of small intestine 





on DEAE-cellulose column, (—~-, Phosphatase activity: ....., optical 
density at 280 ma; —~.-~, chloride concentration); b, Starch-gel 


electrophoresis of column fractions A, B and C and whole extract E 
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E A B C 
è 
Fig. 3. a, DEAE-cellulose chromatogram of butanol extract stored for 


4 months st ~ 20° C (key as for Fig. 2a); b, Starch-gel electrophoresis 
of column fractions A, Band C and whole extract E 


alkaline phosphatase activity, optical density at 280 mu 
and chloride concentration measured in each. Horizontal 
starch-gel electrophoresis. was carried out in the discon- 
. tinuous buffer system of Poulik! and was continued until 
the visible junction of the two buffers had moved some 
16 em past the sample slots; the leading edge of the phos- 


phatase zones was then about 10 em from the origin. 
< Phosphatase bands were located on the gel by the method 
of Estborn’. | 

~The single, broad phosphatase band previously found? 

was resolved into at least two components by the oxtended 

electrophoretic run (Fig. 1); these components main- 
tained their relative mobilities when re-run on starch gel. 
In fresh butanol extracts the slower of the two main zones 
was stronger, the ratio of the relative activities in the 
ones (determined by eluting the enzyme 
g between 2: 1 and 4 : I in different 
ies taken from different segments of 
d these two bands, but no correla- 
een the relative proportions of the 
anatomical site of the specimen. When 
ol extracts of small intestine were chromato- 
e electrophoretically slower zone was eluted 
© column first, the faster zone appearing as a 
der on the main enzyme peak (Fig. 2). A third active 
it of intermediate mobility could also be detected 
ith the slower zone. __ 
g storage at. — 20° C for about 4 months the electro- 
i¢ pattern of the phosphatase in butanol extracts 
--ehanged, the mobility of the faster zone increasing and the 

‘presence of a third zone becoming more apparent (Fig. 1). 

TY matographic pattern of the stored extract was 
more complex (Fig. 3). Prolonged autolysis of 
10omogenate (4 months at 4° C) also increased 
of the faster zone (Fig. 1), but in this sample 
zone was less apparent. 
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The several alkaline phosphatase fractions which can be 
separated by chromatography or electrophoresis. may 
represent structurally different, but functionally similar, 
enzymes. They may, however, be derived from a single 
enzyme; different enzyme molecules may remain attached 
during extraction to other substances, with which they 
are associated as a result of differences in intracellular 
localization, or the enzyme molecule. may be partly 
modified after death or during the extraction process, If 
post-mortem modification of the phosphatase molecule is 
involved the process might be expected to go to comple- 
tion during prolonged autelysis, one comp nent vanishing 
if all the enzyme is degraded. ‘Though there were altera- 
tions in electrophoretic mobility of the phosphatase corn- 
ponents in the homogenate allowed to autolyse for 4 
months, they did not change very strikingly in relative 
intensity. | PE 

When eluted from ‘Sephadex G-200 with 0-9 per cent 
saline the phosphatase activity in the tissue extracts 
appeared as a single, smooth peak with no resolution into 
separate bands; the different mobilities on starch gel- 
would therefore appear to be due to differences in charge 
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Gamma-Hydroxybutyrate, a Normal Brain 
Metabolite 
Tue finding that y-aminobutyric acid undergoes an 
omega transamination to succinic semialdehyde in brain! 
and the subsequent description of a specific dehydrogenase 
for succinic semialdehyde** indicated a complete pathway 
parallel to the Krebs cycle in the brain, which by-passed 
a-ketoglutarate dehydrogenase—a slow step in the 
eycle*. It was reported in the initial investigation, which 
demonstrated succinic semialdehyde as an intermediate, 
that this compound could also effect the oxidation of 
reduced DPN in brain homogenates, or in the presence of 
crystalline lactic dehydrogenase. The most likely pro- 
duct of this reaction would be y-hydroxybutyric acid (2). 
succinic semialdehyde + DPNH = y-hydroxy- | 
butyrate + DPN (1) 
We have found this new intermediate in extracts of 
brain tissue of rat, pigeon and man. Brain tissue was 
ground with 5 per cent trichloroacetic acid and extracted 
exhaustively with ether. The ether extract was saponified 
with 1 normal alkali to hydrolyse esters, anhydrides, and 
lactones. It was then acidified to 2 N in hydrochloric 
acid and heated to 100° overnight to reform lactones. The 
lactones were extracted three times with two volumes of 
ether and the concentrated ether extract was neutralized 
carefully to prevent saponification and treated with 
hydroxylamine in dilute alkali® to form the hydroxamic 
acids of the lactones. After the addition of five volumes 
of methanol to precipitate inorganic salts, the clear meth- 
anolic solution of hydroxyamic acids was subjected to 
ascending paper chromatography in several solvents. The 
spots were brought out with a spray of ferrie chloride. A 
single major spot was found which corresponded to 
standard y-hydroxybutyrohydroxamic acid. Mixtures of 
unknown with standards gave homogeneous spots. Table i 
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Table 1. APPROXIMATE Ry VALUES OF HYDROXAMIO ACIDS CHROMATO- 


GRAPHED. © i o 
` Acetyt radical of hydroxamate 
Brain yR OH- 

Solvent system extract butyryl valeryl Acetyl Carbamyl 
 ‘Butanol, water saturated 0-45 O45 0-60 0-52 0-19 
> Phenol, water saturated 0°65 0°65 me 0°68 ~— 
- Isobutyric acid, water saturated 0-50 G50 ~— 55 0-52 
Butanol isopentane ficrmic 

O meid/water, 2:201:3 0°32 O32 mam 0-40 21 
Butanol/formic acid/water, . 

EEB: ot i © 040 040 055 050 BR 


K gives Rp values of the unknown and standards in various 
. solvents. | 


_ The amount of y-hydroxybutyrate in brain tissue was 
estimated by comparing the recovery of standard material 
carried through the same procedures. Rat brain is 
‘approximately 1-2 millimolar in y-hydroxybutyrate and a 
human brain (no central nervous system disease) taken 
3 h post mortem was 0-3 millimolar. 

The successful use of the sodium salt of y-hydroxybuty- 
rate in anwsthesia has been reported by Laborit et alt. 
We have confirmed this effect in mice and rats (500 mg/kg 
IV) and humans (100 mg/kg IV). Im all species sleep 
begins within 15 min and lasts for about 90--120 min. 
Preliminary tissue investigations in rats show that the 
sleep period corresponds to an increment of y-hydroxy- 
butyrate in brain of about 2 millimoles/kg and lasts as 
long as this level is exceeded. This corresponds to an 
initial blood-level of about 3 millimolar. Preliminary data 
on human beings show sleep to occur while the blood-level 
exceeds 1 millimolar. 

The significance of these findings that a normal brain 
intermediate in relatively small doses can produce sleep 
is being investigated. 

This work was supported by grant G-7130 from the 
_US. National Science Foundation. 
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University of Maryland School of Medicine, 
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Lipase Formation by Micro-organisms grown 
on Hydrocarbons 
We have been investigating the utilization of hydro- 


carbons by micro-organisms, and have already described 


formation of amino-acids from kerosene by a fermentation 
process!, On the other hand, it is reported? that some 
authors have been examining the production by micro- 
organisms of feed supplements, fatty acids and other 
oxidation products from hydrocarbons. Recently, we 
investigated whether some enzymes are formed by micro- 
organisms grown on hydrocarbons as a sole carbon source, 
and have found that extracellular lipase is formed by 5 
strains out of 26 micro-organisms tested. 

Cultures were grown in the basal medium contaming 
2-5 per cent kerosene, 0-2 per cent urea (or 0-3 per cent 
NH,NO,) and mineral salts (MgSO,7H,.O 0-1 per cent; 
K,HPO, 0-1 per cent; Na, HPO, 12H,0 0-05 per cent; 


0-001 per cent), at 26-5° C on the reciprocal shaker. 












- Though the amounts of lipase formed by those strains are 
small (Table 1), it seems that fungi which utilize hydro- 


carbons all show lipase. Lipase activity in the cultured ` 
broth was determined by Nord’s method modified according | 


to K. Yamada and Y. Ota’, Ono unit is the 
enzyme which liberates 1 yequiv. acid/min. 





‘05 per cent; FeSO, 0-002 per cont, MnSO, 


wo amount of- 
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SE-FORMING STRAINS AND UNITS oF LIPASE FORMED 





“Table L Lars 





Strains Period of cultivation Nitrogen source Lipase activity 
SLOS ML Me ee ae . : 

(monld-like) ay sa urea, oe 
81903 = : 
(mould-like) 7 urea. 0-35 
(yeast-like) 2 NENO: OG 
S200M1 a 
{mould } 3 NHN Q f] P3 
S209M1 i 
{mould} 7 uren 0-8) 


Table 2. EFFECTS oF “EWEEN-20’ AND OLIVE OIL ON TIPASE FORMATION 
BY SLO2YL STRAIN 


Medium 


Lipase. activity Period of cultivation 
Cainit/mil.) 2 days 3 days 
Basal 0-55 0-4 
Basal "Tween 20° 0-065 per cent O05 G4 
Basal “Tween-20" 0-06 por cent 04 025 
Basal Olive oil 6-05 per cent 0-3 0-05 


Effects of “Tween-20 and olive oil on formation of 
lipase by S192 Y1 strain were tested. As shown in Table 2, _ 
formation of lipase seems to be slightly stimulated by 
adding 0-005 per cent “T'ween-20’ to the basal medium, 
while it is prevented when 0-05 per cent of “Tween-20° or 
olive oil is added. 7 

Identification of those lipase-forming strains are yet to 
be made. 

Joyt TAKAHASHI 
YUKIO IMapa 
KorcHr YAMADA 
Department of Agricultural Chemistry, 
_ Faculty of Agriculture, 
University of Tokyo. 
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Inhibition of Pyruvate Metabolism in 
Mitochondrial Suspensions by Cobalt 


In a recent publication, Strickland and Goucher’ claim 
that, in brief polarographic experiments, cobalt does not 
inhibit the oxidation by mitochondrial preparations from 
rat liver of keto-glutarate, @-hydroxybutyrate or pyru- 
vate. On the basis of these findings, the authors suggest 
that our observations? on the particular sensitivity of 
keto-acid oxidation to inhibition by cobalt may have been 
artefacts caused by prolonged incubation of the mito- 
chondria in the absence of a phosphate acceptor. 

We have confirmed that in the medium used by Strick- 
land and Goucher’, and in a modification of this (medium 
II, Table 1), even relatively high concentrations of cobalt. 


produce no significant inhibition of pyruvate oxidation _ | : ao 
by isolated mitochondria during the first 20 min of in- 


cubation in conventional manometric experiments. Strick- 
land and Goucher’s! incubation medium, however, differs 
from that used by us not only in the presence of ADP, 
but also in the contents of inorganic ions, particularly 
orthophosphate. In our previous papers** it was empha- 
sized that in studies of this type it is essential to control 
the phosphate content of the medium, since the latter 
limits the concentration of free, ionic cobalt that can be 
maintained in solution. It seems that the failure of 


Strickland and Goucher! to observe the inhibitory action 
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Table 1 ACTION OF COBALT ON PYRUVATE OXIDATION BY MITOCHONDRIA 
FROM Rav LIVER IN DIFFERENT MEDIA 
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Incubation medium 
Til (Medium II 


Cobalt with the phos- 
concen- | I I (Medium I with ADP | phate content 
tiation i(ref replaced by 2 mM ATP, | decreased to Iy 
(ug/ml ) and without cytochrome c) | 8 mM, and the | (ref 2) 
addition of 
| 10 mM res) 
i vs 
Rate of oxygen consumption (ul Jh) 
0 118) 162(162) 185 (135) 111 (77) 145 (145) | 134 
6 141 (119) 
10 182 (182) 123 (99) 128 (105) 85 
15 138 (93) 
30 105} 156 (145) 122 (87) 92 (68) 92 (60) 63 
60 145 (110) 87 (60) | 67 (48) 47 


90 109 (63) | 





Mitochondria were isolated mn 0 25 M sucrose‘, washed and resuspended m 
0 25 M sucrose at a density of 3 mg mitochondrial mitrogen/ml* Each 
Warburg flask contatned the mitochondnal suspension (0 4 ml) and other 
components of the experimental system in a total volume of 20 ml ‘The 
flasks were equilibrated for 10 mm at 37° before the initial readings The 
values in each vertical column of the fable were obtained with the same 
prepiration of mitochondria, and are calculated from readings taken over 
the first 20 mun of incubation Rates of oxygen consumption after 60 min 
are given mm parenthesis 


at a given concentration of cobalt was similar to that 
observed m our orgmal medium (medium IV, Table 1) 

In all media listed m Table 1, the presence of either 
ADP or ATP was essential for oxidative activity by the 
mitochondria, but neither the rates of pyruvate meta- 
bohsm ın the absence ,of cobalt nor the mhibition pro- 
duced by the cation in media ITI and IV were affected by 
replacement of the diphosphate by the triphosphate 
Cytochrome c was unessential, and was omitted from the 
modification (medium IT) of Strickland and Goucher’s! 
medium 

In the presence of 20 mM phosphate (media I and IT) 
the low concentrations of cobalt (6-10 ug/ml ) consistently 
gave slight stumulation of oxygen uptake, and even at 
concentrations of 60 ug/ml httle mhibition of pyruvate 
metabolism was obtamed until after about 20 min incu- 
bation, that 1s, after termmation of the measurements 
described by Strickland and Goucher! Both these 
observations indicate that mn these media the concentra- 
tion of available cobalt 1s considerably less than that added 
Thus, as previously reported’, stimulation of mitochondrial 
pyruvate oxidation occurs at sub-inhibitory concentra- 
tions of cobalt (less than 1 pg/ml) The delay m the 
onset of mnhibition at the higher levels ıs possibly related 


100 


Oxygen uptake (zl } 


2 


4 6 8 18 12 
Period of incubation (min) at 37° 


Fig 1 Inhrbition of mitochondral pyruvate oxidation bs cobalt. 
Experimental conditions as described in the teat 
©, control, @, 1 xg atom Co*t/ml 
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to the reduced rate of cobalt uptake by the mitochondria 
that must occur 1f the concentration of free cation 18 
limited by the solubility of a phosphate (complex). It 
seems unlikely that this delay reflects mitochondrial 
damage, since, 1n the absence of cobalt, the rate of oxygen 
consumption usually remamed constant for at least 60 mim 
(Table 1, media II and IIT) 

Certainly the criticism that the observed sensitivity of- 
keto acid oxidation to cobalt under the appropniate con- 
ditions 1s an artefact due to the prolonged incubation, 18 
invalid, smee mhibition by the cation can be observed 
within very short periods To demonstrate this mano- 
metrically, two flasks of sımılar constants, both pre- 
warmed to 37°, were used for each experiment Hach 
contained the components of medium IV m the main 
compartment and 5 N sodium hydroxide (0 2 ml) in the 
centre well At zero time, the mitochondrial suspension 
(80 mg N/ml, 05 ml) was added to one flask, and 
0 25 M sucrose (05 ml) to the other After the intro- 
duction of the filter paper strips mto the centre wells, the 
flasks were attached to the manometers and inserted into 
the water bath within 40 sec, the manometer taps bemg 
closed after a further 60 sec Readings of the two mano- 
meters were taken 2 mm from zero time, and at 1-min 
mtervals for 11 min thereafter 

Oxygen consumption by the mitochondria was then 
derived from the difference between the volume changes 
in the expermental and control systems The rates of 
oxygen uptake determined by this method were Imear 
and reproducible Control mitochondrial suspensions con- 
sumed 86 ul oxygen/mm This was reduced to 56 ul 
oxygen /mm in the presence of 1 u-atom cobalt/ml (Fig 1) 
Although the mnhibition (36 per cent) observed under these 
conditions 1s less than that (53 per cent) produced by the 
same Co#+ concentration over a 20-min period (Table 1, 
medium IV) the results (Fig 1) leave httle doubt that, 
provided adequate levels of free cation are maintamed m 
solution, inhibition of keto acid oxidation by cobalt occurs 
at times when degenerative changes ın mitochondrial 
organization and metabolism appear umprobable 

J T DINGLE 
M WEBB 
Strangeways Research Laboratory, 
Cambridge 
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Utilization of Alpha-Ketoglutarate by Red 
Blood Cells for Glutathione Synthesis 


INVESTIGATIONS 1n this laboratory have indicated that 
glutamic-oxaloacetic transaminase activity 1s increased ın 
young red blood cells Subsequent ageing 1s associated 
with a marked decrease ın activity'* In an attempt to 
provide some understandimg of the possible physiological 
role of this enzyme ın red cells, we were led to an examuna- 
tion of the metabolism of glutathione Sufficient inform- 
ation has already become available to indicate that 
erythrocytes possess the enzymatic machinery for syn- 
thesizing glutathione’-* The relatively rapid half- 
turnover tıme of glutathione, 65 and 96 h respectively ım 
rat and human red cells’, suggests that this mechanism 
plays some part m their metabolic economy In addition, 
it indicates that adequate supplies of substrate amuno- 
acids are available to the erythrocyte In view of the 
relative impermeability of red cells to glutamic acid® there 
1s some doubt as to the exact mechanism by which supplies 
of this ammo-acid are made avaiable to the red cell under 
physiological conditions Consideration was therefore 
given to the possibility that glutamıe acid might be 
supphed through transamination of another metabolic 
intermediate after 1ts entry into the erythrocyte This 
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communication gives data mndicating that a-ketoglutarate, 
the most obvious possibility, can be mecorporated mto 
glutathione ın vitro by human red cells 

Assay conditions for this mvestigation were identical to 
those used with rat erythrocytes? except for the melusion 
of amino- or keto-acid labelled with carbon-14 Glutamic 
acid, cysteine and glycme were present at a final concen- 
tration of 0 03 M with incubation under nitrogen for 3 h 
at 37° C ın a Dubnoff metabolic shaker The adequacy of 
these conditions for the promotion of glutathione synthesis® 
was confirmed, but no attempt was made to determine 
whether they were also optimal for human erythrocytes 
When «-ketoglutarate was used, it was substituted for 
glutamic acid at the same final concentration, 

At the end of the meubation period, the red cells were 
washed three times with Krebs-phosphate buffer and 
hemolysed ın 10 ml of distilled water After the addition 
of 20 mg of carrier, glutathione was isolated by precipita- 
tion as the copper mercaptide® followed by reduction with 
hydrogen sulphide* The resultant solution was analysed 
for glutathione! and a representative portion was. dried on 
stamless steel planchets Countmg was done in a Nuclear 
Chicago gas flow counter with suitable corrections for 
self-absorption. Control experments indicated the 
absence of significant non-specific radioactivity im the 
isolated material When estimates of red cell uptake of 
substrate ammo- or keto-acids were desired, washings 
were carried out with mcubation mixture devoid of radio- 
activity. After hamolysis, a small portion of the hamoly- 
sate was plated and counted directly in addition to the 
usual estimate of radioactivity in the isolated glutathione 


Table 1. UPTAKE oF LABELLED AMINO- OR KnTO-ACIDS BY FED CELLS 


Final cone Final cone mn 
In media red blood cells 
(#M/100 ml) (2M /100 ml ) 
Exp Exp 2 
Glycine-UC 3,000 485 528 
Glutamic acid- 3,000 39 33 
Alpha-ketoglutarate-“C 3,9000 805 218 


The uptake of glutamic acid, glycme and «-ketoglutarate 
by erythrocytes after 3 h of mcubation ıs presented in 
Table 1 The results demonstrate the relative ımperme- 
ability of red cells to glutamic acid despite the high con- 
centrations in the surrounding medium 

Glutathione synthesis was estimated as the amount of 
meorporation of radioactive ammo-acid mto the isolated 
glutathione Quantitation was based on the specific 
activity of the added “C-ammo- or keto-acid The 
results of three typical experiments comparing incorpora- 
tion of each of these substrates are presented in Table 2 
together with the mean values from a larger series of 
separate studies with each acid Although the results 
were somewhat variable in individual experments, the 
mean «-ketoglutarate mcorporation was approximately 
70 per cent of that for glutamic acid The results for 
glycine indicate that much greater amounts of this 
amino-acid are incorporated This discrepancy is no doubt 
due to the demonstrated differences in permeability of the 
red cell to each of these amino-acids In all cases, syn- 
thesis was estimated from the specific activity of the 
amino-acid m the medium No attempt was made to 
correct for dilution by endogenous material While red 
cell uptake of glycme was sufficient to justify disregarding 
the neghgible dilution by unlabelled amino-acid, this was 
apparently not true for glutamic acid In the absence of 
appropriate analysis, no adequate estimate of the effect of 
endogenous glutamate on the final specific actrvity appears 
possible However, an absolute mmimmum of a two-fold 


Table 2, INCORPORATION OF AMINO- OR KETO-ACIDS INTO GLUTATHIONE 


BY PED BLOOD CELLS in miro 


Exp Glycine-“CO Glutamic-"C a-Ketoglutarate-“C 
No {moles 100 ml red cells) 
1 67 0 140 170 
ae 68 2 15 4 61 
8 60 6 127 54 
Mean 69 7 (16}* 16 0 (9) 10 8 (10) 
range (39-95) (7 7-23 5) (5 4-21 3) 


* No of experiments 
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dilution must be mvolved since the uptake of labelled 
glutamic acid by the red cell 1s m the range of endogenous 
levels of this dicarboxylic acid reported by several investi- 
gators! The decreased incorporation of «-ketoglutarate 
can be explamed m a similar manner Although this 
keto-acid apparently enters the human red cell much more 
easily than glutamate, since ıt appears in the isolated 
glutathione 1t 1s probably converted to glutamie acid by 
transamination The rate and amount of this conversion 
are unknown Unless transammation ww extremely rapid 
and complete, the labelled glutamate so formed would also 
be extensively diluted by endogenous amino-acid 

The present results provide experimental evidence of the 
erythrocyte’s ability to utilize «-ketoglutarate in the 
synthesis of glutathione. ‘The amount of imcorporation 
appears to be consistent with recent results on red cell 
utilization of «-ketoglutarate™ Additional study will be 
required to determme whether this pathway represents the 
normal physiological mechanism mvolved ın glutathione 
synthesis Full appreciation of its physiological signifi- 
cance will depend, to a large extent, on the degree to which 
glutathione ıs itself further umplicated m the metabolic 
economy of the red cell 

Martın D Sass 
Medical Research Laboratory Medical Service, 
Veterans Admmistration Hospital, 
Brooklyn 28, New York. 
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Bound Carnitine in Bovine Brain 


RECENT evidence for the presence of carnitme m 
phospholipids of yolk sac has been given by Mehlman and 
Wolf! Accordingly, ıt was proposed by these authors 
that phosphatidyl carnitine could represent a bound form 
of carnitine in avian tissue In contrast to the results of 
Strack et al? and Hosem and Proulx’, their investigations 
failed to show the presence of any bound carnitine in the 
mammalan species In this latter case, analyses were 
performed im the dialysable material obtained from 
trichloroacetic (TCA) extracts no study was made on the 
TCA precipitates nor on the non-dialysable residues It 
18 quite conceivable that carnitine could have been present, 
in the fractions not mvestigated, either bound to or as a 
component of phospholipid 

In the work recorded here, evidence was sought for the 
presence of carnitine m the phospholipids of bovime brain 
The brams were first homogenized m cold 50 per cent 
aqueous acetone to extract the free carmtme After 
filtration, the residue was extracted for phospholipids 
according to a specific method by Erickson and Lands* 
This material, dissolved m a mmumal amount of chloro- 
form, was washed several tunes with water The chloro- 
form was then evaporated under reduced pressure and the 
phospholipids were hydrolysed m 6 N methanolic hydro- 
chloride! After removal of fat with ether, the aqueous 
phase was decolorized with ‘Norit-A’ A portion of the 
final solution, adjusted to pH 8 5, was treated with 5 per cent 
methanolic reineckate to precipitate choline Followmg 
filtration, the mother liquor was adjusted to pH 1-1 5 to 
precipitate carnitine according to a method by Bregoff 
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e-al®’ The remeckate precipitates, dissolved ın acetone, p9 SELENIUM 
were decomposed by using accepted methods*5* and the 12 we 
final solutions were brought to dryness under reduced ms Ee 
pressure at 60°C Inorganic salts were removed by 10 7 
repeated methanolic extraction The material precipi- Be eeiperite 
tated with alkaline remeckate proved to be a mixture of o8 
at least two substances with melting points of 192°-196° C 
and 243°-250°C Chloroaurate treatment’? yielded two sa 
derivatives whieh melted at 152°-154° C and 257°-263° C 
In certam mstances material with a meltmg pomt of iá 
228°—232° C was also obtained which could not be further 63 
purified by washmg with 1 per cent hydrochloric acid or 
by crystallization from ethanol The materials precipitated o CHA 
with acid remeckate had melting points of 143°C and Per Gm Par Gm p 
190°-194° C the chloroaurate derivative of these sub- ALBUMEN YOLK Gee 2 
stances melted at 152°-154° C Pure carnitine, carnitine (Aver wgt Sogm) 
hydrochlonde, and carmtine chloroaurate melt at 196°, Fig 1 Selenium content of fresh eggs Distribution between yolk 


142° and 152° C, respectively Pure choline and choline 
chloroaurate melt at 247° C and 260°-263° C, respectively 
(Choline chloroaurate crystallized from acid ethanol melts 
at 230° C ) 

Further evidence for the presence of carnitme was also 
obtained from paper chromatography A portion of the 
hydrolysate was concentrated to near dryness, extracted 
with methanol to remove salts and the final solution was 
subjected to chromatography in the butanol/acetic acid/ 
water (41+1) system? Two components were detected 
with 1odme vapour, which corresponded to carnitine 
(Er 0 22) and cholhne (Rr 0 40) 

From these results ıt would appear that there ıs some 
bound carnitime m association with phospholipid fractions 
of bovme brain In support of this 1s the fact that some 
carnitine remains in the phospholipids even after acetone 
and water extractions Since carnitine resembles choline 
m chemical structure, ıt 1s not unhkely that this former 
substance is a constituent of phospholipid as was suggested 
by MehIman and Wolf! 

Investigations are now under way to estimate quanti- 
tatively the amount of carnitine ın phospholipids of brain 
and to see if phosphatidyl carnıtme could not account for 
at least part of the bound carnitine 

This work was supported by a grant from the Medical 
Research Council of Canada 
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Selenium Content of Fresh Eggs from 
Normal and Dystrophic Chickens 


Tx biological role of selenium 1s as yet unknown, but 
the evidence accumulatmg from many investigations” 
suggests that this element ıs necessary ın trace amounts 
for normal structure and function of muscle and other 
tissues In our mvestigations on the possible relation 
between selenium content of tissues and muscular dys- 
trophy occurrmg as a hereditary disease m chickens, 1t 
seemed appropriate to determine the amounts of selenium 
m eggs from normal and dystrophic birds We thank 
Prof W Landauer of the University of Connecticut at 
Storrs for his collaboration 

After the eggs had been weighed, albumen and yolk 
separated and freeze-dried, the selenium was determined 
by the methods previously reported?41* 


and albumen 


The :esults of our investigations are shown in Fig 1 
The open columns represent the arithmetic mean of micro- 
grams of selenium per gram of fresh albumen, yoke and 
whole egg from normal chickens, and the striped bars 
show the mean values from dystrophie chickens 

There was no difference in the selenium content between 
the eggs from the normal and dystrophic birds, each 
contained about 11 micrograms of selentum. However, 
notable and mterestmg differences m the distribution of 
the selentum withm the egg were found The yolk repre- 
sents only about a third of the weight of the whole egg, 
but ıt contamed most of the selenium Simular results 
were found m all the eggs which were analysed 

The presence of appreciable amounts of selenium in the 
egg, and especially m the yolk, may pomt to a necessity 
for selenium in the early development of the embryo 
Investigations to test this hypothesis are ın progress 

This work was supported m part by a grant from 
Muscular Dystrophy Associations of America. 
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Structure of ‘Complex’ Phospholipids 


Recoentity, Collins has described the presence of 
‘complex’ phospholipids m animal tissues!” These 
compounds are shown to be very sensitive towards silicic 
acid and other mild hydrolytic reagents This characteris- 
tic 1s believed to be the reason why other workers failed to 
detect the ‘complex’ phospholipid fraction, since chroma- 
tography over silicie acid is universally utilized m the 
study of phospholipids. Collins defines the complex 
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phospholipids as havig a phosphate triester group and 
structures such as I and II are suggested , that 13, the free 
hydroxy group on the phosphorus of a ‘normal’ phospha- 
tidyl-choline, -ethanolamme or -serme 1s esterified with a 
glycerol moiety The hydrolysis of these phosphate 
triesters by chromatography over silicic,acid would give 
rise to ‘normal’ phosphatidyl-choline, -ethanolamine or 
-serme and the corresponding lyso derivatives , compounds 
which are identical to those which are actually obtained 
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For two reasons the evidence described by Collins! 1s, ın 
my opmuion, more compatible with a pyrophosphate (acid 
anhydride) Imkage m the molecule, as shown by structure 
Hit Fist, phosphate triesters are, generally speakimg, not 
unstable compounds*?, pyrophosphates, on the other 
hand, are easily hydrolysed under moderate conditions®® 
Secondly, Collins! states that 39 per cent of the rat liver 
phospholipids consists of complex phospholipids Hanahan, 
Dittmer and Warashina‘, who used silicie acid chromato- 
graphy, found, however, only traces of lysolecithins in rat 
hver phospholipids If the complex phospholipids on 
degradation over silicic acid were to produce lysolecithin 
this last quantity would be expected to be higher Hydro- 
lysis of a pyrophosphate structure will lberate only 
phosphatidyl-choline, -ethanolamime or -serme The pyro- 
phosphate bond has been shown to exist in protems’, and 
is present in numerous other natural substances (coen- 
zymes) It should also be mentioned that a pyrophosphate 
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structure was originally suggested by'Fleury® for ‘glycero- 
phosphatogen’, a substance formed on mild alkaline hydro- 
lysis of lecithin A rigorous proof of the existence of a pyro- 
phosphate bond m these ‘complex’ phospholipids could be 
obtamed by enzymatic methods such as those used by 
Perlmann? 
A J DE KONING 
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Analysis of A and B Wave Interaction in 
the Rabbit Retina 


WOoRKING with modified versions of Ames’s!:? technique 
for maintaming a functioning but isolated rabbit retina, 
we have presented evidence which strongly supports the 
hypothesis that the prominent negative wave exhibited by 
this preparation is equivalent to the A wave of the ordinary 
electroretinogram? In addition, we have been able to 
analyse this response into photopic and scotopic functions 
which probably correspond to the A, and A, waves 
identified by Heck and Rendahl‘ and others using mtact 
animals On occasion, the isolated retimal preparation 
will exhibit what appear to be both the A and B waves 
(The conditions under which the B wave occurs are 
now under mvestiga*ion However, at this time we do not 
have enough results to offer in the form of a communica- 
tion Furthermore, at present we must rely on the spurious 
occurrence of the potential and this accounts for the 
embarrassing 60-cycle artefact ) 

This communication presents results gathered on a 
preparation which did show both potentials when illu- 
minated by a single 10 micro-second flash of white hght 
By means of a strychnme technique (unpublished data), 
1t 18 possible to disassociate in time the apparent peaking 
of the two components involved in the A wave When 
these components are sufficiently separated ıt 1s possible 
to observe the emergence of the positive potential out of 
each negative trough Fig 1 shows the effect on the 
described preparation of mncreasmg the Jlumination 
It will be noticed that at the lowest illummation-level 
only the A, or scotopic function 18 observable, followed by 
a positive B wave As the intensity increases, the magnitude 
of the A, wave increases and the A, wave appears 
Further mereases m intensity bring about the emergence 
of a positive potential occuriing later than the A, wave 
but prior to the oceurrence of the A, wave The last 
two pictures in the series show a notch in the B wave 
which corresponds ın time to the A, wave 

It should also be noted from the resultsin Fig 1 that as 
the A, wave becomes moie effective m producing a 
positive potential the general shape or envelope of the B 
wave changes The appearance of the two positive 
waves is consistent with the observations of Motokawa 
and Mita’, Adran? and Henkes’, which demonstrated 
that the B wave 1s composed of photopic and scotopic 
processes Another thing 1s mmmeduiately apparent 
the time of the peak value of the A, wave appears to 
decrease with mereases m ilummation However, a 
reasonably simple analysis shows that this is, more than 
likely, the result of differential amplitude variation 
between the two components Furthermore, the slope or 
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Relative Intensities of photic stimulation 
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igs To Eieet of increasing the intensity of iumination on the initial 
o  Regative waves and the emergence of the positive potentials, The 
results in the left column were obtained by exposing approximately 
Li per. tenb of the cantralmost portion of the retina, and the results 
in the right-hand column were obtained by virtually complete exposure 
ofthe retina to photic stimulation. The relative intensities are chown 
inthe figure, Calibration is 100/nV/em, negative downward, The 
sweep speed is 10 msec/em for the data in the left column and 20 msec/em 
for the data in the right column., Time conatants were set at Od Cpa. 
and 10 ke/s and the amplifier was a.c. coupled to the recording osel Loscope 


* Preparation moved closer to ight source. The relative intensity was 
not caloulated, 


riso timo of the B wave being superimposed on the A, 
_. potential would add to the confounding of the apparent 
“time of peaking, 

Let us consider that the early part of the electrovetino- 
gram is a simple sum of the photopic and scotopic res- 
ponses. ‘They may have somewhat different onset latencies 
and widths so that they are disposed in such a manner 
that the A,, presumably photopic, peak coincides in time 
with the rising slope of the A. probably scotopic, wave. 
The A, peak coincides with the falling slope of the A, 
wave, which is identical with the front slope of the first 
B wave component. Also, three further simple assump- 
tions are consistent with recent observations on rabbit 

and cat retinw: (1) the shapes of the waves are not 
substantially altered by increases in the intensity of 
l rhitelight: (2) their onset latencies ehange 
pparent peak times; (3) both waves increase 
n but over an intermediate range the A, 
merges out of the noise background and surpasses 
wave amplitude. Therefore, we might say that a 
ignificant dependent variable is the ratio (r) of the 
de of A, to that of A,. 
® interested in determining when the sum, f(t), 
and A, time functions. f,(¢) and fait), reaches 
which is equivalent to asking when 






















es zero, However, aceording to our 
; ean be factored into amplitude 
and on stimulus intensity and 
Fatt) which do not. 





+ he fer’ (t) = 0 
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at either of the two possible apparent peaks. Or if we 
consider only practical cases where g and A are both 
non-zero and fi (t) and fyt) are not simultanoously 
LOTTO: 


F (@} = rhiy (t) + Fas’ (f) = 0 


This shows that the time at which f(t) reaches zero 
depends on 7, therefore on intensity, even though the 
time shapes of the individual processes do not. 
From the last equation, a qualitative deseription can be 
made of the variations in the timing of the two peaks with 
changes in intensity. As the intensity increases both A, 
and A, waves should appear to peak earlier, The apparent 
time of the A, wave peak approaches asymptotically the 
real time of the A, process peak. This should serve as a 
reminder that changes in timing may be more apparent 
than real, and one must be quite carefulowhen analysing 
the results to distinguish real latency changes from con- 
founded interacting events. | 
As already mentioned, the pictures obtained in this 
series wero taken under a rather extraordinary condition 
which was so manipulated that we were able to observe 
these events. We would suggest, however, that the 
temporal relationships of the A, and A, waves in normal 
preparations and their summing with each of the sub- 
sequent positive potentials may result in the double- 
peaked activity observed many times in the ordinary B 
waves*, Furthermore, when using chromatic stimulation 
the interaction would be even more complicated due to 
the hue-induced changes in shape of at least the A, wave 
represented in the equation as fatt) (ref. 3). 
E. Le FAUTLER 
R. A. WILSON 
Life Sciences Research, 
toodyear Aircraft Corporation, 
Akron, Ohio. 
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‘Safety Valve’ Effect of Excess Dietary 
Amino-acids and Protein on Food Intake in 
Hyperphagic Rats 


IMBALANCES in amino-acids and excessively high-protein 
content of the diet (66 per cent or more) depress food 
intake and retard growth in rats. It has been suggested 
that resulting metabolic disturbances affected the mechan- 
ism of regulation of food intake. The fact that in some 
instances administration of insulin counteracts the growth: 
retarding effect of leucine excess was taken as supporting 
this view!. Going one step further, it has been. suggested. 
that blood amino-acid patterns played a X H 





the mechanism of satiety and the re; 107 food. 
intake**, The experiments presented here were designed 


to show whether excess or imbalanced amino-acid and 
protein intake do, in fact, act on the mechanism regulating 
food intake or whether they limit food intake by acting 
through other structures. Inasmuch as it has been shown 
that the ventromedial hypothalamic area regulates food 
intake, that is, adjusts food intake to energy output, 
apparently by inhibiting constantly activated lateral 
‘feeding centres’® and exercising some measure of control 
over gastric contractions, the animals used were ten 
female albino rats (Charles River strain) the ‘satiety’ 
centres of which had been destroyed by electrocoagulation 
of the ventromedial area. | 

The success of the operation had been established by 
allowing the animals to become obese (their weight had 





wen, 





| 


| 





eo. abe ceo ee 
16 ee WO | 60 
19-2 14:4 i40 | 124 
20-2 180 17-0 =o | 
30-0 300 24-6 19-2 
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* Negligible intake—-not averaged. 
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+t Tumour developed. 


Sérhl-ayaithetle one a 4 per cent corn oil, 0-5 per cent cod liver oil, 4 per eent salt mixture, casein as indicated, difference made up of sucrose 


vitamins aS see? (red 


| gone from 275 g to an average of 562g); the animals had 
then been reduced to 425 g to bring them back to the 
‘dynamic’ ‘phase of hypothalamic hyperphagia. They 
-were then adapted for a period of four days to a control 
low-protein, semi-synthetic diet containing 9 per cent 
casein (1) supplemented with 0-3 per cent d,l- methionine 
and. 0-1 per cent d,l-tryptophan. At the fourth day, 
protein depletion had apparently ceased. and, on the fifth 
day, five of the animals were put on a diet (L 5) in which 
5 per cent of the sucrose in L 1 had been replaced by 
l-leucine... The remaining animals stayed on L 1. After 
five days, the two groups were switched. Food consump- 
tion and weight were recorded daily. Except for one rat, 
daily food intake on L 5 fell to 25-50 per cent of food 
intake on £L 1. (Average daily intake 22-9 g/day on L 1; 
10-3 g/day on L 5.) Weight was correspondingly affected. 
The depression of food intake by a dietary excess of 
leucine. is thus obviously not mediated by the satiety 
centres. = — 

We next explored the possibility that limitations of the 
ability to metabolize protein affects food intake through a 
structure other than the satiety centres. The 10 hyper- 
phagic rats were placed on a series of semi-svnthetic diets’ 
containing 40-90 per cent casein and daily intake determ- 
ined. The diets were fed five days each in the following 
order: 60, 40, 70, 50, 80, chow, 90 per cont. This order 
was chosen to preclude a progressive adaptation. 

Table I gives the average daily intake for each animal 
on each diet, with the average amount of protein ingested 
daily. It is clear that for most animals there is a range 
. (50-80 per cent of protein) over which the amount of 
protein ingested is relatively constant. In this range, 
which incidentally represents protein-levels in consider- 
able excess of what would be found in natural diets, 
caloric intake is insufficient to maintain body-weight. 
Larger animals with the greater intakes at the lower 
protein-levels tend to be better able to maintain the 
limiting protein intake over a wide range of dietary 
protein-levels. In the 10-40 per cent protein range, 
protein-level does not influence intake. 

The limitation of food intake in hyperphagic animals 
fed abnormally high protein diets so that protein intake 
does not exceed a limiting value is obviously independent 
of the presence of the ventromedial satiety centres. It 
differs. in. principle: from the homeostatic control of food 
intake in that it does not equate energy intake to energy 
output. It appears to act like a ‘safety valve’. preventing 
the excess ingestion of protein rather than like a servo- 
- mechanism. — Limitation of food intake by amino-acid 

excess. or imbalance may be the result of a similar phenom- 
enon. The classic experiments of Kennedy® on the effect 
of heat on. hypot alamic hyperphagic. rats can be inter- 
preted again as. deporting: a Similar, ay valve’ 


effect a we heat and. Spinal in oe 
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HAMATOLOGY 


Pee of Factor VU (Antihemophilic). 
Activity by Transfused Serum 


Patients with factor VIII deficiency and prolonged 
skin bleeding time (von Willebrand’s syndrome) who: 
receive fresh blood or plasma from normal donors or from | 
patients with hemophilia A with very low factor VIII 
activity show a much higher factor VIII activity in their 
plasma than could possibly be explained by the amounts 
given. The maximum factor VIII activity is reached 
4-8 h after transfusion and persists longer than in hemo- 
philia A (refs. 1 and 2). 

The prolonged skin bleeding tune may be temporarily. 
shortened. The component responsible forthe factor VOT == - 
stimulation has not been distinguished from that: associate ed 
with the skin bleeding time. ees. 

Evidence is presented which PETET that the ieo 
factors are different. 

A 2l-year-old male (D. W.) with a bleeding tendency 
since infancy has approximately 10 per cent of factor VITIT 
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Transfusion data 


| Volume | 
i (mh) j 
| 1,000 
1,100 


34, 180 
sma fraction Fa 
1-0 {7) 
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added to 1 vol. of a solution containing 0-053 


activity in his plasma and his skin bleeding time is con- 
sistently in excess of 20 min, except after blood trans- 
fusions. His plasma volume is assumed to be 3 litres, 

He has been transfused successively with plasma, serum 
and plasma fraction I-O (ref. 3). Factor VIII determina- 
tions in plasma and skin bleeding time were performed at 
intervals. The relevant results are shown in Table 1 and 
Fig. 1 and are compared with that of a patient (R. C.) with 

~- severe hemophilia A (less than 1 per cent plesma factor 
~ VHI) whose plasma volume is assumed to be 3-5 litres. 
_ The results after transfusion observed in R. C. are typical 
< of those seen in hemophilia A in which the half-life of 
< transfused factor VIII is botween 5 and 15h. In the case 
: N . the plasma factor VIII activity rose much higher 
expected following transfusion of plasma or serum. 
ddition tho skin bleeding time was shortened after the 
_ transfusions of plasma or of the plasma fraction I-0 but 
_ the serum transfusion did not shorten the skin bleeding 







represent truo factor VITI-levels. 

The observations suggest that normal plasma contains 
two components which are lacking in patients with von 
Willebrand's syndrome. The component which stimu- 
lates factor VIII activity én vivo is prosent both in citrated 

-= plasma (pH 7-1) stored at — 20° C for 30 days and in serum. 

= Only a low activity is present in lyophilized plasma frac- 

. tion I-0. The second component which shortens the 

bleeding time is present in frozen plasma and plasma 
fraction I-0, but is absent from serum. 

_ Potentiation of factor VIII activity occurs in normal 
‘persons and hemophiic patients with measurable levels 
of plasma factor VIII immediately after exercise or 
<o adrenaline infusion’, and a rise of factor VIII activity 
-occurs in normal persons 1-3 days after serum infusion’. 
obvious relation, between these observations 
experiments. 

ations will be reported separately. 

-Cross Blood Transfusion Service, 
of blood and blood products. 
ipported by a grant-in-aid from the 
d Medical Research Council, Canberra. 
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transfusion 


Factor VII | Duration of Before | Expected | Observed | Time after 
(min) | 


(a) Expressed as mi. of plasma with a i cent normal factor VIII activity. (b) Calculated on basis. 
added A 4 M citric acid and 0-105 M trisodium citrate, plasma obtaiz g 
days. Thawed and warmed to 37° C immediately before use (Fig. 1, curve ©). (d) Blood collected without anticoagulant 
centrifuged, serum collected, stored for 24 h at room temperature and then 24h at 2° C {curve @). P 
reconstituted (curve A). (7) As for (e) but from 4,900 ml. of A.C. D, plasma (curve $), 
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Correlation between Rheumatic 

Rh Blood Groups 
We have recently determined the blood groups of 99 
patients with some variety of articular disease (31. with 
rheumatoid arthritis, 31 with rheumatoid spondylitis, 15 
with gout, 9 with disseminated lupus. erythematosus, 6 
with familial Mediterranean fever, and 7 with various other” 
diseases). Statistical analyses demonstrated no significant 
heterogeneity among the results obtained for the different 
diseases. Accordingly, the data were pooled. For com- 
parison we used Wiener’s series of 1071 New York Whitest, 
as in & previous investigation?.. There is a significant 
correlation between the absence of the Rh antigen D and 
rheumatic disease, as shown in Table 1.. No correlation 
was found between the presence of rheumatic disease and 
antigens C or E, or with the ABO blood group system. 
There did, however, seem to be a correlation with the 
absence of antigen N (422, =9-59, P=8 x 10-4). 











Table 1 ; aa 
Rhesus type 
D+ D>: 
IR 
JEG 1,071 


Articular disease 71 
Normals (New York City) aog 


xv) = 10:12, P = e FS x 10°, 
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Changes in the Concentration of Potassium 
in the Erythrocytes and in Hemoglobin Type 
in Merino Sheep under a Severe Anzmic 
Stress 

Mosr breeds of sheep are polymorphic with respect 
to the concentration of potassium in their erythrocytes 
(70-90 m.equiv. K+ (HK) or 10-20 m.equiv. K+ (LK) 
per litre of red cells') and hæmoglobin type (Hb A, B or 
AB*). High concentrations of K+ (approximately 110 
m.equiv./I.), which fall to normal adult levels 60-100 days 
after birth, are found in the erythrocytes of all fatal 
lambs*. In the erythrocytes of normal adult sheep the 
mean concentration of potassium remains relatively 
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M 30 
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Fig. 1. The mean concentrations of potassium (mequiv,/l. of cells) 

from the total erythrocyte population (@) and from the top 

(©) and bottom (x) layers of red cells separated by centrifugation, 
during an experimental anemia of a sheep 


constant over long periods‘, but during an anwmic episode 
in LK animals the concentration is markedly increased’. 

This rise in the concentration of K* has been investi- 
gated in 8 LK sheep rendered anemic by experimental 
loss of blood, and a significant correlation between the 
percentages of reticulocytes and the mean concentrations 
of K+ in erythrocytes has been obtained (r = 0-8, P < 0-001). 
As young erythrocytes from man have been shown to be 
concentrated in the top layers of a centrifuged column of 
red cells and to have a higher concentration of K+ than 
older cells*, the erythrocytes from the top and bottom 
fractions of a centrifuged column from LK sheep were 
separated before and during an experimental anzmia. 
- Reticulocyte counts and concentrations of potassium were 
determined on both fractions from nine EK sheep and a 
typical result for the changes in intracellular K* is shown 
in Fig. 1. 

‘There was a marked rise in the concentration of potas- 
sium in the top layer of cells during the course of the 
anemia, and this later also showed a very high percentage 
of reticulocytes as opposed to the bottom layer in which 
K+ did not show a similar rise and reticulocyte counts 
were negative throughout, 

The rise in the mean concentration of potassium in 
erythrocytes during an anemic episode would therefore 





Scan patterns of hemoglobin electrophoretograms of un- 


| Fig. 2. 
separated cells (above, hemoglobin type A; below, hemoglobin type B} 





(non-anemic control periodi eere- "anemie. period. 20. 6. kad 
and separated top celis ( ~~- -~ ) from sheep with ha moglobin type. A. 


and type B 


by Bodian’s metho 
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lation and the top ¢ 


A hemoglobin, distinct from the normal adult type and 
associated with immature red cells, has been suggested in 
the rabbit’? and ratë. ae a oe 
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HISTOCHEMISTRY 


Alkaline Phosphatases in Brain and Spinal 
Cord 


Tuere has been much controversy as to whether 
alkaline phosphatase is a single enzyme or whether a 
number of such enzymes are present in tissues. The 
evidence derived from inhibition and pH studies suggests 


the existence of a plurality of alkaline phosphatases! =". — 


flick 








The subject has been studied histochemically by í 
and Fischer’, Dempsey’, Friedenwald and Maen; 
Davies? and Bourne’. 
suggest a multiplicity of alkaline phosphatases. Sandler 
and Bourne® separated out a number of substrate specific 
phosphatases by starch-gel electrophoresis, thus again 
indicating the plurality of alkaline phosphatase. 

In the present study, fresh frozen sections of spinal cord 
(15u) and ‘cerebral cortex (10u) of rat were examined by 
the methods of Burstone’ and Gomori! for alkaline 
phosphatase, the period of incubation being 2 and 3 h, 
respectively. The control tests were performed by boiling 
the sections before incubation and also by incubating 
without the substrate. Paraffin sections (10u) have also 
been stained by silver nitrate’! to demonstrate the nerve 
endings in the spinal cord. 

With Burstone’s method the neurones of the spinal cord 
were negative even after prolonged incubation (Fig. 1). 
Although the cells and their processes were negative, the 
synaptic regions, both on the cell surface (Fig. 1) and on 
the cell processes, showed a positive reaction in the form 
of granular deposits. Th 








~The distribution of such reactions 
to the distribution of endings found 

1, The blood vessels and the pia- 
ve reaction. | 
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All preparations are of fresh frozen sections 


Fig. 1. Alkaline phosphatase reaction (ref. 9). 


although the cell itself is negative (x 750) 
Fig. 2. Alkaline phoipimitaas reaction (ref. 9). 


cortex, Note pos 
the positive knob-like synaptic areas (K )¢x 750) 
Fig. 3. Alkaline phos 


Fig. 4. Alkaline phosphatase reaction (ref. 10). 
reaction is 


i the cytoplasm (x 750) 
Fig. 5. 


in the nucleus (N) (x 750) 
Fig. 6. Alkaline phosphatase reaction (ref. 10). 


shows & mild reaction. 


stone’s method gave a similar picture in the cerebral 

he nerve cells were almost completely negative. 
In spite of the absence of reaction from the colls, tho 
synaptic regions always exhibited a positive reaction of 
moderate intensity, both around the cells and along the 
fibres (Figs. 2 and 3). Tho latter picture was most con- 
spicuous in the plexiform layer of the cortex (Figs. 2 and 
3). The pattern of reaction in such regions was either in 
the form of fine beads or larger knobs around the cells and 
along their processes. 

A markedly different picture was observed with 
Gomori’s method in the spinal cord. The nucleolus of each 
neurone always gave an intensely positive reaction; 
however, the nucleus and cytoplasm varied in different 
neurones from a faint diffuse reaction to a moderately 
strong one (Figs. 4and'5). The processes of the neurones 


st | 
show ve reaction. A reaction was demonstrated 
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Neurone of the spinal cord. Note 
positive reaction in the synaptic regions (S) on the surface of the cell and around, 


The plexiform layer of the cerebral 
ive reaction in the cell processes and synaptic regions (8). Note 


fase reaction (ref. 9), Plexiform layer of the cerebral cortex. 
Note positive reaction in the synaptic region (arrow) (x 75) 

Neerone of the spinal cord, Note 
most intense in the nucleolus (7), less in the nucleus (N) and still leas in 


Alkaline phosphatase reaction (ref. 10}. Neurone of the spinal cord. Note 
intense reaction in nucleolus (2), mild reaction in the cytoplasm and almost negative 


Grey matter of spinal cord. Note 
positive reaction in the nerves (P) and their synaptic regions (S) (x 750) 
Fig. 7. Alkaline phosphatase reaction (ref. 10). Neurone of the cerebral cortex. Note 
the two rounded positive bodies (nd) inside the nucleolus. Note also positive reaction 
on the cell surface probably indicating sites of aynaptic areas (5). The nucle 
The blood vessels (B) also show a strong reaction (x 750) 

ig. 8. ine phosphatase reaction (ref. 10). Plexiform layer of the cerebral cortex, 
Note positive reaction in the knob-like synaptic areas (arrows) in that region (x 750) 


ar wall (N) 
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also in the nerve processes. forming a plexi- 
form arrangement around the neurones, in 
the synaptic regions between one neurone and 
the processes of another and between 
the processes of different neurones (Fig. 6). 
This was also evident in paraffin sections 
of the spinal cord. Some neurones showed 
patches of intensely positive reaction in 
their cytoplasm, which may indicate the 
presence of the enzyme in lipofuscin pig- 
ments. | 

In the cerebral cortex the enzyme was 
located by Gomori’s method in the nucleolus, 
nucleus and cytoplasm of the cells. The 
reaction was most intense in the nucleolus in 
the form of fine granules distributed un- 
evenly. It was interesting to note the 
presence of round positive bodies, which 








always exhibited a stronger reaction than 
the rest of the nucleolus (Fig. 7). The 
nucleus and cytoplasm showed positive 
reactions of varying intensity. The cell 
processes also showed a positive reaction 
which was finely granular and mainly located 
near the synaptic regions around the cells, 
and also along the fibres. The presence of a 
positive reaction in such regions was more 
marked in the plexiform layer of the cortex, 
which exhibited knob-like, positive bodies 
distributed unevenly (Fig. 8). Apart from 
the neurones, the blood vessels and the pia- 
arachnoid also showed a strong reaction as 
in the spinal cord. : 

A histochemical study of the enzymes in 
different parts of the central nervous system 


and Bourne*?, 


suggested that the possible role of phos- 
phatases in synaptic transmission should be 
considered. The localization of this enzyme 
in the wall of the blood vessels and at the 
synaptic regions may be perhaps reconciled 
by the suggestion that this enzyme may be 
related to the alteration of permeability 
and supply of free energy. Bourne also 
noticed increased hydrolytic activity in 
senescent cells, 

The work recorded here suggests that at 


the Burstone reaction for alkaline phos- 
phatase demonstrates a different enzyme 
from that shown by Gomori’s technique. 
This is supported by the starch-gel observa- 
tions of Sandler and Bourne’. 

This work was supported by grant NB- 
01914 of the U.S. National Institute of 
Neurological Diseases and Blindness. 
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varied in number, in the nucleolus, and these” 


was carried out by Bourne’? and by, Tewari” 
Bourne’, using Gomori’s ' 
method for alkaline phosphatase in the brain, < 


least in the spinal cord and cerebral cortex . 



























hydrogen transfer from choline. 


ans are eA 


"Histochemical Localization of Choline Oxidase 
in Rat Liver and Kidney 


Rar liver is capable of oxidizing hydrolysed acetyl- 
choline!. It was shown to be due to oxidation of choline, 
and betaine aldehyde is the oxidation product*. The 
oxidase system involved was found to consist of a dehydro- 

genase, choline dehydrogenase, cytochrome C and cyto- 


œ chrome oxidase*. Though this enzyme system does not 
need diphosphopyridine nucleotide (DPN), yet it is 


sensitive to the action of amytal‘. This oxidase system 
is also sensitive to antimycin A, cyanide and azide, but 
to a much lesser extent than that of succinic oxidase 
system®. These findings indicate that a respiratory chain 
identical to that of suecinic oxidase may be involved in the 
According to some 
authors, flavin adenine dinucleotide (FAD) may be in- 
volved in this reaction®, but by others it plays no part at 
Choline oxidase activity was studied biochemically 
using different hydrogen acceptors as ferricyanide, methyl- 
ene blue, cytochrome C, 2,6-dichlorophenol indophenol® 
and triphenyl tetrazolium bromide®. But phenazine 


., methosulphate was found to be the only reliable hydrogen 


acceptor for purified choline dehydrogenase’. This oxidase 
may play an important part in the transfer of labile methyl 
group to methionine’. 

Young and adult rats, 5 guinea pigs, two rabbits and 
one cat, were bled after light ether anesthesia. Tissues 
were immediately frozen in liquid nitrogen and were 
carried to the eryotome. Some biopsy material of human 
skin and cirrhotic human liver were also examined. These 
unfixed tissues were sectioned in a cryostat-microtome at 
8-10. The sections were collected on coverslips and dried 


“in air for 10 min. Air-dried sections were put directly 


-into the incubation medium. The incubation medium 
is composed of 3-5 mg of choline chloride (about 0-005 M), 


“Img of nitroblue tetrazolium (‘Nitro BT Grade III’ of 


” Sigma) dissolved in 5 ml. of 0-05 M phosphate buffer at 
|. pH 6-9. Incubation time varied from 30 min to l h. 
After incubation, sections were treated with neutral formol 
for 10 min, then washed with distilled water and ‘mounted 
in Apathy’s syrup. In some cases incubated sections were 
quickly dehydrated and were mounted in Canada balsam. 
Control reaction was carried out without choline chloride 
in the incubation medium. 

Among rat tissues, only liver and kidney showed an 
activity, while cerebellum, sub-maxillary salivary gland, 


_ thyroid, spleen and adrenal gland showed no activity at 


all. Rat pancreas was coloured only feebly. Guinea pig 
liver, as excepted', was totally devoid of choline oxidase 
activity. Neither cat liver nor rabbit liver showed 
‘any appreciable activity. Unaffected parenchyma of 
human liver could scarcely show any activity. Human 
skin was entirely negative to this reaction. Rat liver 
showed a more intense activity in the parenchymal cells 
of the perilobular region and in the parenchymal cells 





Fig. 1 * 


Choline oxidase activity 
perilok ular region 


ein rat liver. Activity is intense in 





pi 


Fig. 2. Activity is 


Activity of choline oxidase in rat kidney cortex. 
present in the proximal and distal convoluted tubules 


around the blood vessels, while the cells of the centro- 
lobular region show moderate activity (Fig. 1). This 
activity is revealed by the deposition of violet granules 
of formazan. But this deposit turns blue when the section 
is dehydrated. In rat kidney only the cortical portion 
shows a positive reaction. In the cortex, proximal and 
distal convoluted tubules are positive to the choline 
oxidase activity, while glomeruli and loops of Henle are 
entirely negative (Fig. 2). Medullary rays passing through 
the cortex are entirely negative. Collecting tubules are 
devoid of this activity. The reaction is usually more 
intense in the basal part of the tubular cells than that 
in the apical part. This is probably due to larger con- 
centration of mitochondria in the basal part. of these cells. 
Walls of the blood vessels are devoid of any activity.» 

Both chloride and hydrochloride forms of choline can 
serve as substrate in this reaction. When acetylcholine 
or butyrylcholine was substituted for choline in the in- 
cubation medium, no reaction could be obtained. But 
substitution by succinylcholine showed a feeble activity. 
This reaction may be due to quicker hydrolysis of succinyl- 
choline than that of acetyl- or butyryl-choline. 

Several experiments were done in order to dissociate 
the respiratory chain used by the choline oxidase system. 
Previously neutralized solution of potassium cyanide 
(0-004 M) was added to the incubation medium; but no 
appreciable diminution of choline oxidase activity was 
observed. Nor was cytochrome oxidase inhibited by 
potassium cyanide at that concentration. Sodium azide 
also did not inhibit the choline oxidase activity. Added 
cytochrome C (10-4 M) did not increase choline oxidase 
activitv. These results, however, are in agreement with 
biochemical findings’. Betaine chlorohydrate, at an equi- _ 
molar concentration of choline, completely inhibited | 
choline oxidase activity. It is considered that phenazine 
methosulphate is the only reliable hydrogen acceptor for 
purified choline dehydrogenase’. In an attempt to dis- 
sociate the respiratory chain, unfixed sections of tissues 
were left overnight in phosphate-buffered solution made 
isotonic with sucrose. No activity could be obtained in 
these pretreated sections. Since choline dehydrogenase 
is insoluble in water’, this inhibition may be due to dis- 
ruption of the respiratory chain. But addition of phenazine 
methosuiphate did not restore this activity. Some 
sections were fixed in absolute alcohol at —30° for a 
period ranging from 1 to 18 h. These sections were 
deprived of their usual choline oxidase activity; but the 
addition of phenazine methosulphate in the incubation 
medium did show an activity in alcohol-fixed sections 
of rat liver and kidney. It was found that cold alcohol 
renders choline dehydrogenase insoluble without destroy- 
ing its activity’®. It appears that this hydrogen transport 
through phenazine methosulphate in  alcohol-treated 
sections may be due to the dehydrogenase component 
alone of this oxidase system. Further tests are being 
carried out in order to ae out whether there is a roal 
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choline dehydrogenase from its respira- 
s3 fixed in acetone at —30° for a short 
line oxidase activity, while overnight 
destroyed it. Even phenazine metho- 
nceubation medium could not restore this 
finding, however, is in contradiction 
r histochemical finding of Chang and 
Hori” o found that choline dehydrogenase could be 
demonstrated after fixation in acetone in dry ice tempera- 
ture, in the presence of phenazine methosulphate. 
Highest activity was obtained between pH 6-8 and 7-4. 
At pH 6-0 choline oxidase activity is totally absent, while 
at pH 7-9 this activity still persists. Only phosphate 
buffer was found to give a satisfactory result. Triethanol- 
amine buffer totally inhibits this reaction. A comparison 
was made with succinic oxidase activity. Though both 
succinic and choline oxidase activity were found to be 
variable yet the reaction of choline oxidase is approx- 
imately half as intense as that of succinic oxidase. When 
choline and succinate are added together in the incubation 
medium, often an additive effect is observed which may 
indicate the absence of competition between succinic and 
choline dehydrogenase for the respiratory chain. 
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HISTOLOGY 


Isolation of Nuclei from Avian Erythrocytes 
E by Partial Electrocytolysis 
. INVESTIGATION into the presence of hæmoglobin and its 


lectrocytolytic process, as with any 

he boundary surface of the nucleus 

nsequently it is important to be able 

mt of nuclear protein loss. The nuclear 

ly identifiable, and this protein therefore 
le means of making such assessment. 

od involves the controlled electrolytic break- 








of “the cell wall, the electrophoretic removal of 


lasmic debris and the ultimate isolation of the 





lis are suspended in a fluid medium or in an agar ` 
zol has advantages in the control of partial 
e the sample is small. The latter 
8 the necessity for a restriction of 
nat colls remain localized. for 
methods may be combined 
rvation. It has been found 
m the reaction space using a 
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method (b) yields 
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cells are suspended in a fluid medium a coverslip over the 


space restricts the sometimes rapid fluid depletion due to 


electrolytic diffusion and possible electro-osmosis.. A 
coverslip also facilitates microscopic observation and — 
allows the slide to be orientated at any required anglo so 
as to utilize, if desired, the different sedimentation rates of 
nuclei and cytoplasmic debris. The components of the 
cytoplasm and nucleus undergo electrophoresis and may 
be localized and detected in the gel ‘by suitable methods. 
In this particular case there is early diffusion of ey oplag- 
mic hæmoglobin into the gel. Later, if the. process. is 
carried far enough, nuclear cytolysis occurs and nuclear: 
hemoglobin is similarly liberated. The hemoglobin may 
be detected in the gel by its catalase reaction with 
o-dianisidine’, 











The field intensities used were 20-100 V/cm, the current 
5-70 m.amp. and the temperatures 18°-20° C. 
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Cells + free nuclei (per cent) 


40 


t9 25 35 
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Fig. 1. No. of whole cells (that is, cell wall intact) and free nuclei 
expressed as a percentage of the total (whole cells + free nuclei) in 


relation to the time of electrolysis, Control suspension of eelis shows 
no cytolysis; shaded region (percentage of whole cells} indicates dopro E 
of variation between experimen s: Stippled region (percentage of free 
nuclei) falls away as nuclei cytolyse. Arrows at pointe 10 min, 15 min, 
20 min, 35 min represent periods when the cells shown in Fig. 26,7, d,e 


were sampled. Medium: Pannett-Compton sucrose saline - uffered to 
pH 55 with Sorensen phosphate. Field intensity, 100 V/em: otrrent 
25 mamp; temperature, 18° C l : 


Fig. 1 summarizes a reaction in which the cells were 
suspended in a Pannett-Compton sucrose saline buffered: 
to pH 5-5 with Sorensen-phosphate. The curves express 
the percentage of whole cells (cell wall intact) and the 
percentage of free nuclei in the combined total (cells plus. 
free nuclei). Cell counts are made in two ways: (a) at 
intervals of time the reaction is stopped by breaking th 
circuit, electrophoretic movement allowed to cease and 
counts made in a succession of microscopic fields along the 
centre line of the reaction space ( x 40 Cooke-A.E.I. long 
working distance semireflecting objective and green filter) ; 
(6) at similar intervals the reaction is stopped, the slide 
taken from the apparatus, coverslip removed and the — 
whole gol treated with formol—acetie alcohol vapour. When 
the circuit is broken eleetrocytolysis.ceases. After drying 
the slide and removing the agar it is stained in Weigert’s _ 
hamatoxylin and light green. Cells and free nuclei are 
then counted In the same way. -As might be expected, | 
a higher perecéntago of free nuclei than. © 
method (a), but this does not al 
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electroeytolysis occurs in a gel. 
It is realized that both avian and amphibian erythro- 
cytes have particularly resistant and inactive nuclei that 
may lend themselves better than other cell nuclei to this 
process. In accordance with original intention, the tech- 
nique is being extended to the primitive blood island 
erythroblast, and to disaggregated embryonic liver cells. 
It has been found possible to obtain free nuclei from 
trypsin and versene dissociated chick liver cells. Whether 
nuclei isolated in this manner are morphologically intact 
when viewed with the electron microscope, or, what is 
more important, whether they retain their metabolic 
activity and potential, is yet to be determined. 
B. R. A. OBREN 
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Orthogonal Diameters in the Analysis of 


ia Muscle Fibre Size and Form 
DISTRIBUTIONAL changes in sizes of fibres have been 
correlated with pathological processes affecting muscle, 
a Micrometry of muscle fibres in histological cross-section, 
f 3 į e for example, has been frequently used to follow the course 
sR EF Sa E. of denervation atrophy'. Unfortunately, the complex 


polygonal form of the fibre and the lack of a standard 
technique of measurement make it difficult to compare 


TEPER amii the results of different studies?. 
Fig, 2. Avian erythrocytes during partial electrocytolysis stained in $ ‘ l 
Weigert’s hematoxylin and light green. Cells suspended in Pannett- A single arbitrarily selected diameter has been used by 


Compton sncrose saline buffered to pH 5-5. Shaded a on left- most investigators. The precise method of measurement 
hand side indicate the distribution of the light green cytoplasmic stain, x . ; 

a, Erythrocytes at O min; b, 10 min; e, 15 min; d, 20 min; e, 35 min, has rarely been specified, however, and the data give no 

Field intensity, 100 V/cm; current, 25 m.amp.; temperature, 18°C. information on the configuration of the fibres. Cross- 

Zeiss photomicroscope, magnification on film (x 224) sectional fibre areas have occasionally been estimated’, 

but planimetric measurements are too cumbersome for 

"a a’? He routine use and the method ignores variations in fibre 
we, Ns 
A? 


form. Similarly, determinations of muscle weight* may 








~ 4 oF. be misleading and such data have no relevance to the 
a 7 ce ae examination of biopsy material. 
aN The analysis of size of muscle fibre is obviously difficult 
to test by ordinary line and area criteria. More reliable 
4 information might therefore be obtained through the use- 7 
x E - 
“ut a 
ar 
b watt 






Fig, 8. Cells suspended in 0-6 per cont agar gel made up with Pannett- 
Compton sucrose saline buffered to pH 6-5. Experimental conditions as 
in Fig. 2, @,15 min; 6, 35 min. Note the light green poene material 
, l in the gel while cell wall remains intac 






The arrows indicate points at which samples were taken 
and Fig. 2b-e demonstrates the morphology of the cells at 
corresponding times. The cytoplasmic distribution of 
-substances reacting with the light green stain is markedly 
altered. Fig. 2d poses the question whether the substance 
formerly reacting with the stain is present but no longer 
stained, or whether it:has left the cell. Fig. 3a represents 
the same stage in time as Fig. 2d when the reaction occurs 
.. in an agar gel. The extracellular material is stained by 
_.. the light green and is present at a stag 








ae Fig. 1. Camera lucida tracing of transversely sectioned rat gastro- 
l e prior to the - guemius musele, fibres ( x 3 200). Definition of major and minor axis 
breakdown of the cell all m all but oe KEY fow cells, Broken line is drawn to demonstrate the irregular ellipse that can be 
indicating a passage of cytoplasmic substance through the proscribed around the polygonal muscle fibre | 
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no change in the cross-sectional form of 
the fibre Micrometry was performed at a 
magnification of 400 usmg a binocular 
mucroscope equipped with @ calibrated eye- 
piece graticule Areas contammg properly 
oriented cross-sections of muscle fibres m 
groups of 200 or more were selected from 
each section Obliquely oriented fibres 
and the edges of sections were avoided 


10 30 50 # 10 $0 27 ir Major and mmor axes were measured m 

each of 150 fibres Measurements were 

80 c} d) made in consecutive fibres by traversing 
| mere operdted BO, =e e--e- operated the histological sections horizontally and 





— non-operated 





10 30 


10 30 


SO # 


ig 2 Size-frequency a of major and minor axes following denervation 


z = 150 fibre measurements) 


a, Normal non-operated rat (body-weight 120 g), b, one week after resection of right 
bimodal distribution persists on the operated side, but major and 
minor axes show distet shift fo the left, c, four weeks operated side now shows 
unimodal distribution of fibre diameters , d, ten weeks following denervation recovery 
18 confirmed by the return of a Punec distribution of fibre diameters (body-weight 


sciatic nerve 


50 g) 


of size metameters (for example, largest diameter, dia- 
meter ın a given direction, circumference, ete ) and form 
metameters (ratio of maximum to mmimum diameter, 
ratio of circumference to area, ratio of outside to side 
circle radu, ete )' After testmg a number of possible 
measurements, ıt was found that two orthogonal diameters 
ım the muscle fibre gave a reliable index of changing fibre 
size and shape 

The polygonal form of the muscle fibre can be inscribed 
withm a closed oval resembling an ellipse. The area of 
this form 1s proportional to 1ts major and mimor axes 
For purposes of measurement, the major axis 1s defined as 
the diagonal connecting the most distant angular pomts 
un. the cross-section of the fibre The longest perpendicular 
offset from this major axis to the remaming angular pomts 
constitutes the minor axis (Fig 1) The biaxial diameter 
ratio 18 the ratio of the major axis to the minor axis. 
Adequate sampling of such measurements from a grven 
muscle should provide a reliable indication of the average 
large and small diameters (major and mimor axes), the 
size-frequency distribution of these diameters, and the 
average cross-sectional form of the fibres 

This method was evaluated in gastrocnemius muscles 
of rats that had been subjected to 5-mm resections of the 
right sciatic nerve 1 day—6 months prior to death Identi- 
cal muscle from the unoperated lamb and from non- 
operated rats, matched for age, sex and weight, served as 
controls Muscle samples with a maxmmum thickness of 
5 mm were briefly air dried on filter paper, fixed ın Boun’s 
fixative, and embedded m paraffin with fibres oriented for 
longitudinal or transverse sections Paraffin sections were 
prepared with a Spencer rotary microtome set at a section 
thickness of 4p An adjacent muscle sample was 
quenched ın 2-methylbutane (isopentane) cooled with dry 
ice Comparison of unfixed cryostat sections with para- 
ffin sections showed a shrinkage of 10 per cent in the latter. 
This reduction m size meident to fixation and embedding 
was umform throughout the muscle bundle and there was 


Table 1 EFFECT OF DENERVATION ON ORTHOGONAL DIAMETERS AND 
BIAXIAL DIAMETER RATIO OF RAT GASTROONEMIUS MUSCLE 


Time after Major axis Minor axis Biaxial 
nerve resection diameter* diameter® diameter 
(weeks) (u) (u) ratio 
0 (control) 38 6 + 089 28 3 +069 136 
1 22 3 +048 171 4 04i 130 
4 141 +40 82 123 + 072 114 
10 417 4.148 27 6 + 134 151 


* Values expressed as mean + standard error of the mean 


non-operated 





50 


vertically with a graduated mechanical 
stage to ensure uniform sampling 

The size-frequency distribution of the 
normal muscle 1s shown m Fig 2a The 
ellipsoid character of the muscle fibre 1s 
reflected im the bimodal distribution of 
major and minor axis diameters and the 
biaxial diameter ratio, which 1s greater 
than one (Table 1) 

Throughout the early phases of atrophy 
(Fig 2b) the diameters were smaller than 
normal but a bimodal distribution per- 
sisted and the biaxial diameter ratio re- 
maimed greater than 1, confirming the 
observation that no significant alteration in 
cross-sectional form of the fibre had oceurred Durmg 
the state of maximum atrophy (4-7 weeks, Fig 2c) the 
diameters were sharply reduced, the size-frequency 
distribution was narrowly unimodal, and the biaxial 
diameter ratio (close to unity) correlated with the 
tendency of the maximally atrophied fibre to assume 
a rounded form (Table 1) The phase of recovery (Fig 
2d) was marked by the reappearance of a bimodal distri- 
bution of fibre diameters and a progressive mcrease im 
the biaxial diameter ratio 

The method of orthogonal diameter measurement can 
therefore be recommended for the sizing of muscle fibres 
It gives more relable data on the size-frequency distri- 
bution of fibre diameters and the cross-sectional form of 
the fibre can be accurately expressed by the biaxial 
diameter ratio (ratio of major to mmor axis) The method 
is particularly suitable for the mvestigation of changes n 
distribution of fibre sizes and variations in fibre form. 

This work was supported by U S -Public Health Service 
research grant NB 03236 from the National Institute of 
Neurological Diseases and Blmdness 
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RADIOBIOLOGY 


Bone-marrow Mitotic Inhibition induced 
by Local Splenic X-irradiation 


AN imcreasing number of clmical and experimental 
observations suggests that the spleen releases after 
wradiation an inhibitor of mitosis acting on remote organs 
and particularly on bone-marrow, but no clear evidence of 
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this hypothetical factor has yet been given!~* In order 
to vestigate the mechanism of this distant radiological 
effect, a selective splenic irradiation was carried out on 
lead-shielded rabbits, and certam hematological conse- 
quences of this procedure were studied m the blood and 
bone-marrow Furthermore, the isolation of an anti- 
muitotie factor from the irradiated spleen was attempted 

The prelumimary expermments performed on 8 pure-strain 
rabbits show that 48-66 h after 300 r of X-rays (dose 
rate 113 r/mm, distance 30 cm, 180 kV, 15 mamp, 
filtration by 0 5mm copper and 2 0 mm alumimium) given 
exclusively to the surgically exteriorized spleen, the 
reticulocyte blood-level drops from a mean. value of 27 5 
per thousand (+ 371= SD ,S#, 03) to a mean value 
of 113 per thousand (+275 =SD,SEH,05) Ths 
reticulocytopenia lasting 24—36 h points to a temporary 
inhibition of the erythropoiesis , this 1s confirmed by the 
fact that a decrease can be observed in bone-marrow 
activity 20 h after the splenic irradiation The post- 
irradiation mitotic index measured by a stathmokmetic 
method was found to be 45 per cent lower than the pre- 
irradiation mutotic value 

A second series of 8 previously splenectomized rabbits 
was irradiated with the same X-ray dose on the ‘splenic 
area’ (that ıs, stomach and pancreas) These anumals did 
not show any fall m reticulocyte-level or bone-marrow 
mitotic index This findmg suggests that the transient 
erythropoietic mhibition occurring m the former expert- 
ments 18 not a consequence of some direct radio-lesion of 
the bone-marrow, but results from the splenic irradiation 

A third set of experrments was undertaken to determine 
at what time after radiation the spleen releases 1ts 
hypothetical antimitotic factor For this purpose 12 
rabbits were splenectomized at different mtervals after 
irradiation of this organ and tested for erythropoietic 
changes It was demonstrated that only the animals 
the spleens of which were left m place at least 2 h after 
irradiation showed the typical erythropoietic mhibition, 
while earlher splenectomy prevented the development of 
this antimitotic effect 

The object of the last expermmental step was the isola- 
tion of an antimitotic factor from the irradiated spleen 
For this purpose, 12 rabbits were used, 6 as irradiated 
donors and 6 as test recipients As the previous results 
suggested that the antimitotic factor 1s released between 
2 and 3 h after splenic irradiation, we attempted to con- 
centrate this factor in the organ In each of the donors, 
the splenic vems were clamped 2h after the 300 r. exposure, 
and 1 h later the blood of the congested spleen was 
collected with heparm After centrifugation the plasma 
was injected into a normal rabbit and mduced in this 
unirradiated recipient the same erythropoietic depression 
previously described for the irradiated anrmals (bone- 
marrow mitotic depression and reticulocytopenia) This 
finding was reproduced fully ın 6 experrments On the 
other hand, blood, collected from non-irradiated but 
similarly operated spleens, was shown to be devoid of any 
antimitotic activity Ths fact emphasizes the essential 
role of the splenic radiolesion in the pı oduction of the bone- 
marrow depressmg factor The chemical nature of this 
remarkable agent 1s at present under mvestigation 

This work was supported by research grant No 2660 
oa the Fonds National Suisse de la Recherche Scienti- 

que 
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Establishment and Stability of Chimerism 
between Two Closely Related Lines of 
Mice 

THE Medical Research Council Radiobiology Umit at 
Harwell recently developed a stram of CBA mice contam- 
ing the T6 marker chromosomes** They kindly sent a 
breeding unit to the Chester Beatty Research Institute 
This communication concerns a short series of experuments 
involving descendants of these (CBA /T7'67'6) mice and the 
Chester Beatty CBA The purpose of the experiments 
was, first, to define the immunological relationship 
between the strains , secondly, to describe the conditions 
under which chimerism could be established between 
them, thirdly, to mvestigate the extent and stability of 
this chimeric state 

Skin grafteng Skin grafts were exchanged between 
male CBA/T67'6 and CBA muice followimg the method of 
Bilmgham and Medawar? In addition, skm isografts 
were made to both strams of mice No intra-stram 
graft was rejected The mean survival times of the 
inter-strain grafts are shown in Table 1 ‘The fact that 
rejection of interstram grafts between CBA and CBA /T'67'6 
occurred in all cases proves that the two straims ae 
genetically different but, as the rejection times were 
significantly (P = 0001) prolonged m relation to homo- 
graft rejection times involving a known H-2 difference, it 
can be assumed that the Chester Beatty CBA and 
CBA/T6T6 do not differ at the H-2 locus The sumiarity 
between the survival times of Ak and CBA/T676 skm 
grafts on CBA muce confirms this It should be noted 
that Harwell CBA mice do not reject CBA/T676 skin 
grafts‘ 


Table 1 MEAN MEDIAN SURVIVAL TIMES IN Days oF SKIN GRAFTS 
EXOHANGED BETWEEN VARIOUS STRAINS OF MICH 


Mean median + SD* 


Donor H-2 Host H-2 survival time 
CBA k CBA/T67'6 ? 927449 
CBA/T6T6 9 CBA k 233 423 
Ak E CBA k 217425 
C57 B1 b OBA Á 1557 4-13 


*n>> 10 ın each case 


Ingection of new-born mice 10 x 10° CBA/T'6TE adult 
spleen cells were myected mtravenously into new-born 
CBA mice All myjected mice survived and their body- 
weight growth curves resembled those of CBA muce 
myected with 10 x 10° CBA spleen cells No spleno- 
megaly was observed The CBA muice myjected with 
CBA /T6176 spleen cells proved to be tolerant of CBA /T'67'6 
skin grafts when tested sıx weeks after the myection. 
Cytological testa, however, failed to reveal any CBA /T6T6 
cells in the spleen, bone marrow or thymuses of the tolerant 
mice A total of 250 arrested metaphases were examined 
in four mice 

These experiments emphasize the ease with which 
tolerance between the two strams can be acquired and 
show that graft-versus-host reactions between the strains, 
if they occur, are very limited m ther effects 

Radiation Chimeras Groups of thirty CBA mice were 
wradiated with 300, 500 or 700r and then injected intra- 
venously with 10 x 10° cells of CBA/T6T6 bone marrow 
Thirty and fifty days later four mice were killed in each 
group and cells from the bone marrow, spleen and thymus 
were subjected to cytological analysis following the method 
of Fox and Zeiss The results of this analysis are given 
in Table 2 


Table 2 NUMBERS OF Host AND DONOR CELLS SOORED BY CYTOLOGICAL 
ANALYSIS IN VARIOUS GROUPS OF CBA/7T676—~»CBA CHILERAS 


Thirty days Fifty days 
Bone Bone 


marrow Spleen Thymus marrow Spleen Thymus 
Dose Host Donor Host Donor Host Donor Host Donor Host Donor Host Donor 


300 42 42 2 4 7 31 12 19 6 8 Ht 3 
500 3 67 0 1 8 131 0 8 0 3 0 6 
700 0 45 Q 41 0 40 0 8 0 1 0 14 
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After 300r no mice were found which did not have some 
dividing host cells at both thirty and fifty days, generally 
there was a preponderance of donor cells After 500r 
three mice out of four at thirty days and none out of four 
at fifty days showed any host cells In no animal did these 
host cells account for more than 5 per cent of the total 
pee of cells observed. No host cells were seen after 
700 r 

In a second experiment 850r was thé radiation dose of 
choice again to CBA mice, but in this case the number of 
CBA/T6T6 bone marrow cells jected therapeutically 
was varied Cytological analysis was carried out on four 
mice from each experimental group 30, 50 and 100 days 
later. The results are shown ın Table 3 All the cells 
scored except three turned out to be donor cells , a total of 
about fifteen hundred cells m thirty-six mice Two of the 
host cells were found fifty days after irradiation m animals 
which had been injected with 5 x 10° cells The remam- 
ing cell was found 100 days after irradiation in the same 
expermental group 
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Table 3 NUMBER OF CFLLS SUBJECTED TO CYTOLOGICAL ANALYSIS IN 
Various GROUPS OF CBA/T6T6—-CBA CHIMERAS 


No of Thirty days Fifty days One hundred dave 
celis Bone Spleen Thymus Bone Spleen Thymus Bone Spleen Thymus 
myected marrow Marrow marrow 


5 x 10° 77 75 80 11 6 34 39 25 96 
1 x 10° 92 80 178 16 5 0 37 21 54 
25 x 107 109 117 20 35 5 0 21 9 


It had been hoped at the beginning of these experments 
that the two strains of mice involved would prove syn- 
genere with respect to skin transplants This would have 
facilitated a study of chimerism m as near syngeneic a 
strain combination as 1s compatible with the presence of a 
chromosome marker 

It 18 particularly important to be sure that syngeneic 
chimeras are, m fact, functionally chimeric with very few 
or no host cells contributmg to hematopoiesis , otherwise 
the use of radiation animals as tests for viability of, say, 
frozen cells! is fraught with interpretative difficulty For- 
tunately, Ford and Micklem‘ recently found that four 
syngeneic chimeras out of 16 showed some host cells but 
that m no case did these cells account for more than 5 
per cent of the dividing cells discovered In the present 
work few host cells were found and altogether it appears 
clear that minor genetic differences are probably of little 
umportance ın umpeding the establishment of chimerism 
after irradiation, and that muce irradiated and then 
injected with syngeneic or near syngeneic bone marrow 
cells are for practical purposes chimeric It 18, ın any 
event, ımpossıble to deny that host cells may be present , 
it 18 only possible to be sure that they do not divide with 
appreciable frequency and therefore probably do not make 
a significant contribution to hematopolesis 

We thank Prof P C Koller of the Chester Beatty 
Research Institute for his advice and encouragement 
This work was suppoited by grants to the Chester Beatty 
Research Institute (Institute of Cancer Research - Royal 
Cancer Hospital) from the Medical Research Council, the 
British Empire Cancer Campaign, the Anna Fuller Fund, 
the National Cancer Institute of the National Institutes 
of Health, US Pubhe Health Service, and the Inter- 
national Atomic Energy Agency (Contract No 103 1/08) 


A J. S. Daviss 
SHermaA M A DOAK 
ELIZABETH LEUCHARS 


Chester Beatty Research Institute, 
Institute of Cancer Research, 
Royal Cancer Hospital, 
London, 5 W 3 
1 Dora M A, Tran, P T, and Smith, L H, J App Physiol , 15, 520 
e ana R E, and Medawar, P B,J Exp Biol, 28, 385 (1951) 
3 Carter, T C, Lyon, M F,and Phillps,] J S,J Genet, 53, 154 (1955) 


4 Ford, © E, and Micklem, M S , Lancet, 1, 359 (1963) 
5 Fox, M., and Zeiss, I , Nature, 191, 1213 (1961) 


NATURE 


1223 
BIOLOGY 


Anaerobic Life in a Tropical Crater Lake 


THERE are very few records of ammals other than 
Protozoa found hvmg m oxygen-free water for which there 
seems to be good evidence of prolonged and active 
anaerobic life? In many cases there ıs the possibility 
of periodic visits to oxygenated water and im others the 
oxygen demand 1s Jowered by the reduction or even com- 
plete cessation of activity Certam planktonic crustacea 
especially Cyclops spp and some msect larve and molluses 
have, however, been found lving actively ın the oxygen- 
free water and mud at the bottom of temperate eutrophic 
lakes durmg summer stratification, and the evidence for 
anzrobiosis lasting for a few months 1s convinemg. 

In the tropics the temperature régime 1s such that more 
or less permanent stratification and deoxygenation of lakes 
18 rather common, Lake Tanganyika being the supreme 
example There have beon, so far as I know, no records of 
planktomc animals from the anoxic lower water of such 
lakes and ın Lake Tanganyika they are reported to be 
completely absent? 

Ruttner*, who had much experience of lakes both m 
Europe and in the tropics of Java and Sumatra, expressed 
the opinion that, owing to the temperature which may be 
almost 20° C above that at the bottom of temperate lakes, 
the rate of metabolism in tropical lakes might be high 
enough to prohibit adaptation to low oxygen-levels. 

It 18, therefore, of interest to record some observations 
on a small volcanic crater lake, L Nkugute, m Western 
Uganda which 1s about 1 000 m in diameter and 58 m deep 
and 1s very well protected from wind disturbance by the 
crater wall and surrounding hills These circumstances 
and, the tropical temperature régume ensure & permanent 
stratification, and from about 15m to the bottom the water 
1s out of circulation and devoid of oxygen, and the lake 1s 
consequently very unproductive 

By means of a vertically hauled closing plankton-net 
and later by pumpimg up and filtering 200-ltre samples, 
the copepod Thermocyclops schuurmanni, the rotifers 
Horaella brehmi and Keratella tropica, and a ciliate proto- 
zoan were taken as close to the bottom as it was possible 
to collect, that is to say with some 40 m of oxygen-free 
water above them, and where there was a constant 
temperature of 22° C 

T schuuimanni 18 particularly mterestmg because the 
adult egg-bearmg females were confined to the upper 
oxygenated water, where all stages of development were 
also to be found, but the lowest samples contamed only 
nauplius larve and young copepods 

The evidence therefore suggests that eggs are produced 
only in the upper oxygenated water and that some of them 
are shed and fall to the bottom where the first stages of 
development proceed in the absence of oxygen Whether 
the young copepods then return to the surface to mature 
and reproduce is not yet known Preliminary experments 
indicate that the adults cannot hve for more than a few 
hours without oxygen and one is led to the conclusion that 
the respiratory metabolism changes radically durmg 
development 

Redox potentials m the lowe: water and mud are con- 
siderably higher than most of those recorded for tem- 
porate eutrophic lakes at the height of summer stratifica- 
tion For example, Mortimer’ recorded zero potentials 
(En) just above the mud m Esthwaite Water in September 
The corresponding potential m Lake Nkugute was + 180 
to +220 mV Ths ıs perhaps not unexpected under 
conditions of permanent stratification where, ın the 
absence of an overturn, readily reducible substances would 
be more nearly exhausted and only small quantities would 
be available as particles descending from the unproductive 
surface water It would seem that lack of oxygen 1s less 
of a barner than a low redox potential usually associated 
with the accumulation of toxic substances such as hydro- 
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gen sulphide, which m the bottom water of Lake Nkugute 
was in extremely low concentration and only just detect- 
able by smell but which, from all accounts, 1s abundant 
below 150 m ın Lake Tanganyika (max depth, 1,400 m) 

The activities of organisms such as Thermocyclops 
schuurmanne would cause at least a small chemical curcu- 
lation between upper and lower water under conditions of 
stable stratification 

Further observations and experrments are obviously 
needed, but prelammary work has shown @ simular situa- 
tion m Lake Bunyon (about 50 m deep), which is a 
narrow-flooded branching river valley blocked by a lava 
flow 

I thank Drs J P Hardmg and J D Green for identify- 
ing the copepod and rotifers 
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A Comparison of the Sensitivity to Storage at 
37° C in Tyrode Solution of immunologically 
Competent Cells and of Myeloid Cells 


Ly an earlier nvestigation!*, we have demonstrated that 
storage for 2 h at 37° C in Tyrode solution causes hæmo- 
poietic cells to lose a considerable part of their capacity 
to induce, through a graft reaction to the host, secondary 
syndromes in the irradiated allogenic recipient, whereas 
their capacity to restore myeloid tissue 1s not noticeably 
affected 

Two different explanations of this phenomenon are 
possible- (a) either the rmmunologically competent cells 
are more sensitive to this type of storage than the 
immature myeloid cells, (b) or the sensitivities of these 
two types of cells to this form of aggression are the same 
and the difference of the effects on the graft reaction to the 
host and the capacity to restore myeloid tissue 1s due to the 
fact that the relations of these two phenomena to the 
numbers of cells that cause them are regulated by different 
laws 

In order to test these two hypotheses 1t 1s necessary to 
carry out a quantitative determmation of the respective 
relations between the frequency of death from graft 
reaction to the host and the number of lymphoid cells on 
one hand and between the myeloid restoration and the 
number of myeloid cells on the other 

Then ıt will be possible to compare the effect of storage 
for 2 h at 37° C in Tyrode solution on the graft reaction to 
the host by the number of lymphoid cells affected, and 1ts 
effect on the myeloid restoration by the number of the 
myeloid cells affected 

Materral and methods (a) 240 F, mice of the strain 
DBA/2 x C;,B1/6, three months old, were exposed to 
whole-body irradiation with 500 rad (200 kV, 12 m amp, 
50 om distance, 0 5 alummium, 0 5 copper) Immediately 
after the radiation they received intravenous injections 
of 107 non-preserved (C;,B1/6 medullary cells The 
animals were divided non-selectively into 2 groups, A and 
B, of 120 animals each 

The mice of group A were divided over 6 sub-groups of 
20 animals each and these groups were grven intravenous 
mjections of non-preserved C,,B1/6 lymph-node cells, of 
4 x 107 cells, 25 x 107 cells, 107 cells, 5 x 10° cells, 106 
and 10° cells, respectively 

The mice of group B were also divided over 6 sub- 
groups of 20 animals each, which were treated mtra- 
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venously with 4 x 107,25 x 107, 10’, 6 x 10°, 10° and 
10° C;, Bl/6 lymph-node cells that had been stored for 
2 h at 37° in Tyrode solution Tho conditions of the 
storage were as follows a suspension of 2 x 105 cells/ 
mm? of Tyrode solution was prepared, 3-4 ml of this 
suspension was placed in glass tubes of 20 ml. and kept for 
2 h at 37° C in continuous rotation 

(b) 160 F, mice of stram DBA/2 x C;,Bl/6 were 
uradiated with a dose of 950 rads and divided at random 
over 2 sub-groups, A and B, of 80 animalseach Group 4 
was subdivided nto 4 groups of 20 animals treated mtra- 
venously with 10°, 10°, 104 and 10° fresh isogenic medullary 
cells, respectively 

Group B was also divided into 4 sub-groups of 20 animals 
each, which were treated intravenously with 10°, 105, 10¢ 
and 10? isogenic medullary cells, respectively, that had 
been stored for 2 h at 37° C under the conditions men- 
tioned here 

Lymphovd cells and graft reaction to the host The results 
obtained are listed in Table 1 Calculation by the probits 
method of the number of fresh lymph-node cells required 
to cause 50 per cent deaths by the graft reaction to the 
host gives a number of about 1,070,000 cells m group A 

This determination 1s impossible m group B, since the 
number of surviving animals m the most affected sub- 
group was 16 of 20; it 1s nevertheless certain that the 
number of preserved lymph-node cells required to bring 
about 50 per cent deaths 1s larger than the largest number 
of preserved lymph-node cells injected, which amounted 
to 40,000,000 


Table 1 Graft-to-host reaction provoked by fresh Cs, Blj6 lymph-node 

cells (group A) and by C,,Bl/6 lymph-node cells stored for 2 h at 37°C 

{group B)in F, (DBA/2 x Cy ,Bl/6) hosts irradiated with a dose of 500 rads 
and treated with 107 fresh C,;,81/6 medullary cells 


No of test Animals surviving after 


Group A animals the hundredth day 
4 x 10’ fresh lymph-node cells 20 0 
25 x 10° fresh lymph-node cells 20 0 
10? fresh lymph-node cells 20 4 
h x 10° fresh lymph-node cells 20 6 
10° fresh lymph-node cells 20 8 
10° fresh lymph-node cells 20 14 
Group B 
4 x 10’ preserved lymph-node cells 20 19 
25 x 10’ preserved lymph-node cells 20 20 
107 preserved lymph-node cells 20 16 
& x 10° preserved lymph-node cells 20 16 
10° preserved lymph-node cells 20 18 
10° preserved lymph-node cells 20 17 


Medullary cells and capacity to restore myeloid tissue The 
results of this are sted in Table 2 The criterion of the 
myeloid restoration was survival on the thirtieth day 
Calculation by the probits method of the number of 
medullary cells necessary to brmg about myeloid restora- 
tion in 50 per cent of the animals gave about 216,000 
(170,000 <HD,, <275,000 for P=0 05) for the fresh 1s0- 
genic medullary cells and approxmmately 214,000 (153,000 
< ED; < 298,000 for P=0 05) for the medullary cells that 
had been stored for 2 h at 37° C 


Table 2 Myeloid restoration by tsogenic medullary cells, either fresh 
(group A) or stored for 2 h at 37°C (group B) in F, (DBA/2 x C;,Bl/6) 
hosts Irradiated with a dose of 950 rads 


No of test Animals dead before 

Group 4 animals the thirtieth day 

10° fresh medullary cells 20 7 

10° fresh medullary cells 20 14 

10‘ fresh medullary cells 20 13 

10? fresh medullary cells 20 20 
Group B 

10° preserved medullary cells 20 7 

10° preserved medullary cells 20 13 

10 preserved medullary cells 20 17 

10° preserved medullary cells 20 18 


We may conclude that the results obtamed answer the 
question mvestigated (a) In a hsemopotetic graft, 
preservation for 2 h at 37° C ın Tyrode solution does not 
notably imfluence the number of cells required to bring 
about myeloid restoration in an irradiated recipient; m 
order to obtam the same biological result, namely, 50 
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: -Frontal Foramina and Tripodes of the 
ss Characin Crenuchus 


— Gury ‘has 








GE recently described a pair of foramina in the 
` frontal bones of Crenuchus spilurus Günther. Those 
foramina underlie the posterior margin of a pad of fatty 
_ tissue which covers the anterior part of the skull roof. 
Gery found by dissection that they contained structures 
which seemed to be connected to the brain. His specimens 
“were not well enough preserved for histological examina- 
tion. 
_ IT possess two well-preserved specimens of the same 
species. I have cut serial transverse and horizontal 
sections of their heads, and stained them with Mallory’s 
triple stain. Each frorital foramen is filled by a plug of 
tightly packed, tangled collagen fibres, penetrated by a 
: few small blood vessels (Fig. 1). The collagen fibres of the 
plug are continuous with those of the fatty pad, of the 
periosteum of the frontals, and of the interesting structure 
shown in Fig. 2. This structure lies posterior to the plug, 
within the cranial cavity. It includes blood vessels, 
collagen fibres, and a group of elongate vesicles, partially 
filled by a lightly staining homogenous substance. It is 
served by a substantial branch of the superior ophthalmic 
nerve. 
__ Lt seems probable that this isa sense organ. The vesicles 
_ (reminiscent. of ampulle of Lorenzini, though they have 
mo exte mal openings) and the innervation by the superior 
phtha 1erve suggest derivation from lateral line 
xxteroceptor, the stimuli to which it is 
) affect it through the collagenous 



























the tripodes of Crenuchus. He 
e not of the type found in other 
eut horizontal sections of the Weberian 
of my specimens of Crenuchus, and am 
athis. The anterior edges of the tripodes 
‘formed by bony lamelle which are fused to the 
entrum but not, apparently, to the more posterior 
arts of the tripodes. This structure is identical 
of the tripodes of Astyanax (typical of Chara- 
ei) and contrasts strongly with that of Carassius 

of Cyprincidei) which have been illustrated 

>. In Cyprinoidei there are no separate bony 


odes are attached to the centrum by 














| y tripodes can, however, be 
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Fig. i. Camera lucida drawing of part. of a transverse section. 6 


Crenuchus showing the frontal foramina, collagenous plugs and fatty pad. 
Lat. l, lateral Hne canal and pore; OY., 


olfactory tract , $ 


Epi., epidermis (damaged); 





Vesicle 
l O05 mm ad 


l of à horizontal section of l 


Fig. 2, Camera lucida drawing of part zontal 
Crenuchus showing a collagenous plug, the vesieulate structure 


with it, and the nerve. The top of the figure is lateral and the left anterior... 





| 1mm j 


Fig, 3. Camera lucida drawing of a horizontal section through the third _ 
centrum and tripodes of Crenuchus. The top of the figure is anterior, = 
Bone is shown black and cartilage is stippled 





The specimens described here were collected by the 
Cambridge Expedition to British Guiana, 1960, of which 
I was a member. | 

R. MoN. ALEXANDER 
Department of Zoology, 
University College of North Wales, 
Bangor. 
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of the temperatures re recorded i in ay ais acd the 
eat on the establishment of new growth and 
effects on the fertility of the soil. 
aker! recorded temperatures occurring in heather 
by means of “Thermocolours’, heat-sensitive 
and in later experiments®, organic compounds of 
c melting points. Her results show that the maxi- 
mperatures experienced in heather burning are of 
er of 840° C and that the temperatures most 
ly recorded are between 300° C and 500° C at 
und-level. It is suggested! that these temperatures 
maintained for periods of less than 2-5 min. 
a The time-temperature complex, that is, the time during 
- which fixed temperatures are maintained, is important 
oot o from three different aspects. The regeneration of new 
-. growth both from seedlings and from the base of the old 
stem depends on this. Jn addition, work in this 
laboratory has shown that the losses of nitrogen in smoke 
depend on the period for which temperatures are main- 
tained; and has demonstrated the varying solubility of 
nutrients in plant ash derived from heather leaves burnt 
under various temperature conditions. 
Whittaker suggested the use of thermocouples as an 
-ocuUs aeeurate method for the measurement of fire tempera- 
-oi tures. The major difficulty with this type of measurement 
as is the recording of data under field conditions with no 
= = source of electricity to power bulky recorders and ampli- 
| fying systems. Mervyn Instruments, Ltd., have 
eS forenily produced a portable transistorized recorder. This 
_ makes possible the recording of temperatures over any 
-given range with the appropriate thermocouples. 
<- Recordings were made over the range 0°~-1,000° C. The 
recording equipment consisted of 5 thermocouple units 
-<e gonnected to a manual switch, which in turn was connected 
-to the recording instrument. Each thermocouple unit was 
made up from 3 ft. ‘Insuglass Chromel Alumel’ connected 
-to compensating wire by copper points buried in the 
ground. The overall distance from the thermocouple 
point to the recorder was 40 ft. 
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The results presented here are the result of work carried 
out in April 1963 on fires in Glen Clova, Angus. Fig. 1 
shows the iyoe recording for heather of different ages, 
_. showing clearly the general increase.in temperature of fires 

< o with increase in age of vegetation. All the readings are for 
_. temperatures recorded in the leafy parts of the planta. 
-The maximum temperature recorded was 940° C and the 


















peratures | are higher than those recorded. by: 
“under similar. eonditions Ae: ‘tho conditior 
were “particularly wet, | 








average maximum from 35 fires was 670° C. ` Those tom- cooking water was. used, it was discovered that consider- 


as discarded with the soaking and . | 
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temperatures be exceeded when burning old 
heather. 

At temperatures above 400° C there are significant 
losses of nitrogen in smoke, and thus it is important to 


estimate the time for which temperatures more than 400°C 


may 


are maintained. Fig. 2 shows the average time for which 


temperatures more than 400° C are maintained in the fires 
studied and its dependence on the ago of the vegetation. 

Whittaker? has used similar time periods for the study of 
heat tolerance of heather seeds. 
firmed Whittaker’s predictions. 


J. B. KENWORTHY 
Department of Botany, 
University of St. Andrews. 


1 Whittaker, E., J. Ecol., 49, 709° (1961). 
* Whittaker, B., and Gimingham, ©. H., J. Ecol., BO, 815 (1062). 


A Mould Inhibitor in Soybeans 


SEEDS of Glycine max Merr. (soybean) contain several 
biologically active materials, including saponins and 
trypsin inhibitors'. However, in a recent review of the 


antimicrobial activity of vascular plants’, no mention is © 
made of the occurrence of antimicrobial compounds ino =o __ 


soybeans. We are reporting the presence of a factor(s) - 


that inhibits the mould growth of Rhizopus sp. (provision- - ol 
ally identified as R. oligosporus Saito), which is utilized — a 


in the fermentation of soybeans to make the Indonesian - 
food tempeh’. 

In making tempeh‘, soybeans are soaked in water for 
several hours, and then this water is discarded at the time 
the soybean hulls are removed. The dehulled beans are 
then boiled for 30 min in sufficient fresh water to cover the 
beans during the entire boiling process. This boiled water 
extract is discarded prior to inoculation and fermentation 
with Rhizopus. Under the fermentation conditions, the. 
mould grows rapidly and in less than 24 h completely 
covers the soybeans. The soybeans are held together by | 
the hyphe of the mould and little sporulation occurs except _ 
at the edges of the moulded soybean mass if the fermenta- — 
tion is done in Petri dishes. In our investigations of- 
tempeh, we found that an excellent product could be © 
produced by using full-fat soybean grits. n 
the foregoing procedure of discarding the soaking and > 








ample, 1,200 g of dry, full-fat — 
placec an | beakers. covered with tap — 








These results have con- a 
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owed to take up water, washed in 1,000 ml. 
gain covered with tap water and boiled for 
aed. After these uninoculated grits were 
ied mass weighed 845 g, a loss of 355 g. 
ght was due to the presence of small 
‘icles as well as dissolved material in the 
processing loss, we modified the procedure 
h, by two methods: the first method 
king water and then add sufficient 
ns could be boiled for 30 min. At 
ractically all the water had evapor- 
fbeans moist and sterile. The second 
ak the beans in sufficient water so that 
oroughly moistened but practically no 
These moist grits were then steamed 
lization. In each method, no water was 
er to reduce the processing loss. When 
repared for fermentation by either of the 
ve the product was quite inferior to normal 
peh. For example, the following experiment was 
al of a number we performed. Full-fat grits made 
from Hawkeye soybeans were given the following treat- 
ments and then each product was divided equally into 
inoculated and uninoculated parts. 
-Treatment 1. Tap water was added at the rate of 
175 ml. /125 g of grits, which were allowed to stand over- 
night. Next, they were autoclaved for 30 min at 5-lb. 

_ pressure, then cooled, and half the sample was inoculated 
with spores of strain N.R.R.L. 2710 R. oligosporus and 
packed in Petri dishes. The remaining uninoculated half 
of the sample was stored in a refrigerator. 

Treatment 2. Tap water was added at the rate of 
300 ml. /125.g of grits, which were allowed to stand over- 
night. They were boiled to evaporate excess water but 
were left still moist. The sample was divided and handled 
as in treatment 1, 

Treatment 3. Grits were soaked overnight in sufficient 
tap water to leave a small amount of water above the grits 
at the end of the soaking period. The excess water was 
discarded, new water was added, the grits were boiled for 
30 min, and the water was again discarded. The grits 
were cooled and part inoculated as in treatment 1. This 

_ method was essentially the Indonesian one, except grits 
< were used instead of whole soybeans. 

‘Treatment 4. Grits were washed with tap water but not 
soaked, then fresh tap water was added in excess, the grits 

+ were boiled for 30 min and this water was discarded. ‘The 

~ grits were then handled as in treatment 1. 
Each part that had been inoculated was allowed to 
ferment at 31° C for approximately 24 h. 
The finished fermented tempeh made from treatments 
1 and 2 showed reduced growth and poor fermentation, 
had a disagreeable odour, was greyish-white, had reduced 
__ development of mycelium and had sporangia scattered 
through the cake. On the other hand, the fermented 
pre treatments 3 and 4 were white cakes with 
um, sporulation restricted to the edges 
lour. When the fermented soybeans 
oked in vegetable oil, the tempeh from 
ddish-brown colour, poor flavour and 
“by some as like that of burnt rancid bacon. 
treatments 3 and 4 were normal tempeh with 
light colour and excellent flavour. The four 
of uninoculated grits were also cooked, and those 
ments 1 and 2 were darker in colour than those 































































of I and 2 were not obviously disagreeable ; whether 
grits were soaked overnight made very little differ- 
© in making good tempeh. Washing also removed 
ne of the colour from the beans. However, if the water 
sing and cooking was not discarded, poor tempeh 


that a factor or factors present in tha 
shed out to get a good ferment- 
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ation. The inhibitory factor must be heat-stable ; and- N 


water-soluble. The inhibition of mould development 


offered the possibility of using R. oligosporus as an assay 


organism for the isolation of the factor which might be 
important not only in tempeh but also in soybean milk, 
soybean. flour and other soybean products with respect to 
their food value. Whether the factor has an effect on 
higher organisms is not known. When whole soybeans 
instead of grits were prepared and when no water was 


discarded in the process, a poor fermentation resulted, as 


described here. The actual amount of substrate meta- 
bolized indicated a considerable reduction over that 
metabolized in making normal tempeh. This factor. is 






present not only in the cultivated variety Hawkeye, but 





also in 15 other varieties examined from the United Sta 


and Japan in varying amounts. Of the varieties tested, 


ž 


Norchief appeared to have more of the factor prosent than 


any of the others tested, but made excellent tempeh when 


the factor was removed. O uate 
In making tempeh, the cooked soybeans are spread out 


to cool and to dry the surface of the beans before inocula- 


tion with Rhizopus. This permits some bacterial contati- 
nation to occur from the air. The possibility exists, 
therefore, that growth-promoting substances for bacteria 
might remain in the soybeans if the water is not discarded, 
thereby promoting bacterial growth which in turn restricts 
the growth of Rhizopus. Accordingly, tempeh was pre- 
pared deliberately to give poor tempeh, and at the time of 
inoculation varying levels of tetracycline from 5 to 25 
ug/g were added to the beans. At the end of the fermenta- 
tion, all the tempeh was uniformly poor. When the tempeh 
was examined for bacteria by streaking out some of the 
material on nutrient agar, no bacteria could be detected in 
the tempeh in which 20 and 25 ug/g of tetracycline had 
been added. Their absence would seem to eliminate the 
possibility of bacteria interfering with the development of 
the mould. 


C. W. HESSELTINE 
R. DE CAMARGO 
J. J. RACKIS 


Northern Utilization Research and Development Division, 
Agricultural Research Service, 
U.S. Department of Agriculture, 
Peoria, Illinois. 


t Rackis, J. J., Sasame, H. A. Mann, R. K, Anderson, R. L., and Smith, 
A. K., Arch. Biochem., 93, 471 (1982), 

* Nickell, L. G., Econ. Bot., 18, 281 (1959). 

* Hesseltine, ©. W., Proc. Conf. Soybean Products for Protein in Human Foods 
Peoria, Illinois, September 13-15, 1961. 4 #S-71-22, 67. 

+ Djien, K. 5., and Hesseltine, C. W., Soybean Dig.. 22, 14 (1961). 


A Glass Micro-bead System for the 
Investigation of Soil Micro-organisms 


INVESTIGATION of the microbial flora of soils is greatly 
complicated by the physical complexity of soil as a 
medium. There are, of course, many biochemical and 
respirometric studies of the activity of micro-organisms in 
soil which treat it as though it is a homogeneous tissue. 
In fact, however, the system lacks continuity and consists 


of innumerable semi-independent micro-habitats. Soil is © 


a porous medium with large internal surface. The distribu- 
tion, retention or movement of water in soil depends on 
capillary and surface forces, and is of great moment in 
determining the distribution of micro-organisms and the 
characteristics of the micro-habitats that can be colonized 
if substrate is present. Most natural soils are texturally 





heterogeneous with the result that the behaviour of micro- 


organisms in them is the summation oa: 


many different 
situations. oS 








In attempts to obtain a clearer unders anding of factors So 





affecting the distribution of bacteria and fun 


we 








oer to remove surface alkali. 
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00. 














ips. and water izo, porosity, m as some oil > 
If soluble nutrients are supplied eo 


ic vo shown! ?. 
in the water, microbial growth and activity can be followed 
l versity. of appropriate procedures. 

though micro-beads are available in a wide range of 

LOB (Microb: sads, Ine., Jackson, Mississippi), we have 
ca ied out orienting experiments with two sizes only— 
i diameter and 149u diameter (referred to in this com- 
ication, as small and large beads respectively). Prior 
veir uso in microbiological work the beads, as supplied 





by the manufacturer, require rigorous cleaning with acid 





lowed by rinsing and decantation with distilled water 
ee Washing must be continued 
-until the pH of water in equilibrium with the beads is close 


mee to that of the distilled water used. Table 1 gives observa- 


-tions of some physical properties of the two sizes of miero- 
beads used. It will be noted that there is a four-fold 
difference in internal surface between the large and the 
small beads, and that at 100-cm tension the small beads 


: ES -retain 40 per cent more water than the large. 


For microbiological studies a constant aeration pro- 
cedure has been used in which each micro-bead system, 

`- contained in 8-oz. glass tumblers, is ventilated with moist, 
¿c pterilo air free from carbon dioxide at a controlled rate of 
flow of 91./h. The bead systems are initially wetted with 
=o mutriont liquid into which is incorporated the inoculum of 


the organism or organisms being examined. Measure- 


mont of the amount of carbon dioxide evolved by the 


ASPERGILLUS TERREUS 


š ell SMALL 
Pa 


S 


8 





MIXED MICROBIAL POPULATION 
ao SMALL _ 
i # LARGE 


gS 


Percentage of carbon recovered as CO: | 
. 


2 





288 884 480 
Time (h). 


Fig. L. Percentage of glucose carbon recovered a8 carbon dioxide from 
glass micro-bead media inoculated with (upper curves) Aspergillus 
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Moan diameter 
Total. surface {op 


Bulk density (gje pad 
Particle density (gice) — 

Pore space (perventage. af ‘tated. ee 

Moisture retention at 100 em tension 





(per cent, oven dry weight) 17°5 24-5 
Theoretical values assuming perfect spheres 
Balk density (g/e.c.) pat pack 1-84 
n pack 1:35 
Pore space (percentage of total volume) Clo ose Pak 26-0 
Open pack 47-6 


microbial population of the bead medium is made by 
passing the effluent air stream into 0-75 N sodium 
hydroxide. Carbonate formed is then precipitated by 


arldition of 25 per cent barium chloride and exeeas base _ i 


determined with standard hydrochloric acid in an suto- 
matic titrator. | 

At present we are following the rate of glucose degrada- — 
tion by various micro-organisms and mixed populations 
at the same moisture tension in systems comprised of small 
or large beads. Developmental changes in the numbers or 
distribution of the organisms are followed by sampling, 
plating and by direct and indirect examination of the 
bead mass. In this work 100-g samples of micro-beads 
have been initially wetted with nutrient containing 2 per 
cent glucose, with determinations of evolution of carbon 
dioxide and other changes at intervals. Fig. 1 gives 
information on the percentage of glucose carbon recovered 
as carbon dioxide over a 450-h period from bead systems 
inoculated with Aspergillus terreus compared to systems 
inoculated with a mixed microbial population of unknown. 
constitution, derived from a soil suspension. The behav- 
iour of replicate units in such experiments has been 
remarkably uniform. In experiments so far, we have 
observed that the micro-bead size by affecting the 
microbial environment clearly influences microbial distri- 
bution and activity. 

Calculations of microbial activity on a known substrate 
(using evolution of carbon dioxide as the index of activity) 
can be related to other observations, and the effects of 
physical changes in the environment can be followed. 

It appears that the use of micro-bead media has con- 
siderable potential for studying the growth and activity 
of soil micro-organisms, allowing, as it does, the construc- 
tion of closely defined solid—liquid~gas systems, akin to 
soils, into which a wide range of energy and nutrient 
sources can be incorporated. The energy source may be 
soluble and therefore continuous, or insoluble and dies- 
continuous. Micro-organisms may be examined in pure» 
cultures or in known combinations... Water relationships _ 


and internal surface may be varied by the selection of 


appropriately sized beads or the incorporation of a homo- 
geneous clay. Changes in gas diffusion rates accompanying _ 


colonization of the water film can be followed experi- _ ; 


mentally in such systems. The micro-bead media may 


also be used as a rooting material for seedlings of higher se 


plants and thus applied in studies on root-microbe inter- 


actions or rhizosphere ecology. 


This work was supported in part by research grant : 
GM—~07339—02 from the National Institutes of Health, U.S. 
Public Health Service. 

J. F. Parr 

D. PARKINSON * 

A. G. Norman — 
Department of Botany, 


University of Michigan, ie 
Ann Arbor. 
* Permanent adress: ua Botanical Laboratories, University of 


Liverpool... 
t Nielsen, D R., en Phillips, R. E., Soil Set. Sec, Amer. Proc, ,22, 574 (1958). 
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ind Collar Rot of Apple caused 
hora Species of the ‘cactorum 
- Group’ 

apple trees, caused by Phytophthora 
d- Cohn) Sehroeter, has been reported 
6 world’s major apple-growing areas. 
soil-borne disease are often epidemic in 
esult in the complete bark-girdling and 











-the closely related P. syringae 
o be pathogenic to apple bark! ; 
rom Holland‘ is the only published 
ar rot of apple caused by P. syringae. 
solated from naturally infected trees 
uffolk, and it now appears possible 
rot may be more widespread in 


bark lesions frequently 

extend up the trunk in narrow tongues seldom spreading 

more than one-third around it. 

<: Inoculation investigations indicate that susceptibility to 

beth species varies markedly with the stage of host 
development, and that P. syringae can cause extensive 

“damage at low temperatures in February and March when 
inoculations with P. cactorum have frequently failed. 

Resistance to both pathogens is lowest during and for 
some weeks following budburst. Extension of established 
P. cactorum lesions may continue in the subsequent sum- 
mer and winter, whereas P. syringae lesions are often 
arrested in the summer; subsequent bark splitting and 
callus formation around the lesion may stop further 
extension and trees then recover without treatment. 

- Both species are difficult to isolate from rotted bark, 
especially P. syringae which grows and produces sporing 
structures very slowly. In the most successful isolation 
‘method, 5-mm cubes of bark from the margins of active 

-lesions were irrigated in running tap water for 24-48 h and 
then incubated at laboratory temperature in a shallow 
layer of still water for a further 12h. Under a wide-field 
binocular microscope P. cactorum was detected~by the 
presence of the characteristic, coarse, irregular hyphe, 

~ frequently bearing sporangia. The hyphe of P. syringae 
were less readily seen for they protruded only a short 

‘distance from the bark blocks and rarely formed sporangia. 
Suspect hyphæ were inserted into apple fruits on which 
firm, , somewhat irregular lesions developed after 
isolations from the margins of these on to 

enerally yielded pure cultures of the 
ion temperatures should not exceed 
ates of P. cactorum readily produce 
spores, but P. syringae does so very 
fail to form oospores except in old 

P: syringae isolates form characteristic 

ains of hyphal swellings. All isolates of 
have failed to grow at 25° O, the optimum 
re for P. cactorum. 

igations of Phytophthora spp. in orchard soils have 































revealed marked differences in their seasonal activity, and 
also that the third member of the ‘cactorum group’, 
citricola Sawada (syn. P. cactorum var. applanata 

is widespread and abundant. This species 
hops‘, and as certain isolates have 
ors and Smith! to be very mildly 
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pathogenic to apple bark, all species of -the ‘cacte 
group’ may be implicated to varying degrees in collar 





crown rot diseases of apple. The Malling and Malling- 
Merton apple rootstocks have been tested? for resistance to 
P. cactorum ; tests with P. syringae are in progress together. 


with comparative studies of the resistance of apple scion 
varieties to both pathogens. | 3 


G. W. F. SEwELL 
J. F. Witson 


East Malling Research Station, 
Maidstone, 

Kent. PRA 
* Buddenhagen, L W., 7. PL. ziekten, 61, 122 (1955). aa 
* Sewell, G. W. P., and Wilson, J. F, J. Hort, Sei., 34, 51 (1959). 
* Ten Houten, J. G., P. Pl. ziekten, 64, 422 (1058), 
t Roosje, G. B., Tijds. over Planten, 68, 4 {1962}. 
* Waterhouse, G. M., Trans. Brit. Mycol. Soc., 40, 349 (1957). 
‘Smith, H. C., Plant Path., 2, 85 (1953). 


Apple Scald Induction by Anaerobiosis 


Scart is a physiological disorder which seriously affects 
the appearance and utility of the apple fruit. It initially 
appears during, or following, cold storage as a brown 
discoloration of the epidermis of the green-coloured 
portion of the fruit. With advancement, it affects the 
anthocyanin-bearing epidermis, the hypodermis and the 


adjacent cortex. Extensive investigations over the past 


60 years have provided several theoriest-?; but relatively 
little knowledge pertaining to the cause of scald. Several 
means of control have been devised*#**, As early as 1903!, 


it was observed that scald formation was influenced by- 


the availability of oxygen to the fruit. Our resulta now 
provide a basis for defining the wtiology of apple scald in 
terms of basic cause and effect components, anaerobiosis 
and aerobiosis. : 

Fruits of the McIntosh and Red Rome varieties of apple 
(Malus sylvestris, Miller) stored for 3 months at 0°-2° © 
were used for this investigation. Scald-free apples were 
placed in chambers at 20° © through which either air or 
nitrogen gas was supplied for various durations at a ‘rate 
to provide two atmosphere changes per hour. The fruits 
were examined for scald at the termination of nitrogen 
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ig. 1. Percentage and severity of scald on MeIntosh apples following 
ve L “Gnaorobiosis treatments after 7 days in air at 20 Go 






























nt in air following nitrogen induction was considerably 
ower at 0° C than at 20°C. This dependence on tempera- 
ure clearly links the developmental phase of this disorder 
th aerobic respiration. Thus, scald was induced anaero- 
bically and developed aerobically. 
To relate physiologically the symptoms of induced and 
turally occurring scald, Red Rome apples, which had 
been treated prior to storage with diphenylamine (DPA), 
scald inhibitor*, were compared with a comparable non- 
)PA-treated sample. One-half of each fruit sample 
> received a nitrogen atmosphere for 108 h. The other half 
- was maintained in air for the same period. All fruits were 
evaluated for scald after an additional 36 h in air. 
~ Diphenylamine significantly inhibited or retarded scald 
- development on apples exposed to 0-108 h of nitrogen 
{Table 1). The scald-inhibiting properties of DPA counter- 
 aeted or reduced the inductive influence of anaerobiosis on 
scald development aerobically. Therefore, it is likely that 
naturally occurring scald and anaerobically induced scald 
aro the same disorder. 






























“Table t, INCIDENCE OF ScarpeD RED ROME APPLES 36 H AFTER 108 H 
OF AEROBIG OR ANAEROBIO ATMOSPHERES AS AFFECTED BY PRE-TREATMENT 
; WITH 2,000 P.P.M. DIPHENYLAMINE (DPA) 


Mean per cent scalded fruits* 


Atmosphere Non-treated Treated 
Aerobie (air) oda Oa 
Anaerobic iNe) 84-45 73a 


<4 Means followed by dissimilar subscripts differ at odds of 19 : 1. 


Apparently, apple scald is composed of two physio- 
logically distinct phases, one of anaerobic induction and 
‘one of aerobic development. This pattern is compatible 
with most theories on development and control of this 
disorder. The mechanism of scald induction and develop- 
ment is under investigation. i 

D. R. DriLtEY 
R. R. DEDOLPH 
D. C. MacLean 
D. H. DEWEY 
Department of Horticulture, 
-Michigan State University, 
:- East Lansing, Michigan. 
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| Reciprocal Effects of Insect and Plant-growth 


> 1 Powell, H. G., and Fulton, S. H., U.S. Dept. Agric. Bur, Plant Indust, 
: + Brooks, Ss, Cooley, J. S., and Fisher, D. F., J. Agric. Res., 26, 


Percentage moulted 
Foe 
oS 


6 7 8 
Days since previous moult 


Fig. 1. Cumulative percentage of locusts moulting in successive periods — oo 


of 12 h after injection of: O ~~ O, solvent alone; W fresh homogenate. 


of prothoracie gland, one gland per animal; [1], whole-locust extracti = ee 
@, gibberellic acid, 1 wg peranimal. 366 fourth instar Locusta migratoria gine 


were used and. injected 18-30 h-after the previous moult 


nervous system of locusts that results in reduced locomo- 
tory activity’. Fresh homogenates of active prothoracic 
glands of locusts, solutions of gibberellic acid and locust 
extracts containing ecdysone-A all have a similar effect. 

Growth of the internodes of dwarf pea plants is greatly 
increased by the addition of gibberellic acid. Fractions of 
the locust extracts have been tested on dwarf pea seed- 
lings, var. ‘Meteor’, in a standard bioassay for gibberellin 
activity?. Those fractions containing large amounts of _ 
ecdysone-A exert a significant stimulation of growth 
(Fig. 2), corresponding to approximately 10 per cent of 
that exerted by gibberellin-A a- 


100 


~ 50 
= 
8 
E 
p 
E 
3 
& 
3 
a nate 
mo i 
Controls Locust Gibberellie 
extract aoid 
Fig. 2, ‘The mean internode length in dwarf peas var. ‘Meteor’ treated 


with solvent alone (‘controls’), with the same locust extract as that 

used in the the experiment illustrated in Fig. 1, and with gibberellin-A,. - 

The dose of the latter material was chosen to produce optimal growth. — 
108 plants were used; 3 internodes per plant 


Thus the insect growth-substance ecdysone-A’ and the- x 
plant growth-substance gibberellic acid have similar. 


effects on both plants and locusts. 
D. B. CARLISLE 
D. J. OSBORNE 
P. E. Ermas i 
J, E. Moornouse 


Anti-Locust Research Centre, 
1, Princes Gate, 
London, 8.W.7, 

ment of Agricul 

ord University. 

wise, J. E., Nature, 197, 56 (1963), 
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erences i in the Mode of Action of 





Micro- 

‘ganisms capable of lysing the cell-walls of these organ- 
isms were isolated from soil samples. The digestion of the 
cell-wall material of mould spores, by means of a partially 
purified enzyme produced by the Streptomyces GM, has 
been described already in a previouscommunication!. Some 
_ of us, using the method of digestion by the strepzyme or the 
gastric juice of the snail Helix pomatia, have published 
several reports on their investigations with protoplasts 
prepared from various moulds?-§, The results obtained 
clearly demonstrated that protoplasts of Trichotecium 
roseum could be produced by using the lytic enzymes under 
appropriate experimental conditions. 

This communication describes the production of proto- 
plasts from T. roseum spores and the differences in the 
mode of action of the lytic systems used during this 
investigation. As test organism a young sporulated 
: culture of T. roseum was used, growing it at 28° C for 4 
days in.& medium of the following composition: glucose 
10g; asparagine 1g; yeast extract 0-5 ¢; K,HPO, 0-5¢; 
MgSO,.7H,0 0-5 g; Fe,(SO,), 0-01 g; tap water 100 ml. 
and distilled water 900 ml. 

_ Spores were recovered from the media by careful shaking 
with sterile distilled water and sedimentation in a low- 

sed centrifuge. 0-5 ml. of washed suspensions of spores, 
= adjusted at about 10,000 spores per ml., was incubated 
with 0-5 ml. of the concentrated lytic enzyme solutions 
-{strepzyme or a gut juiee preparation from Helix pomatia 
obtained from L’Industrie Biologique Française) in the 
presence of 0-1 M phosphate buffer pH 6-8 or 0-1 M phos- 
phate-citrate buffer pH 5-8, both containing 0-8 M 
mannitol as a stabilizing agent. The digestion of the cell 
wall was allowed to take place with gentle shaking at 25° C 
for 16 h for the liberation of the protoplasts. 

Examination under phase-contrast microscope shows 
that when the gut juice preparation from Helix pomatia is 
used the first visible effect of the enzyme is that the spores 
become partially detached from the cell wall. The rupture 
of the cell wall atarts at the polar end of the cell that was 
in contact with the conidiophore and then the other one. 
The protoplasts can be seen to emerge through the 
aperture attaining a spherical shape (Fig. 1). The proto- 
plast nature of these structures can be demonstrated 
simply by dilution of the medium with water when the 
| Bretop ess will burst. 

On the other hand, when a T. roseum spore undergoes 
| the Ai e stive treatment using the strepzyme it was seen 
8 pi viously: described, the lytic attack on the cell- 


vi past m a nd ould cell- valla, 








T the dann with the enzyme 
rotoplasts leave the cell-wall 
cell spore of T. roseum 
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Enzyme(s) from Heliz pomatia 


ge — o 0o 
Strepzyme : 
Fig. 2 


wall and the cross-wall is very uniform, giving rise to bs ae 
formation of two protoplasts which riso together and. at : 


the same time from the previous double-dotted cell spore. 

Fig. 2 shows, diagrammatically, the two different stages 
in the release of protoplasts from the double-dotted ‘coll 
spores of T. roseum. 

These preliminary experiments have shown that. the 
strepzyme produces protoplasts from T. roseum- spores 
completely deprived of residual cell-walls which represents 
a great advantage on the enzyme preparation from Helia 
pomatia. 

This investigation was supported by a grant from the 
Ministry of National Education, Spain. 

IsaneL Garcia ACHA 
J. R. VILLANUEVA. 
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A Rapid Method for Determining Phytase 
Activity of Soil Micro-organisms 


Durg an examination of the breakdown of organo- 
phosphorus compounds by soil micro-organisms it was 
found necessary to determine phytase activity in a large 
number of isolates. The following modification of a 
recently published technique? for the detection of glutamic 
acid decarboxylase in bacteria proved suitable for this, 
purpose, x 

Organisms to be examined were grown as streak. oultares 
on glucose-nutrient agar plates incubated at 23°. When _ 
sufficient growth had been obtained it was treated with 
toluene vapour, as described by Stewarti, and transferred 
by means of a platinum loop to small tared filter paper 
disks (7/16 in. diam. Whatman No. 1 filter paper) in 
30-mg (wet weight) amounts. A torsion balance was used 
for rapid weighing in this operation. Organisms (for | 
example, Actinomycetes), the growth of which is difficult 
to remove from agar, were grown on ‘Cellophane’ laid on 
the solidified agar surface. This facilitated removal of 
the growth and prevented its contamimation with agar. 
After weighing, the disks plus organism were inverted 
on to glass coverslips and gentle pressure was applied to 
ensure the formation of a uniform layer of organism 
between disk and coverslip. Sodium phytate solution 
(0-01 ml. containing 20 wg phosphorus) was added from am 
‘AGLA’ micrometer syringe (Burroughs Wellcome, Ltd.) 
to the disks, which were then incubated at 23° for 3 h in 
a moist atmosphere. Control disks were prepared in 
exactly the same way except that the sodium phytate was 
added at the end of the incubation period. In general 
the pH of both sets of disks fell within the range of 
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Table 1. PHYTASE ACTIVITY OF MICRO-ORGANISMS 


: l _ Inorganic _Tnorganie Percentage 
a ` l phosphorus in phosphorus in hydrolysis 
<00 Organism gontrol disk experimental of sodium 
E L (ug) isk (4g) phytate 
oo. Aerobacter aerogenes 50 15-0 50 
i RRedotorula sp. 1-25 4-75 17-5 
Streptomyces sp. 7-60 10-5 17-5 
es Bacillus spe 15°06 25-0 50 
<: Unidentified short Gram- 
- negative rod : &-0 280 100 
Unidentified Gram-negative 
pleomorphic rod 75 17-26 387-5 


The reproducibility of the method was checked using a 
strain of Aerobacter aerogenes and the following results, 
expressed as pg phosphorus released, were obtained for 
five replicates disks: 10-0, 9-5, 9-80, 10-0, 10-5. 

This method hes shown that 30-50 per cent of tho 
organisms in soil and on plant roots possess an enzyme 
capable of hydrolysing sodium phytate with consequent 
release of inorganic phosphate. Further details of this 
work will be published elsewhere. | 

We thank Dr. F. W. Norris of the University of Bir- 
mingham for supplying the pure recrystallized sodium 
phytate used in this work. 
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Facilitation of the Removal of the Total 
Surface Growth of Bacteria from Solid Media 


To make a suspension of bacterial colonies by removing 
~ them from the surface of culture media, using a wire loop, 
is often difficult. In using a wire loop for this purpose the 
growth generally slides over the wire of the loop, and the 
complete removal of all surface growth is thus rendered 
-both difficult and time-consuming. 

It has been found that if a wire loop is first charged 
© with a film of liquid before attempting the removal of 
surface growth and then run across the bacterial colonies 
growing on the plate, the film of liquid allows the colonies 
to collect in the loop. : . 

In practice the technique used is to sterilize the loop 
(2-5 mm diam.), cool in the suspending liquid, remove the 
loop being careful not to break the liquid film, touch off 
the excess liquid, run the side of the loop across the plate 
with the loop at right angles to the surface of the agar, 
continue running the loop across the bacteria until com- 
pletely full, shake off into the suspending liquid and start 
the cycle again. 

By using this technique the whole growth from a stan- 
dard Petri dish can be removed in ten such operations. 
The use of this procedure reduces the risk of contamination 
associated with the more usual techniques utilized for 
this purpose. 


Clinical Bacteriology Research, 
Pfizer Ltd., , 
Sandwich, Kent. 
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Anopheles (Cellia) gambiae Giles 

Unrit now, it has been held that, before any species of 
mosquito will oviposit, water must be present as surface 
moisture or as a collection!. Some forty-two years ago, 
however, Wesenberg-Lund? recorded Aedes (Ochlerotatus) — 
communis (De Geer) ovipositing among superficially dry 
leaves on a dried lake bed and under leaves in the labora- 


tory, and concluded that this mosquito probably lays its. - ; ; 
eggs on dry earth. The observations recorded here have = 
shown definitely that Anopheles (Cellia) gambiae Giles will = 


oviposit on absolutely dry surfaces (at least in the labora- 
tory), if the gravid female ready to lay its eggs is denied 
access to water. The eggs so oviposited, however, fail to 
turn black and ‘are not viable. A survey of the 
literature locally available has revealed no definite 
previous record of oviposition on dry surfaces: by mosqui- 
toes. ae : 

Fully gravid A. gambiae females were put in 8 in. x 
Sin. x 8in. and Llin, x ll in. x 10 in. cages, in lots of 
50 and 100-200 per cage, respectively. Each cage had a 
sheet of dry white blotting paper covering the entire floor 
area. No water was provided for oviposition. The mos- 
quitoes were maintained at 25° C and 85 per cent relative 
humidity, and were subjected to 12 h light and 12 h dark 
in each 24h. 

After a day or two, several of the females in a cage 
were observed to have flat abdomens (that is, in Sella’s 
stage I*), At first, this was puzzling, since, at a casual 
glance, the familiar black eggs of mosquitoes could not 
be seen on the blotting paper. It was only later that 
thorough examination with a magnifying glass revealed 
numerous off-white eggs on the blotting paper, indicating . 
that oviposition was taking place in the absence of 
water. 

Tt was assumed that since mosquito eggs on a dry 
surface are subjected to maximum exposure to oxygen, 
this should facilitate tanning and melanin formation. Yet 
eggs oviposited on dry surfaces failed to darken. It was 
then thought that perhaps a gravid mosquito denied access 
to water, when it is ready to oviposit, might undergo 
some physiological change affecting the eggs; so that when 
and wherever these are laid, darkening would be inhibited 
anyway. This hypothesis was tested using the arrange- 
ment shown in Fig. 1. Those eggs which were trapped into 
the funnel and succeeded in reaching the water below, 


through a very tiny hole at the apex of the filter-paper A 
cone, became black and were viable; those which fell on — 


to the dry blotting paper on the floor or remained on the 
dry surface of the filter-paper cone retained their pale 
coloration and were not viable. This indicates that eggs 
oviposited on dry surfaces are basically normal. With 
regard to coloration, it might well be that eggs laid on a 
dry surface would lose water from the chorion. so rapidly 
that this would inhibit darkening (Prof. V. B. Wiggles- 
worth, personal communication), and it is known that if 
the eggs of anopheline mosquitoes are removed from 
contact with water immediately after being laid, they 
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Fig. 1 Method of trapping into water eggs laid on a dry surface 


of the continuity of endemic malaria in the savanna 
regions of Afriea. 
I thank Prof. V. B. Wigglesworth for his advice. 
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Parthehógenesis in the Cattle Tick, Boophilus 
microplus 


ALTHOUGH bisexual reproduction is usual among ticks, 
there have been reports of parthenogenesis in various 
species including Amblyomma agamum', Rhipicephalus 
bursa’, A dissimile’, Hyalomma anatolicum', Ornithodorus 

- moubata*, and Haemaphysalis bispinosa’; 
: appears b be no previous record of parthenogenesis in 
Boophilus microplus. In fact, it was considered by many 
workers on the cattle tick in Australia that B. microplus 
females were unable to complete engorgement in the 
absence of males, and it was reported’ that female cattle 
ticks isolated from males in small areas on a sheep by 
means of repellent barriers did not engorge completely. 
a Furthermore, Riek?! observed that unfertilized female 
cattle ticks Tomained attached to mice for considerable 
is wit thout engorging. In both instances the subse- 
uction of males led to rapid engorgement of 





that.in the Yeerongpilly ( Gaseas: 
plus, 62 per cent of 185 females, 
` individually tubed, replete 
d detached from a steer in the com- 
males. Fifty-five per cent of these 
females produced some viable eggs, the 
gg masses ranging from 0-1 to 48 per 
er cent) when stored at 80° F and 
ive humidity. By comparison, it is 
ditions of temperature and humidity 
recent of engorged females detaching 

sted cattle to lay large numbers of 
having a high percentage 
1 of 84 per cent at 79° F 
‘). In another experi- 
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less than for mated females raised on the same steer. 
Unfertilized eggs had a longer minimum developmental 
period than fertilized eggs. 

Various malformations appeared in parthenogenetic , 
embryos and larve, but 2 per ‘cont of parthenogenetic 
larvæ attached to a steer and reached maturity. All the 
adults detected, after careful searching of the ]-in.-diam. 
areas of skin. exposed to ticks under the confining box, 
were female, suggesting a form of thelytoky.. Seventy por 
cent of these fatherless females engorged to odium size or 
larger, 45 per cent gave eggs and 22 per 1cac 
progeny. Thus, about 0:25 per cent of 
parthenogenetic larve were. capable. of rea 
and then of giving rise to a second gen ithout . 
males. Only 2 second-generation fatherles - Jomaton 
were obtained (no males), but. one of these gave rise ‘to 
third-generation parthenogenetic larva. | 

It is unlikely that a parthenogenetic laboratory strain of 
B. microplus will be established from this stock. However, 
the other exotic cattle tiek in Australia (H. bispinosa) has 
been shown by Bremner‘ to reproduce by obligate par- 
thenogenesis in one Queensland strain, males being rare 
and nonfunctional, although in Japan" a strictly bisexual 
race as well as a parthenogenotic race of this latter species 
is known to exist. 

It is not certain whether this phenomenon demon- 
strated for B. microplus can be regarded as true facultative 
parthenogenesis or whether it is accidental partheno- 
genesis which, according to Bergerard™, does not establish 
itself in Nature. Further work is also required to disclose 
the type of cytological mechanism involved, to see whether 
parthenogenesis occurs in other strains of the cattle tick 
and to determine if it has any significance so far as control 
and eradication programmes are concerned. 
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A Non-colonizing Aphid Vector of Potato 
Virus Diseases 


Ir is now well established that migrating. aphids alight # 
in, and feed on, crops which they are unable to colonizet, — 
and Broadbent? has pointed out that such aphids may be 
responsible for the spread of virus diseases within those 
crops. An aphid which appears to fill this role in the case 
of two potato stylet-borne viruses, potato virus ¥ (PVY) 
and potato virus A (PVA), in certain distriets of Northern 
Ireland, is Brachycaudus helichrysi CEI), - the leaf- 
curling plum aphid. E T. 
The eei that B. elichrysi n might be respons 








fooding on d about 407 por cont of tho prone ants -i 
high) in a field located near the site of an earlier outh roak. 
of PVY. 

In a small preliminary experiment. to. 
ability of the aphid, winged migrants, ‘take n 








Ce Individual. control halves. 





ns a sprouting tubers. 
- with controls, were grown under insect-free conditions and 


pSa “two. of them: developed symptoms of PVY; the infections 
E ufirmed by sap inoculation to tobacco and by grow-. 






os ; ing the 2 DENT. 
In 1962 a more detailed investigation was undertaken 
; involving both PVY (20 tests on sprouting tubers of the 


a variety Arran Pilot), and PVA (19 tests using the variety 
ae -Ulster Torch). ‘Winged aphids were collected from infested 
~ blackth 


horn (P. spinosa. L. ) foliage and ‘fasted’ (1-24 h) 
. before being fed briefly on virus-infected sprouting tubers. 








S - ` Following the acquisition feed the aphids (1—4 per test) 
were. immediately transferred to the sprouts of healthy 


_ tubers, where they were left to feed, generally for two days, 
- before being recovered and preserved as a check on their 


e identity. The test tubers were all ‘virus tested nuclear 


stock’ material but, to provide additional evidence of their 
health, as many as possible were halved before use (PVY, 
17 and PVA, 10) and the other half of each was used as a 
control, With each virus three positive transmissions 
-were effected and of these only two, both PVA, lacked 
The presence or absence of 
virus. infection in all test and control plants was 
determined by sap inoculations to tobaceo, both from 
the parent foliage end from the sprouts of the tuber 
progeny. 

The ability of the aphid to transmit these diseases under 
‘simulated field conditions was also demonstrated in an 
experiment using outdoor cages. Ten  virus-tested 
nuclear- stock tubers, variety Arran 
Pilot, were cut lengthwise and the halves 
of each planted in two separate cages; 
two tubers infected with PVY were 
also. planted in the centre of each cage. 
During the period in which the plants 
were emerging through the soil, twigs 
of damson infested with B. helichrysi were 
introduced into one of the cages, but 
no aphids were added to the other cage, 
which was left to serve as a control. A 
similar experimental layout, but using 
tubers of the variety Ulster Torch, was 
utilized to test the aphid with PVA. Virus 
transmission was assessed by sap inocula- 
tion to tobacco; in the test cages four Arran 
Pilot plants were found to be infected with 
PVY and five Ulster Torch plants with 
PVA: no infections were discovered among 
the control plants. 

The relative vector efficiency of B. heli- 
chryst has yet to be determined, but as 
Kennedy? points out “the key considera- 
tions affecting the virus-spreading efficiency 
of a given aphid species are its ability to 
transmit the virus and the abundance and 
activity of its winged forms’. The 
“ability of this aphid to transmit PVY and 
PVA. has been demonstrated, and in 
June of this year further evidence was 
obtained of the large numbers of spring 
migrants, which settle into potato crops 
when these are situated near the aphid’s 
primary hosts. Two such crops were kept 
under observation during the early sus- 
ceptible’ stage of growth and, at the height 
of the aphid’s migration, vagrant alate Fig. 
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about & raat spread. of either PVY < = PVA, should 
sources of infection be present. (Present experiments? 
have shown that the aphid will transmit yet another 
important stylet-borne virus of potato—the tobacco 
ees 
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CYTOLOGY 


Chemical Nature of the System controlling 
Gene Activities in Insect Cells- 


Satrvary glands of Chironomus thummi explanted into 
hemolymph or saline revert their pattern of gene activities 
—visible in the giant chromosomes as puffs—to a more 
juvenile stage?*. It has turned out that this process— 
called ‘rejuvenation’—is due to an influx of Nat ions 
into the nucleus. By stepwise changing the Nat/K+ 
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were found feeding on 70-80 per cent of 
the plants, then no more than 9 in. high. 


The highest number of aphids recorded on - 
a single plant was five and the average — 


per infested. plant examined was two. 
From. the evidence presented © it. 
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ee M the m possible to activate a graded 
Soris OF genetic loci, every Na+: K+ ratio inciting different 
groups of loci to form puffs (Fig. 1). The series of puffing 





the sequence of puffing patterns which in 
from the adult 


xperiments'? it was shown that the insect 
and possibly also juvenile hormone, 
tly on the genetic loci of a cell but instead 
exert their effect on a system in the nuclear sap which in 
turn controls the activity of at least a large fraction of the 
genetic loci in the chromosomes. It has been concluded 
that this control system ean be present at different levels, 
each level inciting some loci to become active, others to 
become inactive. Since the. stepwise replacement of Nat 
by K+ produces the effect of those ‘different levels’, it 
seems now that the contro] system actually consists of the 
Nat/K* balance in the nuclear sap; both hormones would 
then act by regulating the ratio between Nat and K+, 
ecdysone increasing the K+ concentration, juvenile hor- 
mone maintaining a high Nat level. 
The existence of mechanisms for the extrusion of Nat 
in almost all somatic cells suggests that activation and 
inactivation of genetic loci by a progressive shift in the 
Nat*/K+ balance in the nuclear sap may be a rather 
‘universal mechanism. 
_ This work was aided by grants from the Schweizerischer 
Nationalfonds zur Förderung der wissenschaftlichen 
Forschung and by the Damon Runyon Memorial Fund 
(DRG-668). 
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_ Differential Ribonucleic Acid Synthesis of 
~ X and Autosomes during Meiosis 


a SEVERAL investigations- of chromosomal RNA syn- 


thesis during mitosis have established that such synthesis, 
“Maximal in interphase, continues during mitotic prophase. 
It decreases. ‘progressively as chromosome contraction 
_ advances, none occurring during the fully contracted 
stages of metaphase and anaphase. RNA synthesis re- 
commences with chromosome despiralization at late 
telophase. 









; while in the other, 14(7.glycine, 4C-orotic 
© were used. The relatively RNA 











ine, was not utilized, and the results 
irely unambiguous. RNA synthesis 
| inue into early meiotic prophase but 
ecursors a drop was reported at the time of 
DN. esis and at the zygotene pairing stages. 


jave sought more information on this question by 
ourse of RNA biosynthesis autoradio- 
ally through all stages of male meiosis in the locust 
erca gregaria, using *H-uridine. All autosomes 
synthesize RNA throughout the whole of first 
phase. Leptotene and zygotene nuclei are 
ort. exposures to the isotope. After 

) small nucleoli are noticeably 
remainder of the nucleus. 
tene the truly lampbrush 
s evidenced by their con- 
thesis decreases progress- 
'hromosome coiling becomes 
1 has ceased by the time 
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Pig. 1. Diakinesis in Schistocerea gregaria showing the distribution of 
newly synthesized i NA, labelled with *H-uridine. All autosomal 
bivalents are labelled, but the X univalent is not 


that nuclear membrane breakdown occurs. No RNA 
precursor is incorporated into any autosome during first 
metaphase or anaphase. During second prophase RNA 
is again synthesized by the uncoiled autosomes. Incor- 
poration decreases as chromosome coiling becomes more 
advanced and it does not occur at the fully contracted 
stages of second metaphase and anaphase, 

Throughout most of meiosis the single X-chromosome 
is allocyclic relative to the autosomes. It is tightly coiled 
and heavily staining during both first prophase and, in 
those cells in which it is found, second prophase. In this 
condition it is synthetically inactive. No RNA precursor 
is incorporated and the X-chromosome is unlabelled 
throughout its entire length (Fig. 1). 
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Effect of pH and Temperature on Cell 
Re-aggregation 

Tue successful re-aggregation of cells has been used 
widely as a test for their adhesiveness'?, Moscona' 
observed that the re-aggregation of chick embryonic cells 
does not occur at temperatures at. or below 15° C, 
Steinberg? found that re-aggregated cells did not de- 
adhere at low temperatures and re-interpreted Moscona’s 
results by suggesting that the initial adhesions of cells 
alone were prevented below such temperatures. Both 
authors interpreted their results to indicate that the 
adhesion of cells in re-aggregation involves a temperature - 
dependent mechanism. Similarly, Steinberg® argued that 
since amphibian embryonic cells could not re-aggregate at 
pH 4-0, carboxyl ionization and calcium-linked binding 
between cell surfaces are probably involved in cell adhe. 
sion, It remains possible that the failure of re-aggregation 
in these systems was due to the particular conditions of 
re-aggregation used, and that low temperature or pH 
values do not of themselves generally impede the adhesive- 
ness of normal viable cells.’ Successful re-aggregation of 
cells at low temperatures or pH values will demonstrate 
that low temperature and pH do not in themselves 
necessarily affect cell adhesion. The following tests show 
that this suggestion is probably correct and that other 
conclusions can be drawn about the modes of cell 
adhesion. 
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Cells from 5-day embryonic chick 







the amphibien, Xenopus laevis ‘examining 
the effects of temperature ¢ iver colls 


about 1-5 million ml. were prepared in the culture media. 
Single colls accounted for > 98 per cent of cells in all 
suspensions. Four culture 
medium (1) was composed of horse serum (Burroughs- 
Wellcome No. 2), Medium 199 (Glaxo Laboratories) and 
Hanks’s saline in equal proportions. This and all other 
media were sterilized and freed from dust by filtration 
(‘Millipore’, HA filters). The other media used in testing 
the effect of temperature on ro-aggregation were as 
follows: (2) serum-free medium, equal parts of Hanks’s 
saline and Medium 199; (3) medium 2 with 1/3 per cent 
v/v horse serum; (4) medium 2 with 3 per cent v/v horse 
serum. After suspension in one or other of the media 
(diluted with about 15 per cent Hanks’s calcium- and 
ragnesium-free saline) the cells were shaken in a constant 
temperature bath at 92 i.p.m. for 20-36 h. At 36° C re- 
aggregation, as judged by the appearance of Macroscopic 
coherent re-aggregates and by the reduction of the popula- 
tion of single cells in the medium to about 0-08 million/ml., 
was extensive in all media. At 6° C or 3° C only one visible 
re-aggregate was found in 6 flasks using medium 1, though 
a certain degree of adhesion occurred since the single cell 
density was reduced to between 60 and 40 per cent of its 
initial value, numerous cell pairs, triplets, etc., being 
formed. In the serum-free media extensive visible coherent 
re-aggregation occurred and the population of single cells 
was reduced to about 0-08 million/ml. A similar situation 
was found in medium 3 but more single cells were found 
(mean 0-2 million/ml.) and rather fewer and. smaller 
visible aggregates formed. With medium 4 a few visible 
re-aggregates formed ; the single cell population remained 
high. (mean 0-6 million/ml.). 

The occurrence of re-aggregation at pH 4-0 was tested 
with both chick and amphibian eells. For chick cells 
prepared as above, medium 1 and the serum-free medium 
2 were buffered at pH 4-0 with 0-004 M maleate or 
acetate-hydrochloric acid buffers or at pH 6-7 with added 
maleate or acetate (0-004 M). pH values were checked 
before and after re-aggregation. At pH 4-0 very slight 
precipitation of serum components occurs. Cells were 
shaken at 36° C for 36 h; no macroscopically visible 
re-aggregation of cells was observed in serum containing 


medium buffered at pH 4-0, though the proportion of- 


single cells fell to the same level as in suspensions in which 
visible re-aggregation occurred. Re-aggregation at pH 6-7 
was visible and extensive in both serum-containing and 
serum-free media. At pH 4-0 in serum-free media re- 
aggregation was extremely rapid, visible coherent re- 
aggregates appearing in 1 h and the population of single 
cells was reduced below detectable levels. Gastrula cells of 
the amphibian, Xenopus laevis, were disaggregated by a 
chelating agent technique‘. The cells were re-aggregated in 
Holtfreter medium buffered at pH 7-2 or 4-2 with acetate 
or maleate buffers (0-004 M). In still unshaken medium 
at pH 7-2 re-aggregation is extensive whereas at pH 4-2 it 
apparently does not occur. However, it is known that 
cell movement is essential for amphibian re-aggregation 
and it was found that cell movement is inhibited at pH 
4-2 (ref. 5). Providing cell movement artificially, by 
stirring or shaking the cells gently, produces aggregation 
at pH 4-2. | | | 
Warburg manometry of chick cells re-aggregated at 3° C 


in serum-free media showed that on rewarming the- 


aggregates to 37° C they have the same high respiratory 
rate as cells re-aggregated at 37° C. This indicates that 


and in 


| others® th : 










that the first stage 
temperatare-dependent. 
tioned material suggests à 
at pH 4-2 are composed of viable normal cells this question. 
of viability is of little importance since the arguments 
concerning cell adhesion expressed by Steinberg? were 
based on similarly. treated cells. These results suggest 
that serum contains some factor or factors interfering 
with re-aggregation at about pH 4-0 and at low tempera- 
tures. ‘The failure of Steinberg to obtain amphibian 
re-aggregation at about pH 4-0 can be explained as 
being dus to the inhibition of cell movement, so that 
potentially adhesive cells were unable to make suffi- 
cient contact for large masses of cells to form. The fact 
that celle can form adhesions at about pH 4-0, where 
carboxyl ionization on their surfaces is suppressed®, or at 
low temperatures, can be explained by lyophobic colloid 
theory of cell adhesion’. 
A. 8. G. CURTIS 
Department of Zoology, 
University College, London. 
i Moscona, A., Nature, 190, 408 (1061); Exp, Cell Res., 22, 455 (1961). 
2 Steinberg, M. S., Ezp. Cell Res., 28, 1 (1962). 
s Steinberg, M. S., in Biological Interactions in Normal and Neoplastic Growth 
(Little, Brown, 1962). 
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GENETICS 


Natural Selection on an Isoallele 


In Dresophila pseudoobscura a genetic factor has pre- 
viously been described, the only observable effect of 
which is to cause a small change in the banding pattern 
of the third polytene chromosome. This factor behaves 
in crosses as a simple recessive gene, and has been named 
‘salivary’ (sal). Because of the recondite nature of its 
effect, sal may be considered an isoallele of a gene for 
normal banding pattern. : 

The population cage (W-11) on which sal was dis- 
covered contained the gene sequences Arrowhead (AR) 
and Chiricahua (CH). In this population only CH homo- 
karyotypes exhibited the altered banding pattern. It 
may therefore be inferred that sal was located only on 
third chromosomes containing the CH gene sequence. 
That AR chromosomes do not in themselves inhibit the 
expression of sal will be shown here. 

In population W-11 the CH gene sequence was anoma- 
lously fitcer than usual’. In order to determine whether 
this situation was related to the presence of sal, three 
additional populations were set up in the manner de- 
scribed elsewhere* and maintained at 25° C. One popula- 
tion (V-12) contained normal CH, one (V~-13) contained. 
AR, and one (V~14) contained Standard (ST), each to- 
gether with sal-bearmg CH chromosomes. All the initial 


flies were F’,’s of crosses between the stocks used, ensuring _ o 


equal initial frequencies of the two genotypes in each case. 
Generation time under the conditions of this experiment 
has been estimated? at 29 days. Three hundred chromo- 
somes were examined in each egg sample. 


The observed frequencies of CH chromosomes are 


presented in Table 1 and Fig. 1, together with results of 
three comparable previous populations**, each of which 


contained AR and normal CH. It has been found by 





hers* that populations containing either ST and normal 
CH or AR and normal CH attain equilibrium frequencies 
of normai CH similar to each other. It is apparent from 
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sal gene 


our results that CH chromosomes contamıng sal (and the 
alleles ın 1ts vicinity) are at least as fit (V—13) as, and are 
m some cases ( V—12 and V-14) clearly fitter than, normal 
CH chromosomes In the absence of an attamed equil- 
brium, no estimate ıs made of the relative fitnesses 
Population V-14 was termmated as a result of contam- 
nation with D melanogaster, and the others by accidental 
exposure to an msecticide 


Table 1 OBSERYED F EROERTAGER OF CH CHROMOSOMES IN POPULATION 
AGES 


V-13 14 
Month (AR-CH) (ST-CH) 
0 50 0 50 0 
4 43 7 52 7 
7 40 0 43 7 
11 32 3 — 


Because sal is recessive, its frequency m a homo- 
karyotypic population could be estimated only from the 
frequency of homozygotes The frequencies of the 
various AR, ST, and CH karyotypes ın our populations 
followed the Hardy—Wemberg expectation, and it 1s 
assumed that the frequencies of the sal genotypes did also 
The observed frequencies of sal homozygotes m V-12, 
V-13, and V-14 are presented m Table 2, and the cal- 
culated frequencies of sal m V-12 are given in Fig. 1 
Population V-12, contamimg only the CH gene sequence, 
confirms that CH chromosomes bearmg sal are fitter than 
those lackmg ıt 


Table 2 OBSERVED FREQUENCIES OF HOMOZYGOTES FOR sal IN SAMPLES 

FROM POPULATION CAGES THE NUMERATOR IN EACH CASE ] EPRESENTS 

HOMOZYGOTES FOR sal, THE DENOMINATOR, ALL LARVS OF THE DESIGNATED 
KARYOTYPE 


V-12 y-18 V-14 
Month CH/CH AR/AR AR/CH CHCH ST/ST STİCH CHICH 


© D 0 2 a 4 8 aqn 
150 62 65 33 35 72 43 

7 a o o a o 2 a 
150 61 58 31 52 65 33 

uo à S o o 5 oe 
150 68 67 15 


There are a few mstances (Table 2) of CH homokaryo- 
types lacking the phenotype of sal and of heterokaryotypes 
(and even of one ST homokaryotype) having this pheno- 
type The most lkely explanation of these unusual 
combmations appears to be crossing-over Incomplete 
penetrance of sal 1s ruled out by the presence (in equal 
frequency) of both kmds of expected recombinants and 
by tests of the homozygous sal stock A frequency of 
crossing over of 0 002 (0 2 recombination units) between 
the CH inversion complex and sal would (in the absence 
of greatly changed selection on recombmants) account for 
the observed frequencies of separation between them, 
within the limits of sampling error Results of crossing 
over in inversion heterozygotes of the third chromosome 
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of D pseudoobscura have been published by others*? 
The position of none of the mutants used m those experi- 
ments 1s known with sufficient precision’ to be able to 
determine whether or not the frequency of 0002 18 a 
value of recombmation expected between the distal end 
of the CH inversion complex and any more distal mutant, 
in a heterozygote with AH or ST. However, such a 
frequency 18 at least easily consistent with the available 
data 

As usual m competition experments with single genes, 
it ıs unknown whether the observed difference ın fitness 
between CH chromosomes contaming sal and those lacking 
it 18 due to a direct effect of sal itself (and 1f so whether 
1t 18 a result of the effect on chromosomal banding) or to 
closely lmked genes 

These experiments were conducted ın the laboratory of 
Prof Th Dobzhansky at Columbia University. Durmg 
this time, one of us (L. V ) was the recipient of a Boese 
postdoctoral fellowship from Columbia, University 


LEIGH VAN VALEN" 


Zoology Department, 
University College, London 


Lours LEVINE 
Biology Department, 
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Selection in Natural Populations: Human 
Fingerprints 

In order to estımate the normal mtensities of natural 
selection on quantitative characters, characters must be 
chosen for reasons other than the likelihood of natural 
selection operating on them! This communication deals 
with one suitable character 

The data consist of total mdge-counts?? of about 250 
English families Counts for at least one parent and one 
child were available for each family used; usually the 
entire family was available The sample is not a random 
sample of any particular community, but 1s more or less 
representative of England asa whole The restriction to 
famihes ensures that the same bias is present m each 
generation, the possible effects of migration are thereby 
also excluded. 

The use of comparisons between a set of parents and the 
set of their offspring as a means of investigating natural 
selection 1s to my knowledge new and requires comment 
It 1s not equivalent to determmuing the change, if any, 
between successive generations, because the generations 
were sampled at different ages Its mam advantages are 
the relative ease of collecting results for man and the 
elimination of a possible bias due to differential migration; 
it has, however, relatively poor power For a less highly 
heritable character than ridge-counts, and especially for 
the variance of such a character, a difference between age- 
groups of the same generation, sampled af different times, 
may be present with only a much smaller difference 
between generations, even 1f reverse selection on fertility 
is absent For the variance this may or may not be true 
in the present case A change in environmental effects 
between generations would be confounded with @ result of 
selection, but the presence of a total phenotypic change 
Qncluding any change m environmental effects) can be 
tested for by comparimg unrelated individuals a generation 
apart Strong differential mortality ın this mterval would, 
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however, also produce a difference in the distributions of 
phenotypes 7 

Ignoring environmental effects and considering less 
highly heritable characters than fingerpiints, the children 
are essentially a random sample of the population from 
which their parents were drawn ‘The two selective 
barriers which must be passed in this direction are survival 
for the length of one generation and the production of one 
or more viable children Dufferential fertility, prezygotic 
selection, and prenatal and juvenile mortality aro the 
selective barriers actually passed from the sample of 
parents to that of chidren For a character as highly 
heritable as mdge-counts*> only the second direction of 
comparison is valid The statistics are the same for both 
directions 

The individuals were divided into four classes fathers, 
sons, mothers, and daughters No individual was included 
in more than one class, and the occasional twins were 
counted as two individuals Means and variances of total 
ridge-count were computed for each class, and are given m 
Table 1 It is evident that no significant difference 1s 
present between the generations for either sex The 
statistic Q, useful in comparmg estimates of selection for 
several characters, 1s the ratio of the observed difference 
between means to the difference expected 50 per cent of the 
time by chance for the same sample sıze! 


Table 1 STATISTICS For TOTAL RipGe-Count «(THE STATISTIC Q IS 
EXPLAINED IN THE TEXT) 
N 3° X F Q CV 
Fathers 231 2,899 1389 7+ 35 110 183 38 5 
Sons 283 2,645 1465 + 31 35 4 
Mothers 249 2,749 1273 + 33 0 92 0 168 412 
Daughters 278 3,001 1267 +33 43 2 


The high coefficients of variation are notable, particu- 
larly for a non-vestigial character This is probably not 
due entirely to the character being composed of separately 
inherited divisions, because the three conventional classes 
of fingerprints (arch, loop, and whorl) more or less grade 
into each other and the total distribution of ndge-counts 
is bell-shaped® It could be a result of the absence of any 
selection affecting this highly heritable trait, or ıt could 
be a result of heterosis, epistasis, or destabilizing selection, 
too weak to be detected by the present sample size 

This work was supported by a NATO post-doctoral 
fellowship ‘The data were collected by Dr S B Holt 
for other purposes, and I thank her for permission to use 
them 

Leigh Van VALEN” 
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Allelism of Silver, Gold, and Imperfect Albinism 
in the Fowl 


WERRET et al! described a series of matings, starting 
with a non-silver male resultmg from a cross of a Brown 
Leghorn sire by a Light Sussex dam, which suggested that 
the gene for silver (S) had mutated to that for semi- 
albinism, designated by them as s# As the mutant gene 
also proved to be recessive to that for gold (s), together 
they formed a series of three alleles at one locus on the 
sex chromosome Mueller and Hutt? first deseribed 1m- 
perfect or semi-albinism (al), and afterwards Hutt? re- 
ported on the linkage relationships of his al to other genes 
on that chromosome Although Hutt had no specific 
tests of Imkage of al with S, both these genes were 
tested with others located nearby Identical linkages (0-7 
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per cent) were found with the gene for dwarf (dw) , but 
for the gene for rapid feathermg (k), where there were 
more gametes tested and the map distance was consider- 
ably less, k was closer (1 6 per cent) to al than to S (28 
per cent), a situation that did not suggest possible allelism 
Hutt therefore placed al between S and k, a little closer 
(1 2 per cent) to the former 

Because of the apparent closeness of the two loci, the 
observations of Werret et al could also have been explained 
by assuming a small deletion rather than a pomt mutation 
It was also possible that they were dealing with a different 
mutation from that studied by Hutt, which 1s known to 
have occurred several times Either possibilty could 
account for the poor growth rate and defective vision 
described by Werret etal Neither condition was character- 
istic of the albinos studied by Hutt, nor is ıt of those at 
present on hand here 

(a) A test to determine presence of S or s wm albmnotic 
females If the gene for albinism (s*) be a third allele at 
the S~s locus, the hemizygous albinotie female can possess 
neither S nors A small group of albinotic females, derived 
from a different source®, were therefore crossed to a Rhode 
Island Red sire Some of the dams were heterozygous for 
I or Æ, or both genes However, among the resultant 
chicks which could be classified for basic down colow 
(those with columbian plumage pattern, ee), none was 
sılver male This proved only that the albmotic dams 
did not carry S, but ıb did not prove that they did or did 
not carry s. These same albinotic dams were then mated 
to a Light Brahma male (ee) in which both sex chromo- 
somes carried S and presumably Al The male offspring 
that were silver (S ?) and showed columbian pattern (ee) 
were then backcrossed to Rhode Island Red females (s- 
and ee) The resultmg progeny were all classifiable as 
silver or gold, or as albinos (females only) 

Among 2,492 progeny from the sıx J’, sires tested, the 
ratio of silver (S) to non-silver (s or albmo) was 1,248 to 
1,244 Among the 1,272 female chicks there were 657 
non-albmo silvers to 615 albmos , most of the latter showed 
a reddish tinge in ther down There were no gold females! 
If the orginal albmotic dams had carried gold (s) in 
addition to al, the F, sures would have been ‘heterozygous 
for both genes (S Al/s al) and there could have been a 
crossover to yield a gold non-albimotic pullet (s Al / -~) 
With the suggested map distance of 1 2 units between the 
two genes? there should have been at least 15 cross-overs 
Half would have been silver albmos which might not be 
distinguishable from gold albinos The others would have 
been gold females and there would be no doubt about 
classification The fact that none of these was found 
indicates that the gene for albmuism 1s an allele of S and s 

(b) Evidence of normal crossing-over on the sex chromo- 
some of sues heterozygous for albinism As the albinotic 
dams were rapid feathermg {k —) while the Light Brahma 
sire was slow feathering (KK), the F, males were therefore 
dihybrids, Kk, Sst The Rhode Island Red dams used 
to produce the back-cross progeny were gold and rapid 
feathermg (s k |] ~-—) Thus the presence in the F, males 
of the genes for rate of feathermg in the coupling phase 
with those for down. colour made ıt possible to determine 
from ther progeny the amount of crossing-over between 
the S and K loc: Classifications of all chicks were as 
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follows 
Parental types Cross-over types 
B SK őő — 574 Skéő — 17 
sk őő — 610 sK gg — 19 
SK92 — 651 Sk $$ -- 6 
alk? — 601 aK 22 — 14 
2,436 56 


Assuming that we are dealing with only two loci, the rate 
of crossing-over was 2 25 per cent, which agrees very well 
with Hutt’s* 2 8 per cent and Jaap’s* 13 per cent. The 
14 slow-feathering albimotic pullets are proof that crossing- 
over occurred between genes at these two loc: It seems 
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quite unlikely that if al les between S and k all the cross- 
overs would have occurred between al and k and none 
between s and al If al occupies a locus separate from 
that of s, but closer to 1t than Hutt’s data would suggest, 
then the existence of two separate loc: might not be 
established even with the analysis of more than 600 swt- 
able gametes 

The original albmotic females obtamed by Mueller and 
Hutt and by Cole both showed ghost barrmg and were 
probably sired by Barred Plymouth Rock males In each 
case the sex chromosome, coming from a Barred Plymouth 
Rock, would have included the gene S closely linked to al, 
if 1t were not m fact an allele of al However, in the 
case of the more recent mutation, all albinos tested (8) 
proved not to carry S While these were 2 or 3 generations 
1emoved from the origmal albmotic dam, it seems highly 
improbable that all would have been derived by crossing- 
over and show now a very close linkage of s to al 

On the basis of our present evidence we must conclude 
that Werret et al were correct ın their mterpretation that 
S, 8, and st form a series of three alleles on the sex 
chromosome of the fowl 
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PSYCHOLOGY 


An Ante-natal Determinant of Intelligence 


RELIABLE investigations of intelugence suggest that at 
least 75 per cent of mdividual vaiiations in ability are 
determined by inheritance The distribution of imtelli- 
gence appears to be best described by a Pearson type IV 
cuve? determmed mainly by polygenic factors 

It would appear now that much of the remainmg 
variance of mtelligence can be attributed to factors 
opeiatmg duimg the embryonic development of the 
individual One such factor appeais to be that of season 
of bwth as a reflexion of climatic conditions during 
plegnancy 

There have been in the past a number of investigations 
1eportung small but consistent associations between 
psychological performance and seasonal changes, including 
season of birth? Such mvestigations often mvolve more 
average ranges of ability than those to be described here 
Tt seems unlikely, therefore, that the latter results are 
only applicable to the basically low level of this sample 

I have examimed! a group of 188 adult subnormal 
patients with mtelliigence quotients rangmg from 40 to 69 
(the thud and fourth standard deviation ranges bolow 
the mean) It was found that birth m summer and 
autumn was significantly advantageous to subsequent 
intelligence performence compared with birth m winter 
and spiing 

Further exammation ievealed that this association 
between season of birth and subsequent mtellectual per- 
formance was probably a reflexion of the trend of climatic 
temperature during the whole of pregnancy Thus, 
relatively high mtelligence quotients were significantly 
associated with the number of embryonic months possess- 
ing a mean monthly temperature above that month’s 
mean tempeiature over the years Table 1 summarizes 
the intelligence quotient and climatic temperature data 
for this sample 
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Table 1 SEASONAL TEMPERATURE AND INTELIIGENCE QUOTITNT 


Summer Autumn Winter Spring 
No of subjects 46 45 47 50 
Mean intelligence quotient 571 546 §17 531 
Mean °F 56 5 55 6 409 42 3 
Mean diurnal variation °F 149 126 83 108 


The followmg example highhghts the 1esults obtained 
Out of the total sample of 188, 10 subjects had an embry- 
onic development with 8 or 9 months all above the 
respective mean monthly temperature. Of these 10 
subjects, 8 fell ın the 55-69 intelligence quotient range 
(third standard deviation below the mean) and only 2 in 
the 40-54 intelligence quotient range (fowth standaid 
deviation below the mean) 

From Table 1 ıt can be seen that between summer and 
winter births there ıs an average difference m intelligence 
quotients of more than 5 points It is possible that if 
appropriate weighting be given to (1) variations im 
chmate from year to year, (2) individual differences in 
exposure and susceptibility, then the effect of climate 
during pregnancy on subsequent intelligence might be 
more than 5 points of the intelligence quotient 

With chromosomal abnormalities, a somewhat similar 
result has been recently reported’ This investigation 
revealed a significant relationship between climatic 
temperature at the approximate time of conception and the 
incidence of mongol births to younger mothers 

From a survey of a number of investigations‘, a relation - 
ship has been claimed between season of buth and the 
incidence of psychosis (especially schizophienia) However, 
in & relevant examination’, I have produced evidence to 
suggest this might be an artefact of the noted association 
between intelligence and the season of birth Neverthe- 
less, one author? has found indications that factors during 
pregnancy, apart fiom climatic change, mght be a 
determinant of future deviant behaviour 

It is not known how chmatic ternperatme pieciely 
affects the embryo Further work is required on the 
precise nature of the temperature effect This 1s pre- 
sumably a matter of relative changes rathe: than absolute 
levels, but investigations in parts of the world with differmg 
modes of temperature variation to the British Isles would 
be of great interest For example, ıt can be seen fiom 
Table 1 that the amount of diurnal temperature variation 
18 positively associated with the mean temperature-level 
It 18 conceivable that the association between climatic 
temperature and intelligence 1s a 1esult of diurnal changes 
rather than seasonal ones There are, in fact, parts of the 
globe wheie the diunal range 1s greater in winter Such 
variations of cumate clearly offer ready-made experimental 
designs for mvestigations into human performance and 
their determinants The work recorded heie offers one 
application of such a conceptual framework 
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Number of Items presented and recalled as 
Determinants of Short-term Recall 


Tue percentage of 1tems correctly recalled from a 
sequence of items decreases as the number of 1tems in 
the sequence increases’? Two factors normally vary 
directly with mecreasmg sequence length number of 
items presented and number of items to be recalled 
When a twelve-item sequence was presented, Anderson? 
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found that mcreasing the nwnbei of items to be recalled 
from four to eight to twelve increased the rate of error 
Further investigation 1s necessary to determine if this 1s 
true substantially above the memory span The impor- 
tance of the number of items presented, independent of 
the number of items to be recalled, has never been 
adequately investigated The following experiments on 
short-term recall of sequences beyond the memory span 
were designed to determine the independent effects of 
both these factois 

Using a Wollensak (model 7'-1515-4) tape recorder, 24 
subjects were given sequences of digits presented approxi- 
mately at l/sec Subjects had a 25-see interval between 
the end of one sequence and the beginning of the next 
sequence ın which to record the digits im order in the 
appropriate boxes They were encouraged to guess, but 
they were not allowed to write down more items than the 
sequence contamed Subjects were run m two conditions 
In condition P16-R12, 16 digits were presented, but only 
12 were to be recalled The first, fifth, mnth, and thirteenth 
items were already typed in the appropriate boxes There 
were no repeats among the items that were typed-in In 
condition P12-R12, 12 items were presented, and all 
12 were to be recalled Each sequence ın condition 
P12-R12 was obtained by using the 12 digits to be 
recalled ın a corresponding sequence 1n condition P16-R12 
A one-second pause im presentation was used in place of 
each of the four deleted items Thus, both conditions had 
the same numbe: of items to be recalled and the same 
total time of presentation for the 12 1tems to be recalled 
Sequences were randomly selected subject to the con- 
stiamts that there were no runs of any digit, no forward 
or backward numerical sequences longer than two, and in 
P16-R12 the first, fifth, ninth, and thirteenth 1tems were 
different from each other All subjects received 24 
sequences in one condition followed by 24 sequences m 
the other condition, counter-balanced for order Two 
alternative sets of both length-16 and length-12 were used 
so that no subject recalled the same sequences of 12 digits 
m both conditions 

The data were analysed for ordered recall, item recall 
and position recall for items A subject’s report of an 
item 1s correct by an ordered recall criterion if, and only 
if, the correct item ıs recalled ın the correct position 
A subject’s report of an item 1s correct by an item recall 
eriterion 1f, and only 1f, 1t appears anywhere ın his .eport 
of the sequence in question When a digit is repeated in a 
sequence, a subject must report all occurrences of the 
item to obtain the maximum item recall score Position 
recall, independent of item recall, 1s obtamed by subtract- 
ing the item iecall errors from the ordered 1ecall errors, 
reducing the total number of possible errors by the same 
amount when computing the erior rate for position recall 


Table 1 ERROR RATES FOR P12-R12 AND P16-R12 (PER CENT) 


Condition Trials Ordered recall Item recall Position recall 

PJ2-R12 1-12 26 71 12 70 16 04 
18-24 19 07 10 10 9 98 
Total 22 88 11 40 12 97 

PIG-RI2 1-12 43 63 29 77 27 01 
13-24 41 63 20 68 26 47 
Total 42 63 21 70 26 73 


Table 1 reports the error rates fo. ordered recall, tem 
recall. and position recall for the first 12, second 12, and 
total 24 sequences in each condition The number of 
errors m condition P16-R12 was approximately twice as 
large as the number of errors in condition P12-R12 for 
ordered recall, item recall, and position recall All differ- 
ences between the two conditions were significant at well 
beyond the 0 001 level usmg a y? test Comparing the 
first 12 sequences with the second 12 sequences ın each 
condition, there were significant practice effects in ordered 
recall, item recall, and position recall for condition 
P12-R12 (P<0 001, y? test), but m condition P16-R12 
only the practice effect im item recall was significant 
(P<005, y? test) Items m condition P16-R12 were 


NATURE 


December Al, 1963 Vout 200 


analysed into two categories items identical to any of 
the 1tems typed-im and items different from the items 
typed-m in any givensequence The error rates for ordered. 
recall, 1tem recall, and position recall were computed 
separately for each of the two item categories m both 
P16-R12 and P12-R12 As expected, m P12-R12 there 
were comparable practice effects in both categones of 
items However, in P16-R12, the only significant practice 
effect was m item iecall of items identical to any of the 
typed-in 1tems When the number of items to be recalled 
is held constant, beyond the memory span, ıt appears 
that mcreasmg the number of items presented increases 
the number of errors substantially and diminishes :mprove- 
ment with practice 

Anderson? estabhshed significant differences ın short- 
term memory when four, eight, or twelve items were to 
be recalled out of twelve items presented The following 
experiment was performed to determine if there ıs a differ- 
ence in eror rate between recall of 12 and 16 items when 16 
items are presented 24 additional subjects were run in 
condition P16-R16 m which 16 1tems were presented and 
all 16 were to be recalled Half the subjects m condition 
P16-R16 were given 24 practice sequences before bemg 
given condition P16-R16 in order to make P16-R12 
equivalent in amount of practice to P16-R12 m the 
previous experiment Subjects were instructed to divide 
the sequence mto four groups since division mto four 
groups was achieved by the pauses in P12-R12 and the 
typed-in items ın P16-R12 This experiment was identical 
to the previous experiment in all othe: respects 

In P16-R16 the ordered recall rate of error for all 16 
items was 44 20 per cent, the ordered recall rate of error 
for the 12 1tems identical to the 12 recalled in P16-R12 
was 4513 per cent Neither of these rates of error was 
significantly different from the rate of error m P16-R16 
In P16-f16 the item recall 1ate of er101 for all 16 items was 
26 04 per cent; for the comparable 12 items it was 
2261 per cent The former figure was significantly 
greater than the item recall erro: ın P16-R12 (P< 0 05, 
xy? test); the latter figure wasnot In P16-R#16 the position 
1ecall erior rate for all 16 items was 24 55 per cent; fo 
the comparable 12 items ıt was 2910 pei cent Neither 
figure was significantly different from the position recall 
error rate in P16-R12 No significant mmprovement 
occurred with practice in P16-R16 Increasing the number 
of items to be recalled from 12 to 16 increased the rate of 
error, but not very much 

Se1ial position curves for ordered recall, item recall, 
and position recall were obtained by dividing the number 
of errors of each type at each position by the total number 
of errors of each type In all three conditions, prmacy 
and recency effects were obtained, with the point of maxı- 
mum difficulty being the position immediately prior to the 
middle of the sequence Superimposed on this overall 
serial position effect were four smaller serial position 
effects corresponding to the four groups into which subjects 
divided the long sequences ın each condition This 
grouping was the result of the pauses in presentation in 
P12-R12, the typed-in items m P16-R12, and instructions 
in P16-#16 

The first item to be recalled (second item presented) 
in P16-R12 had an error rate more comparable with the 
second item to be recalled (second item presented) than 
to the first 1tem to be recalled (first 1tem presented) ın 
both P12-R12 and P16-R16 It appears that the overall 
primacy effect in P16-R12 was influenced more by present- 
ation position than by recall position and was therefore 
greatly reduced The primacy and recency effects withm 
each group were consistently greater in P12-R12 than in 
P16-R12, presumably resulting from the additional item 
presented before and after each group in P16-R12 

Increasing the number of items presented from 12 to 
16 doubles the error rate, mereasing the number of 
items to be recalled from 12 to 16 has a much smaller 
effect Practice effects the overall serial position eurve 
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and within-group serial position curves are affected more 
by the number of items presented than by the number of 
items to be recalled, when the number of items presented 
and recalled ıs well beyond the memory span as ıt 18 ın the 
expermments reported here These findings suggest the 
general conclusion that the number of 1tems presented 1s 
a more important determinant of short-term memory 
above the memory span than the number of items to be 
recalled 

The decrement ın shoit-term recall produced by increas- 
ing the number of items presented and the 1elatively small 
improvement with practice suggests that human beings 
are not able to ignore an item that need not be 1emembered. 
when ıt 1s embedded in a sequence of items that are to be 
remembered Perhaps the item before the item that need 
not be 1emember:ed is automatically associated to the 
item that need not be 1emembered, and this unnecessary 
association competes with the necessary association 
between the two items surrounding the 1tem that need not 
be remembered Alte:natively, subjects may not even 
attempt to learn 12 1tem sequences m P16-#12 and may 
rehearse and recall these sequences the same as ordinary 
16 1tem sequences In either case ıt appears that the 
human short-term memory system is unable to ignore 
the extra items 

The relatively small effect of increasimg the number of 
items to be recalled from 12 to 16 contrasts sharply with 
Anderson’s findings for increases fiom four to eight to 
twelve? It appears that the number of items to be recalled 
1s @ much more important variable below or in the vicinity 
of the memory span than ıt ıs above the memory span 
Subjective reports suggest that there are two stages in 
short-term recall first, a rapid ordered recall output of 
those items of which one 18 surest and, then, a slower fiee 
recall output of those 1tems which one thinks were probably 
in the sequence The ordered recall mechanism 1s assumed 
to be more accurate than the free recall mechanism If 
there are these two semi-independent mechanisms for 
short-term recall, then the findmgs concernmg the 
importance of the number of items to be recalled suggest 
that the o: dered recall mechanism ıs much mote vulnerablo 
to mterference from the recall of prior items than 1s the 
free recall mechanism 

This work was supported by grant, MH 07726-01 from 
the US National Institute of Mental Health 
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Neural Effects and the Psychophysical Law 


THe claim that the true psychophysical law is a power 
function! instead of a logarithmic? law has led to a number 
of misunderstandmgs about the real significance of 
Stevens’s point of view 

Treisman? has tried to show that the so-called ‘stimulus 
function’ conceived to be both a power function and a 
logarithmic one His model involves the stimulus func- 
tion as a elation between. the stimulus-level and the level 
of central neural effects (C), the magnitude of which 
depends on the stimulus intensity, C=f(Z) To scale tho 
sensory magnitude in a ‘direct’ ratio-scaling procedure the 
subject ıs asked to report whether a variable stimulus 1s 
greater or less than twice the standard Such an instruc- 
tion to the subject mvolves a criterion to be met by the 
sensory magnitudes, with the scaling procedure leadmg to 
fixed ratios between the adjusted and standard stimulus 
intensities 
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On this basis, Treisman shows that two ceritera for tho 
central neural effects (C) may arse that is, his formule 
(3) O°/C’ = d = 2and (5) O” — O’ = 9 = log2 Depend- 
ing on the choice of the ‘stimulus function’ these criteria 
can be derived, tho first criterion 1s brought about by a 
power function and the second one by a logarithmic 
i1elation 

At this pomt m his model, Tieisman jumps from the 
subjective magnitudes to the values of the hypothetical 
central neural effects (C) Whether this ıs correct i» 
questionable 

In other words the criteria can be described as follows 
The hypothetic central neural effects (C) have to be 
adjusted until their values show up a 1atio of a factor 2 
The second eriterion asks for central neural effects which 
show up a difference in magnitude by the amount of log 2 
The first criterion seems i1ather sound in so far as the 
instruction is also expressed ın terms of making the 
variable stimulus twice the standard Thus, ın using this 
ciiterion one may hope that the central neural effects (C) 
aro related to sensory magnitudes in at least a propoi- 
tional way The second criterion, however, demands a 
constant absolute difference between the central neural 
effects to be in lme with the instruction of doubling the 
sensory magnitude Since the difference asked for 
amounts to log 2 in doubling the sensation, ıt seems as if 
the central neural effects (C) are logarithmically related to 
the sensory magnitudes Ifso, then jumpimg from sensory 
magnitudes to the cential neural effects 1s an unwarranted 
proposition 

The second criterion suggested by Treisman holds that 
the subject 1s able to compare central neural effects on an 
absolute scale and to derive conclusions from this com- 
parison with respect to the magnitudes of the sensation 
If true, the ratio scaling procedure leads to a proportional 
relation between the neural effect and the logarithm of the 
stimulus intensity However, this result does not warrant 
the logarithmical character of the psychophysical func- 
tion The psychophysical law ties to 1elate sensory 
magnitude and stimulus intensity 

Thus, the relation between the neural effects and the 
sensory magnitudes should be taken mto account. By 
the second criterion a proportionality between the neural 
effects (C) and the logarithm of the sensory magnitudes 
(S) 1s assumed, whereas the condition j = log 2 requires an 
equality C=log S Insertion of this equality into the 
‘stumulus function’ (formula (4)) C=h log I leads to a 
power function relating sensory magnitude and stimulus 
intensity 

In conclusion, the model suggested by Treisman 18 a 
valuable one towards solving the problems of matching 
abilities and ratio production in relation to neural events 
His ‘stimulus function’ is a useful concept to operate with 
if one 18 interested in information processing m the nervous 
system However, the ‘stimulus function’ cannot be taken 
as representative of the psychophysical relation betwecn 
sensory magnitude and stimulus mtensity 
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Tux question of the proper einpuical basis of the 
‘psychophysical law’ has caused much controversy It 
has been held that ‘indirect’? methods of scaling ‘sensa- 
tion’, such as cumulating 7 n d ’s, lead to log functions, and 
‘direct’ procedures to power functions, and aigument has 
usually been directed to showmg that one type of pro- 
cedure ıs better than the other, and therefore that one 
function but not the other, gives the ‘correct? measure of 


sensory magnitude However, it can be argued that this 
aim 18 misconceived! In either type of procedure the 
subject performs a sensori-motor task under instruction, 
and what we record, on conventional physical scales, aie 
the stimulus intensities (J) administered, and the responses 
(R) elicited These are the data and if we are to have 
something further to measure we need some model of the 
intelvening processes Perhaps the simplest model is 
that which assumes that when a stimulus is presented to 
the subject ıt produces a central offect, O, lawfully related 
to the stimulus mtensity, J, and that C functions as a 
measure of the stimulus, bemg used to determine the 
selection of the response, R C ıs thon related to I by 
a “stimulus function’, C = f(z), and a cotlespondmg 
response function or lawful procedure relates ıt to R 

Evidence on the relation of J to R, alone, 18 msufficient 
simultaneously to specify both functions; only if an 
arbitrary or conventional choice of one function 1s made 
can the data serve to determine the other Snee numbers 
do not here in events or objects, but are assigned by us 
in accordance with some iule, ow mmuitial specification of 
one of the functions 1s equivalent to the choice of a rule for 
scalmg C If we decide that when a response c1iterion 18 
reached we will consider that a constant increment (7) has 
been added to C, the stimulus function found will be 
logarithmic, if we assume that there has been a constant 
proportional increass (d) m O, a power function will be 
given; and this ıs true whether ‘direct’ or ‘imdirect’ pro- 
cedures are used, either law can be derived from either 
set of data, given the appropnate mitial assumptions 

Further, 1t was suggested that C should be taken as a 
measure we attach to an inferred neural effect of the 
stumulus 

To these arguments Horeman objects that ‘sensory 
magnitudes’ cannot be identified with central neural 
effects, when the subject is instructed to ‘double the 
apparent sensation’ (o1 some equivalent form of words) he 
applies this instruction to his sensory magnitudes (S) so 
that a doubling of S corresponds to an increment of log 2 
on the scale C = h log I, and C 1s then logarithmically 
related to, not identical with, S The ‘psychophysical law’ 
applies to S, not O, and has the form of Stevens’s power 
function? 

The difficulties in addmg an extra dimension, S, to 
which the instructions apply literally, and on which the 
subject operates, can perhaps best be illustrated by a 
‘thought-expernment’ We suppose we have to investigate 
not a human subject but an ‘automatic hght-selector’, 
consisting of a photometer linked to a computer with a 
programming device attached Lights of varying bright- 
ness are supplied to this apparatus, and from them ıb 
selects series of lights in accordance with a programme 
which is fed mto the programming device m English, and 
translated by ıt into instructions in machine language 
which control the working of the computer When we 
examine the hghts selected we find that they fall mto the 
series 10, 100, 1,000 millhlamberts The question now 
arises Does the photometer 1ecord milhlamberts and the 
computer select lights separated by a constant ratio of 10, 
or are log milllamberts recorded and lights selected at a 
constant interval of 1 log unit ? To discover the answer 
we might open the apparatus and inspect the photometer 
dial but we find that ıt has no scaleinscribed We could, 
if we wish, now calibrate the photometer, writing agamst 
the deflexion produced by the 10-mulllambert light ‘10’, or 
‘P, and against that for the next light ‘100’, or ‘2° and so 
on Whichever we do the hght-selector will work as well 
as before, and m no different a way, and we shall have 
solved our problem, arbitrarily, by the choice of a rule for 
inseribing numbers on the photometer dial, which rule we 
choose will determine our system of description, but both 
systems are equally valid 1f used consistently 

But now various objections might be raised Thus ıb 
might be argued “The programme controlling the com- 


NATURE 


December 2], 1963 


puter reads Starting with a hght of 10 mulllamberts 
select lights whose brightnesses inciease by aiatio of 10’— 
this indicates that the millilambeit scale is being used ”’ 
But this 1s a fact about the English programme only- tho 
programming device would give the same machino 
language translation to the instruction “Starting with a 
hght of 1 log mulldambeit select biightnesses at mtervals 
of one log unit’ In either case the compute: would work 
in the same way to select the same lights Thus the con- 
ventions which make ıt more likely that the English pio- 
gramme will use milllamberts than log miulhlamberts, and 
will ask for a hght to be doubled rather than increased by 
03 log units, are not evidence about the nature of a 
unique scale used by the photomete: Nevertheless, ıb 
might still be argued “the instructions call for brightness 
to increase by a constant ratio, the selector performs the 
task set it, therefore we can assume a dimension to which 
the instructions are applied, and ıt gives a measure of 
brightness in miullilamberts” If this argument leads the 
objector to calibrate the photomete: to agree with the 
form of instruction that happens to have been given ıb 

will not be any the less true that this 1s an arbitrary choice, 
an expression not of empirical compulsion but of senti- 
ment or convenience If1it leads him to conclude that the 
dimension used is not the essentially ambiguous photo- 
meter reading but some unobservable parallel system, this 
suffers the embarrassment of bemg highly unpaisimonious 

1t 18 apparent that the computer and photometer are there, 
operating, and quite able to account for all selections wo 
observe If1it leads him to expand the sequence J —= O -> 
R mto I —> C—> § — R, then S 1s either parallel to (with 
the difficulties above) or pait of the selector, in either case 
we aie no better off than before we must now write three 
functions, and to do so the available information, given 
by the relation of R to J, must be spread more thinly Two 
funcizons must arbitrarily be assumed before the data 
will specify the third, and ıt 1s clear that a large number 
of alternatives will be possible. 

The hght-selector 1s at best an analogy, and perhaps a 
false one, for the human subject in a scaling experiment, 
but it may demonstrate how far commonly acceptable 
scientific modes of argument will take us in a case of this 
sort, and illustrate that unless we are to suppose that the 
use of the word ‘sensation’ justifies us m usmg novel 
puneiples of reasoning, there 1s no good basis for postu- 
lating an extra dimension, S, additional to C It should 
be noted that the arguments about the nature of the 
stimulus and response functions hold whatever identifica- 
tion 18 givento C The suggestion that O should be taken 
as a measure of a neural effect rests on our knowledge that 
the neural apparatus is there, and that we have no reason 
to doubt that ıt 18 adequate to mediate all sensory effects 
on motor activity 

The argument given here does not imply that there can 
be no unambiguous ciiterion for choosing a scale for 
O—one can be evolved*—but that the conventional 
treatments of scaling data do not provide this It does 
not imply that no useful account can be given of the 
concepts subsumed under ‘sensation’, but that, despite 
their name and aim, sensory scaling experiments do not 
do this It 1s not meant to detract from the value of tho 
large body of very able experimentation that has been 
devoted to these problems by Stevens and othors?, only 
to develop their interpretation It ıs necessarily con- 
densed, but some points are dealt with more fully 
elsewhere! 
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FORTHCOMING EVENTS 


Saturday, December 28 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W 1), at 3 p m — 
Prof Ronald King ‘Energy’’ (first of the One Hundred and Thirty- 
fourth Course of six lectures adapted to a Juvenile Auditory Further 
lectures on December 31, January 2, 4, 7 and 9 } 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appomtments on or before 
the dates mentioned 

ASSISTANT BACTBRIOLOGIST, an ASSISTANT CHEMIST, and an ASSISTANT 
Loonomist—The Secretary, Edinburgh School of Agricuiture, West Mains 
Road, Edinburgh (December 28) 

BACTERIOLOGIST (with an honours degree or an equivalent qualification 
and preferably postgraduate experience in microbiology or the biological 
sciences) IN THE CENTRAL LABORATORY of the Milk Marketing Board for 
Northern Ireland, Belfast, to have special responsibility for the bacterio- 
logical aspects of the Board’s work, and to assist ın the running of the 
Board’s laboratory services generally—-The General Manager, Milk Market- 
ing Board for Northern Ireland, 456 Antrim Road, Belfast 15, Northern 
Ireland (December 31) 

DEMONSTRATOR IN THE DEPARTMENT OF BoTANY—The Registrar, Uni- 
versity College of Wales, Aberystwyth (December 31) 

JUNIOR LECTURER (preferably interested ın cytological or physiological 
aspects of vertebrate reproduction) IN ZooLOGY—The Secretary, Medical 
pce oo Bartholomew's Hospital, West Smithfield, London, E C1 

anuary 

SBNIOR LECTURER IN FORENSIC MEDICINE at the University of Singapore 
—The Secretary, Inter-University Council for Higher Education Overseas, 
29 Woburn Square, London, WC 1 (January 4) 

OHAIR OF SOCIOLOGY at the University of Ghana—The Registrar, Uni- 
versity of Ghana, PO Bos 25, Legon, Accra, or The Assistant Registrar 
Se aes University of Ghana, 15 Gordon Square, London, W C 1 (Janu- 
ary 6). 

LECTURER IN CIVIL ENGINEERING—The Registrar, The Umiversity, 
Sheffield (January 6) 

LECTURER (with a recognized degree in agriculture, or m1 pure science 
with agricultural or horticultural experience, and preferably a sound know- 
ledge of tropical crops, with some experience In plant breeding and selection) 
IN THE DEPARTMENT OF CROP HUSBANDRY AND HORTICULTURE, University 
of Ghana—The Registrar, University of Ghana, P O Box 25, Legon, Acera, 
or The Assistant Registrar (Overseas), University of Ghana, 15 Gordon 
Square, London, W C1 (January 10) 

SENIOR LECTURER and a LECTURER IN MATHEMATICS at the University 
College of Townsville, University of Queensland—The Secretary, Assocs- 
tion of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, S W 1 (London and Brisbane, January 10) 

SENIOR LECTURER or LECTURER (with a veteriary science degree or 
an honours degree in agricultural science with special reference to anunal 
husbandry, and preferably a knowledge m ruminant nutrition and pasture 
problems) IN ANIMAL HUSBANDRY at the Royal College, Nairobi—The 
secretary, Inter-University Council for Haigner Education Overseas, 29 
Woburn Square, London, W C 1 (January 10) 

UNIVERSITY LECTURER IN PURE MATHEMATICS—The Secretary of the 
Appomtments Committee of the Faculty of Mathematics, Arts School, 
Bene’t Street, Cambridge (January 11) 

SENIOR LECTURER IN PHYSICAL CHEMISTRY at the University of Western 
Austraha—The Secretary, Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, SW1 (Australia and 
London, January 15) 

LECTURER IN PHYSICAL CHMASTRY at the University of Sydney, Australia 
—The Secretary, Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S W 1 (Australia and London, 
January 16), 

LECTURER (with experience and mterest ın some aspects of plant physio- 
logy or biochemustry, preferably at the cell level) IN BoTany—tThe Secre- 
tary of University Court, The University, Glasgow (January 16) 

CENTRAL ELICTRICITY GENERATING BOARD FELLOW IN ENGINEERING 
Somncu, to engage in full-time research on a topie related to the scientific 
interests of the CE GB in the University Engmeerng Laboratory, to 
«assist m supervising research students in that Laboratorv, and to undertake 
a limited amount of teaching of undergraduates in the College—T'he Prin- 
eipal, Hertford College, Oxford (January 17) 

LECTURER IN PHARMACEUTICAL CHEMISTRY (Physical Chemistry) at the 
University of Sydney, Australia---The Secretary, Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mahl, London, 
S W I (Austraha and London, January 17) 

LECTURER (with an honours degree m some branch of chemistry and if 
possible the degree of Doctor of Philosophy) IN INORGANIC CHEMISTRY 
at the University of Queensland, Australia—The Secretary, Association of 
Commonwealth Universities (Branch Office), Marlborough Honse, Pall Mall, 
London, S W 1 (London and Brisbane, January 17) 

LECTURER or an ASSISTANT LECTURER IN PURE MATHEMATICS—The 
Registrar, University College of Swansea, Singleton Park, Swansea, South 
Wales (January 18), 

LECTURER (graduate m science or agriculture} IN AGRICULTURAL CHEN- 
ISTRY at the University of Sydney, Australia—The Secretary, Association 
of Commonwealth Universities (Branch Office), Marlborough House, Pall 
Mall, London, S W 1 (Austraha and London, January 24) 

CHAIR OF CIVIL ENGINEERING-——The Registrar, The University, Sheffield 
(January 27) 

CHAIR OF PLANT PHYSIOLOGY at Imperial College of Science and Tech- 
nolory—The Academic Registrar, University of London, Senate House, 
London, W Ca (January 27) 

LIBRARIAN (graduate with professional qualifications), to be in charge 
of a new college library- The Tutor, New Hall, Silver Street, Cambridge 
(January 27) 

ASSISTANT LECTURER IN THE MECHANICS OF FLUIDS in the Faculty of 
Science—The Registrar, The Umiversitv, Manchester 13 (January 31) 

CHAIR or CHEMISTRY, CHAIR OF PHYSICS, CHAIR OF BOTANY, and 
CHAM OF MATHFMATICS at the University College, Dar es Salaam, Univer- 
sity of East Afnca-—-The Secretary, Inter-University Council for Higher 
Education Overseas, 29 Woburn Square, London, W C1 (January 31) 

CHAIR OF NATURAL PuytosorHy—The Secretary, The University, 
Aberdeen (January 31) 
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CHAIR OF PURE MATHEMATICS, CHAIR OF PSYCHOLOGY and HEADSHIP 
Of THE DEPARTMENT, CHAIR OF BUILDING TECHNOLOGY, and CHAIR OF 
Soclotoagy—The Registrar, The University, Nottmgham (January 31) 

LECTURER IN BDUCATIONAL PsycHOLOGY—The Registrar, The Univer- 
sity, Manchester 13 (January 31) 

LECTURER or ASSISTANT LECTURER IN PHILOSOPHY at Fourah Bay College, 
The University College of Sierra Leone—The Secretary, Inter-University 
Council for Higher Education Overseas, 29 Woburn Square, London, W € 1 
(January 31) 

LECTURERS or ASSISTANT LECTURERS IN CHEMISTRY—The Secretary 
University of Lancaster, Bangg House, Lancaster (January 31) 

LECTURER (Grade II) IN THE DEPARTMENT OF INORGANIC CHEMISTRY— 
The Registrar, The University, Senate House, Bristol 2 (February 14) 

PROFESSOR OF PHYSIOLOGY-~The Secretary, University College, Galway, 
Republie of Ireland (February 20) 

FOUNDATION CHAIR OF MATHEMATICS {either Pure or Applied) at 
Wollongong University College--The Agent-General for New South Wales, 
56-57 Strand, London, WC2, and The Appointments Section, The Un- 
versity of New South Wales, Box 1, Post Office, Kensington, New South 
Wales, Australia (February 28) 

ASSISTANT MASTER TO TEACH MATHEMATICS at all levels—The Head 
Mastır, Wrekin College, Wellington, Shropshire 

MASTER TO TEACH Puysics--The Master, Wellington College, Crow- 
thorne, Berkshire 

RESEARCH ASSISTANT (graduate with an interest and experience in micro- 
biology, mycology and bacteriology) IN THE DEPARTMENT OF BIOLOGICAL 
SCIENCES, to undertake work on the taxonomy, ecology and serology of 
Pe a Registrar, Bradford Institute of Technology, Brad- 
or 

RESEARCH ASSISTANT IN THE CHEMISTRY DEPARTMENT, for work under 
Prof R M Barrer on the surface and colloid chemistry of apatite and of 
materials potentially of interest as dental restoratrves—Prof R M Barrer, 
F R S, Chemistry Department, Imperial College, London, S W 7 

RESEARCH ASSISTANT (with a good degree in zoology or microbiology, 
and preferably some experience mm electron microscopy) IN THE ELECTRON 
MICROSCOPE LaBoratory—-Dr R G Bird, London School of Hygiene 
and Tropical Medicine, Keppel Street, London, WC 1 

SENIOR RESEARCH FELLOW (with several years postgraduate experience) 
IN BIOCHEMISTRY IN THE DEPARTMENT OF PHARMACOLOGY—The Secretary 
Royal Free Hospital School of Medicme (University of London), 8 Hunter 
Street, London, WC 1 


REPORTS and other PUBLICATIONS 


(not encluded in the monthly Book Supplement) 


Great Britain and Ireland 


Imperial College of Science and Technology, (University of London) 
Calendar 1963-1964 Pp xi+459 Prospectus 1964-1965 Pp vwin+7244 
plates (London Imperial College of Science and Technology, 1963 ) {1010 

Ores and Metals a Report of the Ancient Mining and Metallurgy Com- 
mittee, Royal Anthropological Institute By H H Coghlan, J R Butler 
and George Parker (Royal Anthropological Institute Occasional Paper, 
No 17) Pp v+64 (London Royal Anthropological Institute of Great 
Brita and Ireland, 1968 ) 35s {1010 

Manchester Literary and Philosophical Society Memoirs and Proceedings, 
Vol 105, 1962-68 Pp 128+xhx (Manchester Manchester Literary and 
Philosophical Society, 1968 ) 31e 6d {1010 

Society for the Promotion of Nature Reserves Handbook 1963 Forty- 
sixth Annual Report for the year ending 31st March, 1963 Pp 44 (London 
Society for the Promotion of Nature Reserves, c/o British Museum (Natural 


History), 1963 ) 108 11010 
Nottingham and Nottinghamshire Technical Information Service NAN- 


TIS Handbook and Directory of Resources 1963 Edited and compiled by 
D W Bromley Pp 47 (Nottingham Centra] Library, 1963 ) 12s 6d [1010 
Chelsea College of Science and Technology Sixtv-seventh Annual Report, 
Session 1961-62. Pp 48 (London Chelsea College of Science and Tech- 
nology, 1963 ) [1410 
Ministry of Housmg and Local Government Model Water Byelaws 
1963 edition Pp 24 ls 6d net Circular No 57/63 Revised Model 
Byelaws for Preventing Waste, Undue Consumption, Misuse or Contamina- 
tionof Water Pp 6 8d net (London H M Stationery Office, 1963 )[1410 
Privy Counc]? Medical Research Counce: Monitoring Report Series, No 7 
Assay of Strontium-90 in Human Bone in the United Kingdom—Results 
for 1962, Part 2 Pp u+17. (London HM Stationery Office, 1963 ) 
Is 6d, net [1410 
Royal Observatory Bulletins No 76 Time and Latitude Service 1962, 


October-December Pp 3B138~B150 (London HM Stationery Office, 
1963 } 38 net [1410 
Building Research Station Digest (Second Series} No 39 Cellular 


Plastics for Budding Pp 6 (London HM Stationery Office, 1963 } 
4d [1410 


Bulletin of the British Museum (Natural History) Entomology Vol 14, 
No 4 A Revision of the Genus Deretrichia Weise (Coleoptera Eumolpidae) 
By alae Pp 153-198 (London British Museum (Natural merase 
1963 8 

The Experimental Harthwork on Overton Down, Wiltshire, 1960 Edited 
by P A Jewell (An Account of the Construction of an Earthwork to 
Investigate by Experiment the Wav in which Archaeological Structures are 
Denuded and Buried) Pp vir+10048 plates (London The British 
Assocation for the Advancement of Science, 1963 ) 25s , 450 dollars [1410 

Department of Smentifie and Industrial Research Automation at Low 
Cost, No 3 Control of guds Pp 12 (London Information Division, 
Department of Screntific and Industrial Research, 1963 ) 11410 

Crvil Engmeermg Research Counce) First Interim Report on Research 
ito the Design of Arch Dams Pp 20 (London Civil Engineering Research 
Council, 1963 ) [1610 

General Register Office The Registrar General's Quarterly Return foi 
England and Wales—-Births Deaths and Marriages, Infectious Diseases, 
Weather, Population Estimates, quarter ended 30th June 1963 (No 458, 
2nd Quarter 1963) Pp 24 (London HM Stationery Office, 1963 ) 
2s 6d net {1610 

Talent for Tomorrow By Ralph Smith and Robert Eddison (A Bow 
Group pamphlet ) Pp 68 (London Bow Publications, Ltd 1963 )4s [1610 

Department of Scientific and Industrial Research Symposium on Mineral 
Dust ın Industry, held at the British Ceramic Research Association, Decem- 
ber 19-21, 1961 Pp v+153 (London HM Stationery Office, 1963 ) 
22s öd net [1610 
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Overseas Development Institute, Ltd British Aid-—-1 Survey and 
Soaament Pp 63 (London Overseas Development Institute, Ltd 1968} 
Planning, Vol 29, No 476, (14 October 1963) A Development Plan for 
rong Pp 399-434 (London Political and Economie Planning, 190 , 
8 


Ashb Cranfleld Research Project. A Report on a Test of the Index on 
Metallurgical Interature of Western Reserve University By Jean Aitchison 
and Cyril Cleverdon (An eee supported by a grant to Ashb by the 
National Science Foundation) Pp x»1+270 (Cranfield The College of 
Aeronautics, 1963 ) [1610 

Philosophical Transactions of the Royal Societv of London Series A 
Mathematical and Physical Sciences No 1064, Vol 255, (3 October 1963) 
Non-Linear Diffuston 1 Diffusion and Flow of Mixtures of Fluids 2 
Constitutive Equations for Mixtures of Isotropic Fluids By J E Adkins 
Pp 607-650 (London ‘The Royal Society, 1963 ) 138 {1610 

United Kingdom Atomic Energy Authority Health Physics and Medical 
Drvision Report AERE—R 4384 Radioactive Fallout Short-Lived 
Fission Products in Air and Rain, August ee HA 1963 By È 
Cambrayand E M R Fisher Pp 1+32 (London M Stationery Office, 
1963 ) 58 6d net {2310 

British Broadcasting Corporation Engincering Division BBC Engin- 
eering Monograph No 50 New Methods of Lens Testing and Measurement 
Part 1 A Photo-Electric Lens Testing Bench By W N Sproson and K 
Hacking Part 2 A Method of Observing and Recording the Sources of 

lareina Lens By K Hackmgand J C Martm Pp 24 (London British 
Broadcasting Corporation, 19638 ) 5s {2310 

Trans-Antarctic Expedition, 1955-1958 Scientific Reports No 7 
Distribution of Surface Phytoplankton Between New Zealand and Antarctica, 
December 1957 By Vivienne Cassie Pp 1141 plate 7e net No 13 
Meteorology 1 Shackleton, Southice and the Journey Across Antarctica 
By J J La Grange Pp 8744 plates 42s net (London MTians-Antarctic 
Expedition Committee, 1963 ) [2310 

Department of Seientific and Industrial Research Hydrauhes Research 
Paper No 2 Charts for the Hydraulic Design of Channels and Pipes Bv 
P Ackers Second edition Pp vi+49 (London HM Stationery Office, 
1963 } 12s net 2310 

Cement and Concrete Association O & CA Translations No 103 The 
Schmargendorf Flyover in Berlin a Prestressed Concrete Bridge with Shell- 
like Structural Action By H Heusel (A translation of the article in 
German that appeared in Beton- und Stahlbetonbau, Vol 55, No 9, September 
1960 Translation made by © V Amerongen )Pp 21 20¢ No 104 White 
Concrete Kerbs and Margmal Strips By B Henk (A translation of the 
article in German that appeared ın Strassen- und Tiefbau, Vol 14, No 9, 
September 1960 ‘Translation made by C V Amerongen) Pp 22 208 
No 105 Concrete Technology and Measurement of Surface Regularity m 
the Construction of Concrete Roads By J Daum (A translation of the 
article m German that appeared in Strasse und Autobahn, Vol 12, No 9, 
June 1961 Translation made by C V Amerongen) Pp & 20¢ No 106 
Tests on the Glatt Bridge at Opfikon By A Rosli and H Hofacker (A 
translation of the article in German that appeared m the Fiftieth Annual 
Report (for 1960) of the Association of Swiss Cement, Time and Gypsum 
Manufacturers Translation made by © V Amerongen) Pp 9° 208 
(London Cement and Concrete Association, 1963 ) (2810 

Department of Screntific and Industrial Research Hydraulies Research 
Station The Calibration of Current Meters Pp 7 (Wallingford, Berks 
Hydraulics Research Station, 1963 ) [2310 

Annual Report and Accounts of the British Broadcasting Corporation, 
1962-63 Pp 1884-16 photographs (Cmnd 2160) (London HM 
Stationery Office, 1963) Js 6a net [2810 

Value for Money in Medicine By John and Sylvia Jewkes Pp vui+6l 
(Oxford Basil Blackwell, 1963 ) 6s 6d net, 1 dollar {2310 

Year Book of the Royal Society of Edinburgh 1963, (Session 1961-1962) 
Pp 144 (Edmburgh Royal Socrety of Edinburgh, 1963) 20% , 350 
dollars (2310 


Other Countries 


orld Health Organization Public Health Papers, No 21 The Staffing 
of Public Health and Outpatient Nursing Services By Dons E Roberts 
Pp 101 (Geneva World Health Orgamzation, London HM Stationery 
Office, 1963 ) 4 Sw francs, 68s 8d , 1 25 dollars [1010 
50 Thousand Birthdavs By Paul Field Pp 64 (La Selva Beach, Calif 
Saratoga Publishing Company, P O Box 53, 1962 ) 1010 
Science and the Universities By Dr D $ Kotharu (Address delivered 
at the Fiftieth Session of the Indian Science Congress, Delhi, October 7-10, 
1963 ) Pp 17 (Caleutta Indian Science Congress Association, 1968 ) [1410 
Proceedings of the California Academy of Sciences Vol 31, No 15, 
(September 10, 1963) Remarks on the Zoogeography of Philippine Terres- 
trialSnakes By Alan E Leviton Pp 369-416 Vol $1, No 16, (September 
10, 1963) Amphibians and Reptiles from Iran By Steven © Anderson 
Pp 417-498 Vol 32, No 11, (September 10 1963) Contribution to the 
Petrography of the Galápagos, Cocos, Malpelo, Cedros, San Benito, Tres 
Marias,and White Friars Islands By Charles W Chesterman Pp 339-362 
(San Francisco California Academy of Sciences, 1963 ) 11410 
Institutt for Atomenergi Kjeller Research Establishment Kjeller 
Report No 51 The “Kjeller Model” for the Dynamics of Coolant Channels 
in Boiling Water Reactors By K O Solberg Pp v+30+9 figures 
Heller, Norway Institutt for Atomenergi, Kjeller Research meena, 
1410 


Tea Research Institute of East Africa Annual Report for the year Woes 
Pp 43 (Kericho, Kenya Tea Research Institute of Kast Africa, 1963 )[1410 
Geological Survey of Tanganvika Bulletin No 35 The Mica Peematites 
of the Uluguru Mountains By D N Sampson Pp in+-74 Shs 5 Geologi- 
cal Maps—Quarter Degree Sheets No 20 Nyakahro No 23 ‘Bunda 
No 32 Geita No 215 Iringa No 245 Irambo (Dodoma Department 
of Geological Survey, 1961, 1962 and 1963 ) [1410 
United States Department of Commerce Weather Bureau Technical 
Paper No 47 Probable Maximum Precipitation and Rainfall-Frequency 
Data for Alaska for Areas to 400 Square Miles, Durations to 24 Hours 
and Return Periods from 1 to 100 Years Prepared by John F Muller 
Pp 11469 (Washington, DC Government Printing Office, tien ) 
16 


1 dollar 10 
United States Department of Commerce National Bureau of Standards 
NBS Handbook No 87 Clinical Dosimetry—Recommendations of the 
International Commission on Radiological Units and Measurements (1962) 
Pp vin+61 (ICRU Report 10d ) (Washington, DO Government Printing 
Office, 1983 ) 46 cents [1610 
Comptes Rendus des travaux du Laboratoire Carlsberg Vol 33, No 7-8 
On the Sensitivitv of Germinating Spores of Schizosaccharomyces pombe to 
X-rays By Esben Ditlevsen and Vagn Hartelus Abnormal Germination of 
Spores of Schwosaccharomyces pombe as a Result of X-ray Irradiation By 
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Esben Ditlevsen and Vagn Hartelius Pp 319-359+6 plates 10 kr Vol 33, 
No 9 Fifty Years of Hop Breeding at the Carlsberg Laboratory and 
Nordgaarden By Prof Ojyvind Winge Pp 361-376 3 kr Vol 33, No 10 
Growth in Mass and Respiration Rate During the Cell Cycle of 7 etrahymena 
purıforms By Arne Lovhe Pp 377-415 6kr Vol 33,No 11 Etude de 
la Liaison Testostérone-Sérumalbumine et Action de l’Heptane sur la 
Molecule de Sérumalbumine Par Annette Alfsen Pp 415-431 2kr Vol 
33, No 12 A Kinetic Model of Induced Division Synchrony m Tetrahymena 
ynformas By John R Cann Pp 481-453 4 kr Vol 33, No 18 The 
Digtributien of Lactic Dehydrogenase Isozymes in Stromal and Soluble 
Fractions of the Human Erythrocyte By J H R Kagiand Paul Ottolenghi 
Pp 455-462 1kr (Capenhague Danish Science Press, Ltd , 1963 ) [1610 
Annals of the New York Academy of Sciences Yol 105, Article8 Hffect 
of some Environmental Factors on Differentiation and Determination m 
Marine Hydrozoa, with a Note on Their Evolutionary Significance By 
Bernhard Werner Pp 461-488 (New York New York Academy of 
Sciences, 1963 ) 1 50 dollars {1610 
Southern Rhodesia Report of the Trustees and Directors of the National 
Museums of Southern Rhodesia for the year ended 31st December, 1962 
zp 22 (Salisbury ond Bulawayo National Museums of Southern 
Rhodesia, 1963 ) {1610 
Battelle Memorial Institute, Columbus, Ohio Can New Transportation 
Concepts Contribute to Economic Growth? Pp 8 (Columbus, Obo 
Battelle Memorial Institute, 1963 } {2310 
American Academy of Arts and Scrences, Boston Records of the Academy, 
1962-1963 (inchiding new members elected 8 May 1963 ) Pp 153 (Boston, 
Mass American Academy of Arts and Sciences, 1963 ) {2310 
Chicago Natural History Museum Fieldiana Anthropology Vol 36, 
No 12 (August 29,1963) Indian Sites and Chipped Stone Materials in the 
Northern Lake Michigan Area By Prof Lewis R Emford and George I 
Quimby Pp 277-807 (Chicago Chicago Natural History Museum, 1963 ) 
75 cents [2310 
United States Department of Commerce Weather Bureau Technical 
Paper No 2 Maarmum Recorded United States Pomt Rainfall for 6 
Minutes to 24 Hours at 296 First-Order Stations Prepared by A H Jennmes 
Pp eee (Washington, DC Government Prmtimg Office, 1068 T 
cents 
‘Transactions of the American Philosophical Society New Series, Voi 53, 
Part 6 Toleration and Diplomacy—The Rehgious Issue ın Anglo-Spanish 
Relations, 1603-1605 By Prof Albert J Loomie,S J Pp 60 (Philadelphia 
American Philosophical Society, 1963 ) 1 50 dollars {2310 
Service du Film de Recherche Scientifique, Pans Liste des Films de la 
Cinémathèque Pp 41 (Paris Service du Film de Recherche Scientifique, 
96 Blvd Raspail, 1963 ) {2310 
The New biology and the Nature of Man By Dr George W Beadle 
(Phoenix, Vol 2, No 1) Pp 20 (Ann Arbor, Michigan Michigan 
Memorial~Phoentra Project of the University of Michigan, 1968 ) {2810 
Yale Peabody Museum of Natural History Annual Report, No 4—1968 
Pp 60-+13 photographs (New Haven, Conn Yale Peabody Museum of 
Natural History, 1963 ) [2310 
South African Council for Scientific and Industrial Research Research 
Report No 192 School Gymnasia—Recommendations of the School 
Buildings Committee Pp 27 Research Report No 194 Planning Com- 
mercial High Schools Recommendations of the Vocational School Buildings 
Committee Pp v+43 (Pretoria South African Council for Scientific and 
Industrial Research, 1963 ) (2310 
Bulletin of the Museum of Comparative Zoology at Harvard College Vol 
129, No 6 The Neck Musculature of a Cryptodire (Detrochelys) and a 
Pleurodire (Chelodina) Compared By R V Shah Pp 343-368 Vol 129, 
No 7 Catalogue of Type Specimens in the Invertebrate Paleontological 
Collections of the Museum of Comparative Zoology, Arthropoda (Trilobita, 
Arachnida and Insecta excluded) By W D Ian Rolfe Pp 369-398+1 plate 
Vol 129,No 8 A Review of the Recent Freshwater Limpet Snails of North 
America, (Mollusca Pulmonata) By Paul F Basch Pp 399-461 Vol 
129, No 9 Studies on South American Anoles—Description of Anolts 
mirus, New Species, from Rio San Juan, Colombia, with Comment on Digital 
Dilation and Dewlap as Generic and Specific Characters in the Anoles By 
Ernest E Williams Pp 468-480 Vol 129, No 10 American Spiders of 
the Genus Theron (Araneae, Theridudae) By Herbert W Levi Pp 
481-589 +13 plates (Cambridge, Mass Museum of Comparative Zoology 
at Harvaid College, 1963 ) {2310 
Museum of Comparative Zoology at Harvard College Breviora No 187, 
(July 10, 1968) The Labyrmthodont Dentition By John Newland Chase 
Pp 18 No 188, (July 29, 1963) Redescription of some Cavernicolous 
Pseudoscorpions (Arachnida, Chelonethida) in the Collection of the Museum 
of Comparative Zoology By Witham B Muchmore Pp 16 No 189, 
(August 29, 1963) Notes on Amphisbaenids (Amphisbaenia, Reptalla) 
10 =Redesceription and Redefinition of 4 mphisbaena pericensis Noble from the 
Mountains of Northwestern Peru By Carl Gans Pp 15 (Cambridge, 
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Mass Museum of Comparative Zoology at Harvard College, 1963 ) [23810 
Smuithsontan Contributions to Astrophysics Vol 8, No 3 Type IY Solar 


Radio Bursts, Geomagnetic Storms, and Polar Cap Absorption (PCA) 
Events By Barbara Bell Pp 1-+119-131 (Washington, DC Govern- 
ment Printing Ofbce, 1963 ) 15 cents [2310 
Institut Royal Météorologique de Belgique Publications, Série B, No 39 
Du Test Vahdité d'Un Ajustement Basé sur les Fonctions de l'Ordre des 
Observations Par Dr R Sneyers Pp 17 Publications, Séne B, No 40 
Sur la Température Virtuelle et la Pression Virtuelle de PAir Humide Par 
Dr Dufour Pp 16 Observations Ionospheriques—Station de Dourbes 
Julet 1963 Pp 26 (Uccle-Bruxelles Institut Royal Météorologique de 
Belgique, 1968 ) [2310 
Kungl Sjofartsstyrelsen, Stockholm Lovo Geomagnetic Observatory— 
Year Book 1960 Pp 83 (Stockholm Kungl Sjofartsstyrelsen, 1963 )[2310 
Food and Agriculture Organization of the United Nations Encouraging 
the Use of Protem-Rich Foods By John Fridthjof Pp x+103 (Rome 
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Me ID g MICROSCOPES 


ACCLAIMED BY HOSPITALS 
AND UNIVERSITIES 


GREY OF 

NORWICH 
SPECIALISTS 
IN ALL TYPES 
OF MICROSCOPES 
AND ACCESSORIES 





Monoasporic (Isolation Equipment 


The new equipment, for Isolating a small portion of any semi-sohd preparation 
under steri#ity conditions, consists of a 10 x0 30 objective, isolator with capillary 
for picking up the specimen, and rubber bulb atr filter and tubing for ejecting it 
Meopta monosporic isolation equipment is particularly surtable for use with micro- 
scope C36 Bi {illustrated), which ts available with integral or refiected lighting 
systems 
Send for full detaHs of these and other Meopta microscopes and accessories ~ 
noted for their high performance and surprisingly low price, 


p. R. GREY LTD Instrument Division 


fa The Haymarket & 3 White Lion St Norwich NOR 45E Tel Norwich 23696 & 26819 











Admit it: 
we're talking sense 


We're talking about life assurance We're talking, in fact, about 
the oldest mutual life office the Society that laid the foundations 
of hfe assurance as it 1s known today The ‘Old Equitable’, 
founded two hundred years ago, has this about it 

It has no shareholders It pays no commission for the intro- 
duction of business This is how life assurance was originally 
conceived, and im preserving these co-operative principles, the 
‘Old Equitable’ provides life assurance at cost price 

The ‘Old Equitable’ 1s friendly and helpful, and ıt does a good 
job for your money For example, a quarterly payment of 
£17 12 6 secures a man of 25 an assurance of £3,000 sharing in 


% ty 


major profits and payable at death whenever that should occu~ + aes : y 
Such a policy taken out 50 years ago would this year yield over 5 a) Op Qitelit E ‘ 
£10,000 on the death of the life assured If you would like to ATR ae 
know more about the many kinds of assurance that the ‘Old Á : Gass t T. 
Equitable’ offers, please fill in the coupon below eae ee a ~ 


get in touch with the 


‘OLD EQUITABLE’ 





l The EQUITABLE Life Assurance Society : 
| t9 COLEMAN STREET, LONDON, E Cz 
| Immediate Annuities [] Personal Pension [] 
| School Fees [1 Income for Dependants [J 
| Life & Endowment [7] Children's Policy [C] 
NAME DATE OF BIRTH | 
(Block Letters Please) so n N, à 
| ADDRESS v | 3 it ; 
L 


JOHN MONCRIEFF:LTD :-PERTH = SCOTLAND 
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APPOINTMENTS VACANT 





UNIVERSITY OF MANCHESTER 


Applications are invited for the post of Lec- 
turer or Assistant Lecturer m Apphed Mathe- 
matics in the Department of Mathematics in the 
Faculty of Science Salary scales Lecturer, 
£1,250 to £2,150 per annum, Assistant Lecturer, 
£1,000 to £1,150 per annum, initial salary (at 
Lecturer grade) and status according to qualifi- 
cations and = experience Membership of the 
FSSU_ and Children’s Allowance Scheme 

Applications should be sent not later than 
January 15, 1964, to the Registrar, the Unpver- 
sity, Manchester 13, from whom further partutu- 
Jars and forms of apphcation may be obtamed 


UNIVERSITY OF LIVERPOOL 


RESEARCH ASSISTANT FOR WORK ON 
AVIAN ANATOMY 


Applications are invited for the above appoint- 
ment in the Department of Veterinary Anatony, 
University of Liverpool, with the possibility of 
taking a higher degree Candidates must be 
graduates and have either a veterinary qualifica- 
tion or an Honours degree in zoology 

Applications, with the name of one referec, 
should be submitted to the Registrar, University 
of Liverpool, not later than January 2, 1964, 
quoting reference number CV/484/N 


NEW ZEALAND 
AGRICULTURE DEPARTMENT 


Applications are invited for the undermentioned 
<acancy Vacancy B13/2/27/3674 , Technical 
Officer, Ruakura Salary Up to £1,580 a year, 
depending on qualifications and experience 
Qualifications desired FIMLT or equivalent 
with experience in diagnostic, microbiology, sero- 
fogy, and chnal pathology Experience m m- 
Stritcting and supervising junior staff 1s desirable 
Preference will be given to a person with know- 
ledge of organisms pathogemc for domestic 
animals Passages Fares for appoimtee and his 
wife and family, 1f married, will be paid Inci- 
dental expenses Up to £35 for a single man 
and £100 for a married man can be claimed to 
cover the cost of taking personal effects to New 
Zealand 

Application forms and general mformation are 
available from the High Commusstoner for New 
Zealand, New Zealand House, Haymarket, Lon- 
don, SW 1, with whom applications will close 
on January 17, 1964 Please quote reference 
B13 /2/27 {3674 when inquiring 











SYNTEX LABORATORIES, ING, 


NA 


SYNTEX is creatine a major research 
organization in Palo Alto, California, where 
new laboratories are under construction 
Applications are invited for the following 
positions within the group 


HEAD OF THE RESEARCH 
ANALYTICAL DEPARTMENT 


The successful applicant will have worked 
in steroid chemistry and will possess a prac- 
ucal Knowledge of current physical methods 
of analysis, mncluding chromatographic pro- 
cedures and ORD, UV, IR, and 
NMR Spectroscopy Evidence of excep- 
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SESE PEERS 


Research in Industry with 


ENGLISH ELECTRIC 


Nelson Research Laboratories, Stafford 


A number of interesting vacancres have arisen for Scientists and Engin- 
eers to join research teams at our laboratories, which are situated in 
green belt country two miles from the centre of the town Appli- 
cants should possess a good first degree or a higher degree , previous 
research experience is desirable but not essential Details of the posts 
are as follows 


PHYSICISTS 


with experience ın semiconductors for 

(a) Study of electrical surface effects 

(b) Device design, requiring knowledge of diffusion with epitaxial 
technology (Ref N9132) 


PHYSICISTS 


with experience ın magnetic materials, for investigation of their 
properties ın relation to electrical equipment design 


(Ref N913A) 
PHYSICISTS 


with interest ın plasma physics, hydrodynamics or allied subjects, 
for experimental work in connection with magnetohydrodynamic 
generation of electricity (Ref N913B) 


ELEGTRONIG ENGINEERS 


to design and develop circuits, particularly in the control of 
power supply systems (Ref N906B) 


INSULATION ENGINEERS 


with traming in physics or chemistry for investigation of gaseous 
liquid and solid insulation used ın electrical equipment 


(Ref 918A) 
MECHANIGAL ENGINEERS 


with mathematical interests for the investigation of problems 
such as heat transfer and stress analysis (Ref N917A) 


All these posts offer excellent opportunities, are pensionable and carry 
salaries commensurate with experience 

Please write, quoting appropriate reference number and giving full 
particulars of qualifications and experience to 


Dr. R. J. Benzies, Manager, Nelson Research Laboratories, 
Room 535, English Electric House, Strand, London, W.C.2. 
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tonal research capabihty and the ability 
to umutiate and develop research pro- 
grammes in these areas will be pre- 
requisites to selection The possession of, 
or ability to rapidly acquire, a specialized 
knowledge of NMR and mass spectro- 
scopy will be necessary 

This 1s an excellent opportunity for a first- 
class man to move into a dynamic com- 
pany 


SENIOR DEVELOPMENT CHEMIST 


Tins post calls for a hugh level of practical 
experience in development methods, to- 
gether with a broad knowledge of steroid 
chemistry The successful applicart will be 
required to supervise a group of qualified 
assistants, while the continued rapid growth 
of the company activities ensures oppor- 
tunities for promotion to greater responsi 
bilities 

Applications, with full particulars should 
be made to the Vice President m Charge of 
Research, Syntex SA, Ando Postal No 
2679, Mexico, D FE, Mexico 





DALHOUSIE UNIVERSITY 
INSTITUTE OF OCEANOGRAPHY 


Applications are invited for three academic 
posts—in Geophysics, tenable in the Physics De- 
partment, in Marne Geology and m Marne 
Chemistry—wittin which the appointee will con- 
duct research and undertake a hmited amount of 
formal teaching Appointment will be made at 
a rank and salary appropriate to qualifications 
For a recent Ph D the beginning salary 1s $7,000 

Address all correspondence and recommenda- 
tous to The Director, Instttute of Oceano- 
graphy, Dalhousie University, Hahfax, Nova 
Scotia, Canada 


UNIVERSITY OF SASKATCHEWAN 
DEPARTMENT OF ANATOMY 


Applications are invited for the position of 
Assistant Professor in Anatomy Salary range 
$7,000 to $9,300 according to expenence Ample 
epportunities for research in various fields Good 
research facihties 

Apply to chairman of the Department of 
Anatomy Saskatoon, Sask, Canada 





UNIVERSITY OF MANCHESTER 


Applications are invited for two posts of Lec- 
turer in Pure Mathematics in the Department of 
Mathematics ın the Faculty of Science Salary 
scale £1,250 to £2,150 per annum, initial salary 
according to qualifications and experience Mem- 
bership of the FSS U and chiidren’s allowance 
scheme 

Applications should be sent not later than 
December 28, 1963, to the Registrar, The Um- 
versity Manchester, 13, from whom further par- 
ticulars and forms of application may be 
obtained 


UNIVERSITY COLLEGE OF WALES 
ABERYSTWYTH 
DEPARTMENT OF BOTANY 

Applications are mvited for the post of Demon- 
Strator in the Department of Botany The salary 
will be in the range £800 to £900 per annum with 
membership of the Federated Superannuation 
System for Universities 

Forms of application may be obtained from 
the Registrar to whom applications should be 
made by December 31 


Decembe: 21, 1963 
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Vacancies for GRADUATES in 


PHYSICS 
MATHEMATICS 
METALLURGY 


There are vacancies at Harwell for graduates who are interested in working in 


one of the following fields 


NUCLEAR PHYSICS 





MATHEMATICS 


METALLURGY 


SOLID STATE PHYSICS 


THEORETICAL PHYSICS 


Basic research into nuclear structure and reaction mechanisms 
Objective research on nuclear cross-sections and other data for 
reactor calculations The comprehensive facilities available 
include the following accelerators 3 MeV Van‘de Graaf with 
nanosecond pulsing, 5 MeV Van de Graaf, 12 MeV Tandem 
Van de Graaf, 50 MeV Proton Lmear Accelerator, 170 MeV 
Synchrocyclotron and 28 MeV Electron Linear Accelerator 
producing neutrons from a sub-critical fissile target Research 
1s also carried out on the structure of liquids and solids, using 
neutron scattering and Mossbauer techniques 


Basic research into the electronic structure of solids Neutron 
beams, as well as conventional laboratory techniques, are used 
in the detailed investigation of magnetic and other solids 
Primary radiation damage processes in high purity matertals 
are investigated by resonance and optical techniques 


Research into the theoretical aspects of nuclear, solid state, 
liquid, and neutron physics problems Research 1s at present 
in progress on the structure of the nucleus, nuclear reactions, 
elementary particles, many body theory of the electron gas and 
of liquids, magnetism, neutron scattering from solids and liquids, 
dislocations, radiation damage, atomic cross-sections and phase 
transitions 


Research into numerical approximation, including applications 
of functional analysis, and related fields, and mto non- 
numerical applications of large computers, especially artificial 
mtelligence Research ıs at presen: ın progress on non-linear 
sub-spaces of function spaces, minimization techniques, differ- 
ential equations, linear algebra, quadrature methods, automatic 
optimization of computer programmes, and project analysis 


Basic and applied research into the structure and properties of 
materials used ın nuclear energy, including the effects of 
uradiation 


Applicants should possess a First-class or a good Second-class Honours degree in 
Physics, Mathematics or Metallurgy, and should preferably have had postgraduate 
research experience at a university or similar institution 

Depending upon age and experience, the initial salary for these posts will be within 
the range £850 to £1,900 (with the possibility of salaries within the range £2,030 to 
£2,835 for exceptionally well qualified scientists) 


Housing 


Superannuation Scheme 


If you would like further details please write to Personnel Department (A 5047/34), 
Atomic Energy Research Establishment, Harwell, Berks 





IMPERIAL COLLEGE 


Research Assistant required to take day to 
day charge of a research project on the mech- 
anical properties of metals and non-metals Good 
honours degree in any branch of technology and 
some research experience essential Commencing 
salary up to £1370 per annum according to 
qualhfications and experience, plus £60 London 
allowance, famuy allowances and FSSU 
benefits 

Apply m writing to Dr R D Hoyle, Mechan- 
cal Engineemng Department, Impena!l College, 
London, SW? 
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UNITED BIRMINGHAM 


HOSPITALS 
CHILDREN’S HOSPITAL, LADYWOOD 
ROAD, BIRMINGHAM, 16 


SENIOR GRADE BIOCHEMIST 


Required for Biochemistry Department Ex- 
penence m paediatne biochemistry or mero- 
analysis not essential The person appointed will 
be encouraged to specialize in some aspect of the 
subject Good facilities are avatlable for bio- 
chemical investigations im cardiac surgery 

Apply, giving two referees, to Dr D N Rame 


UNIVERSITY OF LONDON 
CHAIR OF PLANT PHYSIGLOGY AT 
IMPERIAL COLLEGE OF SCIENCE AND 
TECHNOLOGY 

The Senate imvite applications for the Chair 
of Plant Physiology at the Impenal College of 
Science and Technology (salary not less than 
£2,900 a year plus £100 London allowance} 

Applications (ten copies), must be received not 
later than January 27, 1964, by the Academic 
Registrar, University of London, Senate House, 
WC, from whom further particulars may be 
obtamed, 









Harwell 


NATURE 


Irradiation 
of Solids 


We have vacancies in the Irradiation Branch of the 
Harwell Metallurgy Drvision for Physicists and Metal- 
lurgists with interests ın the Solid State field 


Successful candidates will become members of an active 


group studying the behaviour of radiated solids 


The 


problems call for an understanding of the formation of 
atomic crystal defects and their behaviour and influence 
upon the macroscopic properties of the solid experience 


of irradiation behaviour 1s not, 1n itself, essential 


Every 


encouragement will be given for original research for 
which there are excellent facilities, includmg a wide 
range of modern equipment, e g , high resolution electron 
microscope, micro-probe-analysers and accelerators 


Applicants should possess a First-class or a good Second- 
class Honours Degree in Physics or Metallurgy Depend- 
ing upon age and experience, the initial salaries for these 
posts will be within the scales 


SCIENTIFIC OFFICER £850-£1,405 p.a. 


SENIOR SCIENTIFIC OFFICER 
£1,540-£1,900 p.a. 


Authority Housing : 


Superannuation Scheme 


Please send a POSTCARD for application forms to 


PERSONNEL DEPARTMENT (A 5044), 


ATOMIC 


ENERGY RESEARCH ESTABLISHMENT, HAR- 


WELL, BERKS 


+ 


THEORETICAL 
PHYSICIST 


The AEI RESEARCH LABORATORY, RUGBY, 
requires a thecretical physicist for work ın the field 
of solid state physics, m collaboration with a group 
of expertmental physicists engaged on problems 


associated with semiconductor devices, with lasers 
and with thermoelectric applications 

Applicants shculd have a good honours degree or 
PhD, together with postgraduate experience in 
theoretical physics and a keen interest in the appli- 
cation of scientific theory to the solution of 


problems of industrial importance 
should be addressed to 


Director of A.E.I. Research Laboratory, 


AEI 
RESEARCH 


Applications 


Rugby, Warwickshire. 


UNIVERSITY OF READING 
DEPARTMENT OF PHYSICS 
Applications are invited for a Lectureship m 
Experimental Physics, the appomtment to date 
from October 1, 1964, or earler 1f possible 
Further particulars may be obtained from tre 
Registrar (Room 22, ORB), The Unversity, 
Reading, by whom applications should be re- 
ceived not Fater than January 15, 1964 It s$ 
that more than one appointment will te 
made, 





UNIVERSITY OF MANCHESTER 

Applications are invited for the post of Assis- 
tant Lecturer in the Mechanics of Fluids ın the 
Faculty of Science The salary scale is as fol- 
lows £1,000 to £1,150 per annum Membership 
of FSSU and children’s allowance scheme 

Appheations should be sent not later than 
January 31, 1964, to the Registrar, The Uni- 
versity, Manchester, 13, from whom further par- 
ticulars and forms of application may be 
obtamed 





December 21, 1963 





AUSTRALIA 
UNIVERSITY OF NEW SOUTH WALES 


invites applications for appomtment to the 
position of 


ASSOCIATE PROFESSOR 
SCHOOL OF ELECTRICAL ENGINEERING 


Salary will be not less than £A3,455 per annum 
(subject to cost of living adjustments) Appli- 
cants must hold a higher degree and preference 
will be given to specialists in the field of power 
enginecring An snterest and experience im 
energy conversion, the optimization problems of 
the power industry and the control of power are 
desirable The successful applicant will be re- 
sponsible to the Head of the School, Professor 
R E Vowels, for the development of research 
and graduate courses m the power field The 
School of Electrical Engineering has recently 
moved to a new building on the Kensington site 
Further details may be obtained from the Head 
of the School of Electrical Engineering, Pro- 
fessor R E Vowels Subject to the consent of 
the University Council, Professors may undertake 
a limited amount of higher consultative work 
The University reserves the right to fill the posi- 
tion by invitation ~ 

Prospective applicants should write to the 
Agent-General for New South Wales, 56-57 
Strand, London, W C2, for details of conditions 
of appointment, including travel arrangements, 
superarnuation, study leave, housing scheme 
Four copies of applications should be forwarded 
together wiih the names of three referees and a 
recent photograph to reach the Agent-General 
before January 31, 1964 One typed copy of the 
application should be forwarded by airmail to 
the Appomtments Section, The University of New 
South Wales, Box 1, Post Office, Kensington, 
NSW, Austraha, to reach there before the 
abovementioned date 





UNIVERSITY OF QUEENSLAND 
UNIVERSITY COLLEGE OF TOWNSVILLE 
The University invites applications for the posi- 
tons of 

SENIOR LECTURER “AND LECTURER IN 

MATHEMATICS 

in the University College of Townsville These 
are new posts to be estabhshed in 1964 The 
University College fs situated m Queensland's 
second largest city, and has entered on a penod 
of rapid development Full degree courses will 
be available in a number of Faculties m 1964 
and further development and expansion of the 
College 1s planned for the immediate future Ap- 
plicants should have an honours degree in mathe- 
matics and preferably some postgraduate study, 
their specia! field of interest may be in Pure 
Mathematics or Appled Mathematics The 
salary range for Senior Lecturer 1s £A2,670 by 
£A100 (4) by £A130 (1) to £A3,200 and for 
Lecturer £AJ,850 by £A100 (7) to £A2,550 In 
addition a northern allowance of £A30 per annum 
wil be payable The University provides 
FSSU_ type superannuation, housing assistance, 
study leave and travel grants 

Additional tnformation and application forms 
will be supplied upon request to the Secretary, 
Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pali Mall, 
London, SWt  Apphecations close m London 
and Bnsbane on January 10, 1964 


IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 
CHEMISTRY DEPARTMENT 

Applications are invited for a Research ASSIS» 
tantshp for work under Prof R M Barrer on 
the surface and colloid chemistry of apatite and 
of materials potentially of terest as dental 
restoratives Salary £1,000, rising by £50 per 
annum over a five-year period, plus £60 London 
ane family allowances, and ESSU bene- 

ts 

Applications, giving full academic background 
and naming two referees, should be sent to Prof 

R M Barrer, ERS, Chemistry Dept , Imperial 

College, Imperial Institute Road, London, SW 7 





ORGANIC CHEMISTRY 


There 1% a vacancy in the Research 
Laboratories of Vitamuns Limited for work 
in the field of natural products Appir- 


cants should be of good degree standard 


or GRIC, preferably with some experi- 
ence, essentially with a high standard of 
knowledge and interest in thew subject 


Applications, giving brief details of career 
to date, should be sent to Assistant Per- 
sonnel Manager, Vitamins Limited, Upper 
Mall, London, W 6 
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delivery 
anywhere, 
at the 
right 
time... 


Good quality, 
reliable delivery, 
and wide variety f l i KESI f 
are essential yè 
in supplying 
radioactive chemicals 
and sources. 

The Radiochemical 
Centre provides these 
at reasonable cost. 


Write for our catalogue of 


“Radioactive Products”. 





ya THE RADIOCHEMICAL CENTRE 


ix 
BAplOCHEMICALS 
‘ AMERSHAM, BUCZEINGHAMSHIRE ENGLAND 


aK WORLD CENTRE FOR DEPENDABLE EBADIOCHEMICALS 







Telephone: Little Chalfont 2701 Telex: 83141 Active Amersham Cables: Actieity Amersham Telex 
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NEW VACUUM 
PRODUCTS 


1 in 1963 we added 36 new vacuum products to our 


range .. . the sign of a progressive research and 
development organisation. In 1964 this already heavy 
programme will be expanded... why not visit our 
stand for a preview ? 

The illustration shows a researcher in our Surface 
= Physics Laboratory engaged on studies of contami- 
nation of ultra high vacuum systems. The results of 
his work, and that of his many colleagues in our 
extensive research laboratories, will contribute to 
the design of some of the equipment which will be 
exhibited at the 1964 exhibition. 


ANNUAL EXHIBITION OF SCIENTIFIC 


INSTRUMENTS AND APPARATUS 


JANUARY &th-9th 1964 
ROYAL HORTICULTURAL HALLS, VINCENT SQUARE, S.W.1. 
OUR ANE a ee. Rag 


EDWARDS HIGH VACUUM LTD 





SOME NEW 
SPEEDIVAC PRODUCTS 
INTRODUCED IN 1963 


ROTARY PUMPS 
MODEL ES35 
MODEL ED35 


VAPOUR PUMPS 


‘MODEL E02 OIL PUMP 


OCB? PELTIER BAFFLE 


INSTRUMENTS 
SERIES 8 PIRANI GAUGE > 
COMBINED ION-PIRANI GAUGE 


OMEGATRON MASS SPECTROMETER | 
FILM THICKNESS MONITORS > : 


ACCESSORIES 

NEW SOLDERLESS PIPELINE 
COUPLINGS 

VITON 'O' RINGS 


PLANT 

6” ULTRA HIGH VACUUM PUMPING 
GROUPS 

WATT-TYPE MICRO STILL 

PEARSE TISSUE DRYER 

HIGH TEMPERATURE FURNACE 
MODEL 18A8 AA MRO RTE iy 
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1. Flow electrode assembly designed for rapid buffering 
2. Flush-mounting industrial amplifier with 11% scale 
3 Laboratory pH meter Discrimination and accuracy 0 001 pH 
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W. G. Pye & Co. Ltd, 
York Street, P.O. Box 60, 
Cambridge. 


Telephone Cambridge 58866 
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From the world’s most accurate pH meter to an incomparably rugged 
flame-proof industria! pH amplifier, from an unequalled range of pH 
electrodes to entirely comprehensive process contro! systems—Pye 
approach every aspect of pH measurement with massive know-how — 
give you Pye Precision every time 

Ten different Pye pH meters and more than 200 different Pye Ingold pH 
electrodes permit a perfect measuring system to be tailored for any 
application Pye engineers and chemists with extensive laboratory 
facilities for chemical analysis and process simulation will examine any 
problem involving pH. They can recommend the most suitable labora- 
tory equipment and can design and install, or commission, complete 
systems for industrial pH monitoring and control. To ensure optimum 
performance over the years, Pye provide regular contractual maintenance 
inthe U K and Pye Agents provide similar facilities in many parts of the 
world A short-form catalogue, application sheets and technical data 
can be sent to you today 
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DOUBLE AND SINGLE SPINDLE LAPPING MACHINES 
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SINGLE SPINDLE MODELS 


MODEL LMS 50 
Grinding Plate dia 6” 


MODEL LMS [00 
Grinding Plate dias 87, 10%, 12” 
and 15” 


MODEL LMS 400 
Grinding Plate dias 18” and 24” 


Robust Steel Fabrication 
Waterproof Stove Enamel 
Finish 

Taper Roller Bearings 
Totally Enclosed Motor 


Waterproof Push Button 
Control 


Drop on Taper Plate 
Location 
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DOUBLE SPINDLE 
MODEL 


MODEL LMS 200 


Grinding Plate dias 8’, 107, 
12” and 15” 
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PRYSIAS DEPARTMENTAL LIBRARY 


ADMINISTRATION OF EDUCATION AND CIVIL SCIENCE 
IN BRITAIN 


HILE the main pioposal of the Trend Report” for 
a fundamental :eorganization of the Department of 
Scientific and Industrial Research 1s logical and has much 
to commend ıt ın practice, when the Committee examines 
the position and functions of the Minister for Science, its 
proposals are more open to question Those proposals 
are intended to discharge the second and thnd parts of 
the Commuttee’s terms of i1eference to consider the 
arrangements foi determming with appiopiiate advice 
the relative mmportance in the national interest of the 
claims on the Exchequer for promoting ervil scientific 
research m the various fields and the changes that may 
be needed in the a11angements for financing the agencies 
concerned and accounting fo. then expenditure The 
Committee seems to have beon content, however, to 
accept a view of the functions of the Lord President of 
the Council in regard to mtelligence and research put 
forward m the Haldane Report without any searchmg 
enqury as to the magnitude of subsequent changes in 
the relations between science and Government, or an 
expressed coherent view as to the part science and tech- 
nology play ın the State to-day It admuts, indeed, 
that the division of functions should be kept under 
regular review and. in particular, that the whole admims- 
tiative stiucture should be scrutinized regularly and 
frequently by an authoritative body Another generation 
and a half should not be allowed to pass without such a 
review. but ıt seems a httle naive to suggest that an 
mternal body such as the new Advisory Council could 
contribute significantly in this respect 
The structure proposed in the Trend Report ıs based 
on the principle of a separate autonomous agency for the 
conduct of research and the pattern of such agencies 1s 
to be rearranged to cover the whole field of e1vil scientific 
activity with effective supervision by the Minister for 
Science Neither he nor his advisers, however, should 
seek to mfluence the scientific judgment of the research 
agencies acting within then respective terms of 1efe1ence 
and within the resources made available to them The 
tiadition that the Minister for Science does not mtervene 
in the exercise by the Research Councils of scientific 
judgement withm theu own fields 1s fully endorsed 
On the othe: hand, the Trend Committee beheves 
that the Minister should be given wider powers to enable 
him to play a moire positive and effective part than 
hitherto m promoting scientific research and development 
This meludes, first, the encouragement of conditions in 
which research can flourish and ıts results be put rapidly 
to use It1s here that the recommendations of the Tiend 
Committee ımpınge on those of the Robbins Committee t, 


* Committee of Enquiry nto the Organization of Caml Smence Pp 59 
Cmnd 2171) (London HMSO,1963) 4s net (See also Nature, 200, 
1029, 1963) 

+ Committee on Higher Education, Higher Education Report of the Com- 
mittee appomted by the Prime Mimster under the Chairmanship of Lord 
Robbins Pp xvit335 (Cmnd 2154) (London HMSO , 1963) 15s 
net (See also Nature, 200, 925, 1963 ) 


and the Tiend Committee considers that thero would be 
obvious advantages m vesting 1esponsibility for ngher 
education and responsibility for ervil scientific pohey in 
one and the same Minister 

Leaving that pomt for the moment, the Committee 
recommends that the Mimiste: for Science should assume, 
and discharge to Parliament, the iesponsibility foi 
assessing the financial requuiements of the agencies, for 
settling with the Treaswy the funds to be made available 
for cıvıl research and development and for allocating these 
funds among the agencies In the view that ıb urges mm 
this Report, the Trend Committee 1egaids 1t as essential 
that the Vote arrangements should enable the Ministe1 
to exercise 1eal and effective supervision ove: the whole 
field, but they should not be such as to mvolve the 
individual agencies in a greater degree of accounting 
responsibility than 1s compatible with the freedom of 
action implicit m the concept of a grant-m-ad The 
Minister should also assume general responsibility for 
keeping the whole field of scientific reseaich and develop- 
ment under continuous review, to ensure that deficiencies 
are made good, that unnecessary duplheation is avoided 
and that the bioad deployment of effort over the whole 
field 1s in accordance with the national interest 

While here the Mimuste: would have the assistance of 
the reconstituted Advisory Council, what 1s proposed 
represents a fundamental break from the negative attitude 
which has hitherto characterized the Minister for Scrence 
A mote positive attitude ıs also advocated in the recom- 
mendation that would make the Mimuister responsible for 
the Government’s relations with learned bodies m the 
field of scientific research, particulaily the Council of the 
Royal Society, and also for the Government’s mternational 
relations in scientific matters, including the appomtment 
and contiol of scientific attachés This last-mentioned 
aspect 18 a more appropiate and logical arrangement 


‚than that which has prevailed in the past, but, taken 


together the proposals repicsent a very considerable 
increase m responsibilities for the Mimster for Science 
Even if he 1s divested of all extraneous responsibilities 
1t 1s legitmmate to ask whether ıt 1s sound to concentrate 
virtually all the responsibilities for science in a single 
Ministry 

This question 1s not examined by the Trend Committee 
nor does that body consider the strengthening of the 
provisions for scientific advice and reseach withm the 
various Government departments Obviously, such 
departments as the Post Office end the Ministry of Defence 
cannot function without effective means for handling 
scientific matters mteinally The appomtment of a 
director of Research and Development in the Ministry 
of Public Building and Works and the Trend Commuttee’s 
own obse: vations :egarding the Ministiy of Transport and 
the Road Research Laboratory show that the Committee 
was fully aware that there may be other departments which 
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would benefit by arrangements to facilitate more effective 
contact with science It would seem logical that the 
Minister for Scrence and his Advisory Council should have 
advisory 1esponsibilities in science to the Cabinet in 
general as well as to the dividual depaitments 

Is it then practical to Imk responsibility for mgher 
education with responsibilty for civil science? The 
Robbms Committee proposed to place the Research 
Councus under a Minister fo. Arts and Science, along with 
the University Giants Committee and othe: autonomous 
State-supported activities administered on similar prm- 
ciples The Robbins Committee was agreed, in particular, 
that the colleges of advanced technology should be granted 
the status of technological universities—a recommendation 
that the Government has already accepted—and that, 
accoidingly, these institutions should be admmustered on 
the grants committee prmeiple Since the Robbins Com- 
mittee had been mformed ın evidence that the Tieasury 
would not feel ıt appropiiate to assume responsibilty for 
additional institutions, a change mm munisterial responsibil- 
ity 1s obviously involved, unless the two sets of institutions 
are to be the responsibilty of different Mimisters, with 
obvious detriment to the hope of unified policy and the 
disappearance of differentiation 

The Robbms Committee, for various reasons given m 
the Report, did not view with favou grvmg respon- 
sıbılty for the University Grants Commurttee to a non- 
departmental Minister, nor was the majouity m favour 
of placing all responsibility fo. education on one Minister 
It considered that the area of responsibility would be too 
wide and that the methods and problems of higher 
education differed so considerably from the methods and 
problems of education in the schools as to call for recog- 
nition of thew differences in the articulation of tho 
organization of Government The Robbins Committee 
did not share tho fears that many umversity teachers 
have expressed as to the effect of placing the Unrversity 
Grants Committee under the Munster of Education, but ıt 
attached much weight to the concern of the main institu- 
tions of higher education with the preservation and 
advancement of knowledge It1is this organic connexion 
of the universities with othe: forms of organized research 
that led ıt to suggest that they should be Imked with 
the Research Councils and the Arts Council in the alloca- 
tion of mimistenial responsibility 

The Mimistry for Arts and Science, creation of which 1s 
recommended by the majority, would not, however, be 
responsible for the work of the non-autonomous sector of 
further education ın the technical and other colleges of 
further education However, advanced work m these 
institutions would be related to that in the autonomous 
mstitutions through the creation of a new Council for 
National Academic Awards, with the power to award 
degrees For Scottish mstitutions, the Commuttee recom- 
mends a special relationship between the new Minster 
and the Secretary of State for Scotland. The prime 
responsibility for co-ordination over the whole field of 
education would 1est with the three Mmusters and ther 
departments, advised on specific questions by national 
advisory bodies, but the Robbins Committee also recom- 
mends the establishment of a small Consultative Council 
to which Ministers can remit questions concerned with 
higher education as a whole as well as 1ts relations with the 
schools 

It 1s obvious from the argument of the Robbins Report 
that a real stumbling block to a single Minister of Educa- 
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tion 18 the special position of Scottish mstitutions, and, 
though this is not mentioned, the sensitivity or hyper- 
sensitivity of some sections of opimon m Scotland. That 
manifestly must be taken mto account, however irrational 
some of its manifestations may appear, if a workable 
scheme 1s to be devised, nor 1s 1t disregarded by Mr H C 
Shearman in the “Noto of Reservation” m which he sets 
forth his i1easons for preferrmg a single Minister: of 
Education with one or two Mimsters of State to assist him 
This Minister would take over the present sphere of 
responsibility of the Mimister of Education and that of the 
Chancellor of the Exchequer for the University Grants 
Commuttes and possibly some of the other functions 
suggested by the majority of the Robbins Committee 
(Mr. Shearman does not specify research), but he would 
be at the head of a new department for which a forward- 
looking outlook might be expected He would presumably 
adopt the admunistration styles appropriate to the different 
parts of the wide field which he would be called on to 
serve, and devolution should be the keynote of his 
Ministry 

Hero Mr Sheaiman strikes the right note and one that 
should characterize any form of Ministerial 1esponsibility 
which may be finally adopted m respect of either educa- 
tion or scientific research The Ministiy—or Ministries— 
should be forward-looking and in function and structure 
appropriate to the purpose to be served Furthermore, 
it will be noted that one reason why Mr Shearman 
prefers to see a single Ministry of Education is that he 
wishes to see the universities providing the leadership 
and inspiration that they are umquely qualhfied to give 
The chosen airangements must provide for this loader- 
ship as well as foster the sense of common purpose and 
continuity which all members of the Robbins Committee 
alke desiderate, and here Mr Shearman in particular 
refers to the mmportance of associating the resources, 
experience and goodwill of the local education autho- 
1t1es 

The arrangement preferred by Mr Shearman 1s very 
sunilar to that advocated m a Bow Group pamphlet by 
R Smith and R Eddison, Talent for Tomorrow (Nature, 
200, 1162, 1963), whereas his colleagues favour rather the 
type of structure proposed by a Fabian Group in a 
pamphlet, The Structure of Higher Education (Nature, 
194, 802, 1962), which was submitted im evidence to the 
Robbins Commuttee, but which the Bow Group expheitly 
rejects The need for greater integration m the adminis- 
tration of research leads the Bow Group instead to favour 
a single ministry responsible for both education and 
research The Bow Group suggests accordingly a Minister 
of Education and Research, advised by an Honorary 
Council on Higher Education and supported by separate 
Councils for Technological and Commercial Education 
and for Professional Education, including teacher traming 
The Minister would also be provided with common 
services in the form of a statistical office, an educational 
building office and an educational research centre How- 
ever, while the University Grants Committee would be 
responsible directly to the Mimster, he would have under 
him two Musters of State, one for schools and further 
education covermg the present branches of the Ministry 
of Education for England and Wales, and the other for 
science and research, to whom the existing Research 
Councils would be responsible 

Such an arrangement could take care of the proposals 
of the Trend Committee reporting the Research Councils 
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and might mvolve fewer difficulties than the precise 
arrangement proposed by the Robbms Committee As 
regards the size of the Mimstry,1t would not appear 
prema face to be larger than the new Mimstry of Defence 
Its efficiency would depend very largely on the effective- 
ness of the arrangements made for devolution of authority 
wherever possible as well as for greater haison between 
institutions of various kinds from the local level upwards 
If the Bow Group can argue with reason that, from the 
point of view of national needs, the greatest smgle problem 
in scientific and technological research to-day 1s that of 
haison between the universities and the newer centres of 
research, such as the Atomic Energy Authority and other 
Government establishments, the research associations 
and industrial research laboratories, ıt ıs not only in 
research that iumproved communications are required 

The vital point is that the administrative arrange- 
ment should be chosen to serve the specific purposes 
needed and not the convenience or prestige of a particular 
political chque or established interest, and this should be 
demonstrably seen to obtain Its effectiveness will of 
course depend also on the character and ability of the men 
chosen to fill the designated posts, but beyond this ıb will 
depend also on the understandmg and support of ther 
Cabmet colleagues Effective national policy m higher 
education and ın science 3s not solely a matter of appro- 
priate administrative arrangements or of the staffing 
of one or even two departments It depends on adjust- 
ments and understanding at many levels from the Cabinet 
downwards on the abihty of Cabinet muusters in general 
to recognize the significance of the arguments which a 
Minister of Education or for Science brings forward, and 
also on the capacity of the Departments themselves to 
appreciate the bearmg of science and technology on 
their own work No Mimustry for Scrence 18 likely to prove 
fully effective unless ın many of the Departments there 
are scientific advisers of high standing and supported by 
considerable sections able to make full use of new know- 
ledge and new methods Nor should ıt be forgotten that 
the shaping of the Government organization to meet the 
tasks of to-day means also equipping it at all levels to 
utihze the new tools of management which the computor 
and other technical advances have placed in its hands 
Even if a prime responsibility ın this sphere continues to 
rest with the Operations and Methods Division of the 
Treasury, 1t only demonstrates that the Treasury itself 
will need to be in close touch with the new knowledge 
thrown up continuously under the Mnunister for 
Science 

There are indeed some signs that this ıs already bemg 
done The establishment im October of a Centre for 
Administrative Studies withm the Cıvıl Service ıs one 
sion of new thinking So ıs the creation of the new post 
of Secretary of State for Industry, Trade and Regional 
Development and Imkmg with 1t the Presidency of the 
Board of Trade, but much more will be required if the 
Government structure throughout 1s to be geared to meet 
the challenge of what Prof Coln Cherry most aptly 
te: med the “‘merpient revolution” (Nature, 200, 308, 1963) 
The leader of the Opposition, Mr Harold Wilson, has 
also shown himself well aware of the challenge, and if 
neither the Government nor the Opposition has as yet 
indicated at all precisely how ıt proposes to meet the 
challenge on admmiustrative requirements, there 1s httle 
that need keep political parties apart. It 1s a valid test 
of the sincerity of both pohtical parties in thew professed 
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support for science and for education whether or not thoy 
are prepared to drop party political arguments sufficiently 
to ensure that, durmg the short period of life that remains 
to the present Parliament, the necessary administrative 
measures are put through to provide a structure which 1s 
adequate to serve the needs of the nation in respect of 
science and of education m the critical years ahead 

Nor ıs the form of the structure required, tied too closely 
to some of the decisions which are most difficult or may 
require further consideration It does not depend, for 
example, on decisions regarding the future of the research 
associations and the stimulation of co-operative mdus- 
trial research Nor does ıt depend on the precise location 
and status of the teacher traming colleges, or again on the 
location of the research stations of the Department of 
Scientific and Industrial Research, which certainly merits 
fuller consideration than the Trend Committee proposes 
for all but two of them On balance, a single Mimstry for 
Science and Education appears to be proposed on the 
grounds of flexibility as well as avoiding certain difficulties 
which the Trend Committee and the Robbins Committee 
alike admut It might also help to mmunuize the prolifera- 
tion of committees, under the University Grants Committee 
proposed by the Robbins Committee, but which has been 
the subject of some adverse comment It should certamly 
favour the placing of the colleges of advanced technology 
on the same footmg as the universities, though here a 
more generous policy than that which the Bow Group con- 
templates ıs essential and more m line with that proposed 
by the Robbins Committee Withm the one Mmustry, 
moreover, 1t should be easier to work out a satisfactory 
policy for converting the teachers’ traming colleges mto 
Colleges of Education while securmg the full support and 
understanding of the unrversities and the local education 
authorities alke Adequate devolution, understandmg and 
co-operation at all levels are vital, and 1b 1s at least possible 
that this would be facilitated by association of respon- 
sibility for science and for education within the one 
ministry Industry, at least, 1s unlikely to forget, as a 
Ministry of Higher Education might, that education 1s 
whole, and that the primary and secondary levels are 
fully as important as the higher levels 

If these, then, are the essential needs that the new 
administrative arrangements must serve ıt must not be 
forgotten that there 1s also an essential task of public 
education that has to proceed while the detailed arrange- 
ments are being worked out and the legislative steps taken 
This ıs indispensable if the new structure ıs to be used 
effectively and if public support is to be forthcoming 
for the vast expenditure that ıs mvolved, whatever differ- 
ences in the scale proposed that might exist between the 
political parties It 1s relevant, too, 1f the new Munster or 
Ministers are to be sure of firm support when their financial 
proposals are placed before their colleagues in the Cabinet 
No differences of opmion as to particular details of the 
recommendations of the Trend Committee or the Robbins 
Commuttee should be allowed to hmder the swift formula- 
tion of definite proposals for an adequate ministerial and 
administrative structure to serve the needs envisaged alko 
in education and in ervil scence, or to impede the informed 
discussions of the many dufficult and complex issues 
mvolved Prompt action and imagmative and forward 
thnkmg are rmperative, alike in dealing with long-term 
problems as m dealing with the short-term emergency 
arising out of the ‘bulge’ over which the Robbins Report 
perhaps passes too cursorily 
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HEALTH IN THE TROPICS 


Tropical Heaith 

A Report on a Study of Needs and Resources Pp 
xxx1+540+9 plates (Washmgton, DC Division of 
Medical Sciences, National Academy of Sciences 
National Research Council, 1962) 6 50 dollars 


Taa volume ıs published by the US National 
Academy of Sciences, National Research Council, as 
a report sponsored by the US Army Medical Research 
and Development Command, the National Institutes of 
Health, US Publhe Health Service and the Rockefeller 
Foundation 

The main objectives of the survey, which was first con- 
ceived by the American Society of Tropical Medicine 
and Hygiene in 1954, were to evaluate the important 
problems of medicine and hygiene :elevant to the future 
development of the tropics, and to define the resources 
and research needs as a basis for recommendations rogard- 
ing the future activities of the United States in these 
fields 

The geographical areas exammed were (1) Canbbean, 
Central and South America, (2) Africa, (3) South West 
Asia, (4) South Central and South East Asia, (5) Oceania 
One hundred and srxty-nine countries and territonmes 
were included in the survey 

So far as possible data covering the period 1954-58 
were collected and piesented on a regional basis and not 
in terms of indrvidual countries or political gioups The 
survey was restricted to the most significant public health 
problems and diseases in. the foregoing geographical areas 

The subjects investigated were infectious diseases, 
nutritional diseases, tropical physiology and. chmatology, 
environmental hygiene and the zoonoses and other 
diseases of domestic animals Chronic and metabolic 
diseases (othe: than those ielated to nutrition) were 
excluded The work finally concerned 34 human condi- 
tions (“the groat diseases of the tiopics’”) These were 
considered in four categories diseases of high endemucity, 
diseases of 1elatively low ondemicity but potentially 
great because of possible epidemic character, diseases of 
relatively low endemicity but high mortality o1 serious 
comphcations, new diseases concerning which present 
knowledge ıs hmited, but whivh appear to be of consider- 
able health importance 

An examination was also made of significant diseases of 
domestic animals ın tropical and sub-tropical areas and of 
human and animal tropical biometeorology (included in 
the section on, ‘“Research Needs”) 

Part 1 of the book 1s concerned with the significant 
human diseases The difficulties involved in analysing 
the data wore ummense, and the authors freely recognize 
the shortcomings of some of thew conclusions which 
were based on inadequate and meccurate information 
provided from underdeveloped areas in which professional 
personnel was in desperately short supply Unfortun- 
ately, except on certain specific pomts, information was 
not obtamed from mainland China) The lack of inter- 
national uniformity in the notification of diseases was an 
important source of unavoidable error For example, only 
five diseases (yellow fever, cholera, plague, typhus and 
smallpox) were notifiable in all 169 countries and ter- 
tories of the survey 

The four categories of disease are discussed in separate 
chapters, each condition m terms of distribution, mneidence 
and prevalence in the major geographical areas, morbidity 
and mortahty and publ health importance Control is 
briefly discussed 

The first 10 diseases of importence te public health in the 
five geographical survey areas were tuberculosis, malaria, 
influenza, nutritional deficiencies (excludmg kwashuor- 
kor), cholera, bacillary dysentery pneumonia, measles, 
whooping cough and ameebie dysentery Tuberculosis, 
influenza, malaria and pneumonia were among the first 
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ten ın the entue survey area Only thee of these (malaria, 
cholera and amoebic dysentery) belong to the classical 
‘tropical’ diseases Only four “have not been demon- 
strated to be controllable by known means”, namely 
schistosomiasis, leptospirosis, certain arthiopod-borne 
viruses and measles 

Part 2 covers significant diseases of domestic animals 
in tropical and sub-tiopieal areas An attempt was made 
to evaluate the importance of diseases of animals in human 
health problems m terms of zoonoses and protein nuti1- 
tion Sources of information were generally poor, probably 
because, in general, vetermary services and facilities for 
training veterinarians were lamentably deficient On the 
23 important diseases of domestic animals studied 
only one (sweating sickness of cattle) was without known 
methods of control and prevention The percentage of 
total budgets expended in veterinary services in the 
countries investigated was considerably less than that 
appropriated for health services 

Part 3 contains information concerning the numbers of 
medical and associated personnel, expenditure on health 
services, numbers and typos of hospitals and climes, and 
the preventive medical programmes m the survey 
countries There was serious lack of staff of all categorios 
and of hospital beds and chnics Health expenditure 
averaged 5-6 pei cent of the total budget ın most arcas 
which provided reliable relevant figures 

Preventive programmes concerned, especially immuniza- 
tion. against smallpox, typhoid, yellow fever, cholera 
diphtheria and tuberculosis These varied widely m 
magnitude and geographical extent More than 500 million 
vacemations for smallpox, 95 mullon for tuberculosis 
(BCG), 52 million for cholera, 46 millon for yellow fever 
and 27 million for typhoid were performed in the total 
survey area in the period 1954-58 

Data regarding medical missions and medical organiza- 
tions set up by American corporations working ın the 
tropics indicated that these bodies contributed significantly 
to medical care and preventive operations m the tropics 

Information on water supphes and sewerage systems m 
the areas of the survey was laigely deficient In tho 
Caribbean and Central and South America, which. 1s the 
most materially developed area surveyed, 39 per cent of 
the population lacked piped water, the deficiencies being 
most evident in communities of fewer than 10,000 in- 
habitants Sewers were non-existent m most rural 
communities 

The impact of diseaso and the low hving standards of 
tropical populations on the mternal economy of the 
Umited States was examined ın terms of material and 
strategic mterests imecluding foroign trade, market poten- 
tials, ete Natural merease in population resulting from 
successful reduction of morbidity and mortality might be 
significant unless economy improves in proportion, 
expected merease in individual capacity for work associ- 
ated with improvement ın health may be an important 
factor m this balance 

Movements of individuals and populations arising from 
travel, migration, religious pilgrimages, socio-economice 
development, etc, have important bearmgs on the 
distiibution and activity of disease processes There ae 
many such examples of the dissemination of disease m 
war and peace 

International sanitary regulations have markedly 
lumited the distribution of the quarantinable diseases, but 
many ‘tropical diseases which constitute msks to the 
community or the mdrvidual, o1 both, may still be umpor- 
ted or exported This challenge must be met, especially in 
view of the speed and frequency of modern travel (Its 
importance in Europe was recently the subject for discus- 
sion at a meeting of repiesentatives of the European 
schools of tropical medieme held in London and Live- 
pool } 

The practical problems of the United States are dis- 
cussed m this respect At present, Americans travelling 
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to the tropics are mainly at risk in the Caribbean and 
Central and South America Increasmg interests in the 
other areas will mean increasing exposure to health msks 

Paits 5 and 6 of the report contain surveys of research 
plogrammes in tropical problems m progress im the 
United States and elsewhere, sponsored by the Umted 
States and other Governments and organizations 

The teaching of tropical medicine and hygiene and 
opportunities available for tramimg in the United States 
medical schools and in foreign institutions are summarized 
and discussed On the whole, incentives and career 
opportunites in the field of tropical medicme are lackmg 
in the United States 

There has been little recent expansion of mterest in 
tiopical medicine in the United States The number of 
workers involved ıs “such a small fraction of the total 
professional and scientific personnel engaged ın medical 
and biological sciences that any future expansion in 
personnel should not constitute any strain on total 
manpower needs over the next decade” 

The remainder of the report deals with an analysis of 
research needs in human and veterinary medicine in the 
topics, based on written opinions obtained from advisers 
in the various fields Thirty-one human diseases and ten 
veterinary problems are discussed 

Most of the comments made by the authors are self- 
evident and readily acceptable A series of recom- 
mendations 1s made by the Advisory Committee These 
include (1) The contribution of the United States to 
international effort against tropical disease could best be 
channelled through a national programme for research in 
tiopical health, developed by an advisory organization 
within the National Research Council (2) Grants 
should be available for approved foreign institutions to 
suppoit programmes of research and training in tropical 
health (3) More effort ıs recommended to stimulate 
interest in medical schools at undergraduate and post- 
graduate levels which should include overseas programmes 
and tropical field studies (4) The World Health Organ- 
ization should be invited to mtensify its statistical cover- 
age of tropical health, possibly with mereased support 
by the United States (5) The economic aspects of tropi- 
cal disease should 1ecerve closer study, and tropical 
vetelinary education and research should be expanded, 
particularly in Africa and South East Asia 

There are numerous text figures and nine plates demon- 
stiating m maps, with the usual limitations, the tropical 
world distribution of the major diseases These maps are 
beautifully drawn and presented, which makes ıt all the 
more the pity that the American Geographical Society of 
New York, which permitted their publication, should 
have consistently musplaced Surmam and British 
Gwana 

A remarkable amount of well-collated and clearly pre- 
sented information is contaimed in this report, which 
constitutes a valuable reference volume for workers 
engaged in the research and field problems of tropical 
health The Appendix detailing the needs for research 
contains many comments and suggestions which are at 
once acceptable and familiar to those concerned with 
tiopical problems There 1s little that is new Omissions 
were probably determined by the hmuits withm which the 
survey had to be confined The material published appears 
to have been decided by the volume of the mdividual 
contributions from consultants, and this has led to some 
imbalance ın certain fields, particularly ın biometeorology, 
which appears over-emphasized The almost complete 
omussion of hematological and genetic aspects of tropical 
life and disease is unfortunate 

The absence of an index 1s a disadvantage 

However, this is undoubtedly a remarkable and com- 
prehensive report Its recommendations are sound and 
should be investigated by other Governments concerned m 
helping developing countries 
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THE DEVELOPMENT OF 
HISTOCHEMISTRY 


Enzyme Histochemistry and Its Application in the Study 
of Neoplasms 

By M §S Burstone Pp xu+621 (Figures) (New York 

and London Academic Press, 1962) 160s 6d 


T the present moment, histochem:stiy 1s suffering 
from a wave of popularity Although it 1s delightful 

that the subject has been taken up so enthusiastically, 11s 
becomurg a httle difficult to know how ıt should be 
defined This 1s not to decry the vaiious facets which are 
becomirg disclosed by different workers but to make two 
pleas first, that 1f ıb bears a chemical connotation, at 
least ıt should be a science, secondly, that since ıt relates 
to tissue its methods should preserve histological struc- 
ture 

Thus there 1s a view, to which I contribute, that histo- 
chemustry 1s concerned, with, visualizing cellular chemustry , 
that ıt ıs an extension of biochemistry which can be 
performed on histologically acceptable sections, and that 
it has already a certain amount of scientific information 
which is related to the special conditions concerned with 
the chemistry of intact sections There 1s another view 
that ıt ıs predominantly an extension of histological 
staining, ın which the stains have a rational, chemical 
basis and hence may be irdiecative, but nothing more, of 
the chemical activity of the tissue Either way, a pro- 
fessional histochemst terds to study a new work on his 
subject with some anxiety to ensure that, whatever the 
views of the author, the work will advance this new 
subject ard not lay 1t open to ridicule 

Dr Burstone is a distirguished histochemist, who has 
contributed considerably to the histochemical armament- 
anum As might have been expected, his chapter on 
proteolytic enzymes, m particular his discussion of 
aminopeptidase, on which he has done outstandirg work, 
is of real value, of only less importance 1s his section on 
cytochrome oxidase, which his own studies have made 
readily suscept'ble to histochemical investigation He 
seems to see histochemical piogress as lumtted solely by 
the lack of suitable substrates ard, consequently, much 
of the book 1s devoted to methods by which tho newer 
substrates may be syrthesized Although I sympathize 
with this view, I wor der tf this 18, deed, h'stochemistry 
For example How many histochemists will be advanced 
by knowmg the X-ray diagram of various naphthol AS 
compounds (pp 78, 79, 80), or the fact that the first aryl 
glycoside was synthesized im 1879, or will be helped by 
the chart (IX, p 128) of a multitude of ‘‘azine type dyes” 
which are figured but not even named? The organic 
chemustry seems too abstruse for histochemists and on 
occasion 1b 1s even misleading If he succeeds in exciting 
histochemists to synthesize their own reagents, without 
tramirg them first m analytical methods for proving the 
puity of their products, he 1s indeed hable to spread 
alarm ard confusion 

Unfortunately, the book may be criticized on many 
counts The language ıs slovenly and often confusing, 
there is too much qualitative reportirg of the “one says 
this although another disagrees” type, without analysing 
the contentions and the evidence underlying them, too 
often a surprising fact ıs reported without a reference to 
the source being given But most serious of all are, first, 
the lack of eritical standards for assessing the histo- 
chemistry and, secordly, ether an apparently total 
ignorance of tissue biochemistry, or a refusal to relate 
histochemical findings to those of the biochem:sts It may 
be that the biochemical evidence 1s erroneous, but ıb 
would be comforting to have an explanation of how the 
error arose ard how histochemistry has avoided ıt For 
example, ın the discussion of acid phosphatase, the whole 
pomt of de Duve’s work on lysosomes has been either 
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mussed or ignored, if the latter, then ıt would have been 
uluminating to have known on what grounds ıb was 
discarded One ıs, however, forced to suspect the forme) 

Holt’s analysis and modification of the metal-salt method 
have been misunderstood, and Burstone’s obsession about 
the need to “‘elummate spurious staining’’ would be set to 
rest if he recognized the value of controls ın histochemistry 

But even more staitlmg is his insistence on fixation for 
even this enzyme Fixation with calcium formol ıs recom- 
mended on p 207, although formaldehyde is listed among 
the mactivators of acid phosphatase on pp 213-215, 218 

Even more surprising 18 the recommendation (p 207) of a 
method mvolving fixation in acetone and embedding in 
paraffin wax whch has been estimated, in another recent 
text-book of histochemistry, to produce as much as 90 
per cent loss of tus enzyme Indeod, there ıs justification, 
from this sort of histochemistry, for the jibes that the 
subject ıs nothing more than “histo-cookery”’ or “‘histo- 
alchemy” 

Burstone’s major contribution to histochemistry has 
been ın relation to the azo-dye coupling reactions He has 
synthesized and tested many compounds which are likely 
to be useful It was to be hoped that his histochemical 
understanding would have matched his organic chemistry 
One of the maim worries about these coupling reactions 18 
whether appreciable diffusion of the components or even. 
of the complete dye can occur, s0 giving rise to spurious 
localizatiors In part, this deperds on the ‘substan- 
tivity’ of the dye On p 138, Burstone gives a correct 
definition of this concept as apphed in the dye-stuff 
industry, but proceeds to so modify 1t for histochemistry 
as to render ıt valueless He then proceeds to argue (on 
p 140) apparently by polemic alone, that the naphthol 
which ıs released by enzymatic reaction within the tissue 
binds to the tissue component from which 1b 18 released. 

Although he is aware of the dargers of diffusion artefact, 
which could be very severe if the coupling reaction 1s not 
extremely fast, he admits he has no scientifically accept- 
able evidence and offers only pious hopes (p 95) “With 
an azo-dye techmque the potential qualities of naphthol 
may be nullified if the coupling with the diazomum salt 
does not take place promptly Although there ıs no 
actual knowledge about the submicroscopic nature of a 
‘capture reaction’ involving a stam piecursor (eg, 
liberated naphthol), we can assume that this reaction 
should take place as rapidly as possible ” 

There then follows a remarkably meffectual discussion 
of diffusion artefact, which ıs not given any objective 
analysis An exemple of his eritical histochemistry occurs 
on p 150 “The sites of enzyme activity in a tissue 
section when visualized by means of good histochemical 
techniques should be sharp and clear cut All available 
evidence at our present state of knowledge indicates that 
sharp histochemical localizations are significant even when 
there 1s overall cytoplasmic activity (Figs 5, 6) Hasto- 
chemists trained as histologists or pathologists should always 
expect to see clear cut microscopic localizations provided that 
proper techniques have been employed” Regrettably this 
is typical One 18 left to wonder what histochemists who 
have not been trained as histologrsts or pathologists may 
expect to see One may also wonder how “sharp and 
clear cut” localization can be mnduced for weak enzymes 
of the type that are normally found m the microsomal or 
supernatant fractions of the biochemists 

Paradoxically, however, ıt deserves to be reported that 
it 18 indeed where he uses totally rational methods, as for 
acid phosphatase, that he does get some ‘background 
staining”; 1618 amusing that it should be in this particular 
case that he considers diffuso staning 1s permissible 

The contents of the book cover all aspects of enzyme 
histochemistry The opening chapter ıs concerned with 
fixation and embedding techniques but cannot be recom- 
mended. Naphthalene derivatives are then considered 
briefly as histochemical reagents The third chapter 1s 
useful in that ıt deals with diazonium salts and azo-dye 
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coupling, which subjects are taken up more fully m 
relation to tissue sections m the fourth chapter. There 
then follow chapters devoted to phosphatases, esterases, 
sulphatases, glycosidases, transglycosylases (which forms 
a valuable review of these enzymes), piotcolytic enzymes, 
oxidases and dehydrogenases The additional chapter 
devoted to the application of enzyme histochem stry to 
electron microscopy will be welcomed by many, the 
purpose of the chapter on eloctrophoretic procedures 18 less 
obvious, while that relating caremostatic agents to histo- 
chemical substrates makes lhttlo impact There are a 
number of printing errors and the photographs often are 
inconclusive Apart from the organic synthetic chemistry 
and the section on aminopeptidase ıt ıs not apparent ın 
which way this book appreciably advances the subject 
technically or theoretically, beyond what has been 
achieved by Poarso’s justly famous work Moreover, 1b 1s 
very difficult to comment on a work on histochemistry 
which figures stained muscle bands as mitochondria 
(Fig 1, p 488) J CHAYEN 


THE MARCH OF SCIENCE 


Science in Progress 

Thirteenth Series (SIGMA XI-RESA National Lecture- 
ships, 1961.) Edited by Wallace R Brode Pp xu1+305 
(New Haven and London Yale University Press, 1963 ) 
56s , 7 50 dollars 


O review at all adequately a book which consists of 

ten lectures on unrelated themes and of the excellence 
of those contamed in this volume ıs 1arely possible within 
reasonable space At best all that can be done 1s to ındi- 
cato the scope of the volume and the high standing of 
the lectures Seven of those contamed in this volume are 
specialized and comprise those of Prof E R Biel, on 
microchmate, bioclmate and comparative dynamic 
chmatology, Prof N F Ramsey, on nuclear interactions 
m moleculas, Prof 8. Chapman, on Sun storms and the 
Earth the Aurora Polaris and the space round the Earth, 
Prof T Dobzhansky, on man and natural selection, Prof 
L M Beidle1, on biophysical approaches to taste, Prof 
J L Greenstein, on stellar evolution and the origin of the 
chemical elements, and Prof S C Brown, on plasma 
physics ‘Together they provide a fascmating picture of 
some of the frontiers of science which should be readily 
intelligible to the non-specialist, and, although delivered 
in 1960-61 they are none the less to be commended to the 
general reader 

Three of the lectures have, however, a common theme 
From different angles they consider the problems with 
which the present advance of science confionts society In 
the first of them Dr A T Waterman, forecasting the shape 
of science in the sixties, emphasizes the vital rmportance of 
fundamental research, mcluding research ın the social 
sciences, over the whole spectrum of knowledge, and urges 
that while our organization must be such as to ensure such 
a distribution of effort ıt 1s unlikely to be secured ın the 
absence of effective international co-operation 
Next, Prof H Brown examines some of the problems 

which arise ın the relations of science and Government, and 
he too urges the tmperative necessity for nternational co- 
operation, stressing first, however, that an effective system 
of disarmament 1s an urgent priority, transcending m 
importance all other aspects of relations between Govern- 
ment and science Secondly, he directs attention to the 
contribution of science towards meeting the needs of the 
under-developed countries and then to the importance of 
attention to the conservation of natural resources He 
concludes that the agencies already established in the 
United States for providing scientific advice to the 
Government and concerting national effort and policy m 
science and technology should be adequate if sufficient 
attention 1s directed to these aspects of the situation. 
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In the third lecture, Dr W RR Brode discusses the 
growth of science and a national science programme, con- 
sidering what is imphed in such a programme and the effect 
of the growth of science on supporting and performing 
mstitutions He suggests that there is a limiting factor to 
the growth of science and that this 1s hkely to set a limit to 
the proportion of scientists and engimeers, in the United 
States, he believes this limit is already approached In 
contiast to Prof Brown, he suggests that national and 
Government organization of science and science policies 
in the United States calls for independent review, but he 
agrees as to the importance of international co-operation, 
particularly ın respect of technical assistance to the under- 
developed countries 

These three lectures are thus of general interest, not 
so much from the information point of view, like the other 
seven, as from that of a stimulating contribution to a 
discussion which i1anges far outside the United States 
and is particularly lively m Britain at the moment 

R BRIGHTMAN 
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WHAT GOES UP... 


Throw Out Two Hands 
By Anthony Smth Pp 272432 plates. 
George Allen and Unwin, Ltd , 1963) 30s net 


BALLOON has seemed an uncomfoitable thing to me 
ever since, when I was very young, one came low 

over a field on my father’s farm, a rope was thrown to the 
men hoeing turnips, but they “‘weren’t touching them 
things—’tweren’t nat’ral’’, and the balloon deposited its 
bruised passengers on a gorsy common some miles away 
Most of East Africa would be much less comfortable for 
landing than an Enghsh turnip field or common, one 
man told me that the most worrying minutes of his life 
were in a small aeroplane, the engine of which failed over 
a sisal estate ın Tanganyika, ghding over mules of large 
erect needle-pointed leaves before they reached the grass 
beyond 

So I admire anyone who has courage to learn ballooning 
for a few flights over tracts of country where mountains 
and escarpments rise for thousands of feet, where an 
equatorial Sun produces violent thermal currents and 
where forests, lakes and thorn trees make balloon landings 
very dangerous That was done by Anthony Smith 
science correspondent to the Daily Telegraph, and it 1s 
well deseribed ın this book 

The accumulation of backers, of equipment and funds, 
the tramıng flights m England and Holland and the 
arrival in Africa—all that takes up one-third of the book 
When the prime object was to photograph game in and 
around the Serengeti Park, I cannot understand why a 
start was made from Zanzbar, for a short flight to the 
mainland, ın order to face hundreds of miles of bad Tan- 
ganyika roads to the game reserves Moreover, it 1s 
surprising that, when there was so much expensive 
equipment, there were no spare ropes so that ıt should not 
have been necessary to buy m the Zanzibar bazaar those 
old cotton ropes which nearly wrecked the balloon at the 
start 

However, Zanzibar seems to have enjoyed the start, 
and 1t gave the expedition some adventure before more 
adventures on the muddy roads of Tanganyika People 
who visit Africa for adventure usually find ıt; we who 
worked there used to look for as much comfort as possible 
on our limited means, m all my camping I never had the 
excitement of having my tent flooded by a single storm, 
with bread, cameras and books floating about 

But we were not balloonists and we had not the writer’s 
gift for describing the sensations of ascent, of silent travel 
and perilous descent, so well portrayed by Mr Smith. 
Everyone ıs shocked by their first hearmg of the tree 
hyrax’s poignant call, but few could describe ıb so well. 
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Few could have had the aid of such skilled photographers 
with such fine equipment, there are some beautiful 
photographs in colour, for the animals, the clouds and the 
orange and silver balloon were all photogenic 

As I am a botamst, I would have liked to see more of 
the patterns of vegetation below the balloon and less of 
the passengers Moreover, I would lke to have read more 
non-balloonng matter, for there are very interesting 
references to the bogus films of African game, to the 
cruelty of predators, to the problems of game conserva- 
tion and counting of anumals More emphasis might have 
been made concerning the gieat help given to Mr Smith 
and his paty by many people It was surpiising that, 
when Mı Smith had a chance to help a party stuck m the 
Ngorogoro Crater mud, he delayed that party by leading 
them into more soft ground, this exploit may have 
seemed funny to Mr Smith and his companions, but ıb 
cannot have seemed funny to the worried African driver, 
to his belated passengers 01 to the people who were waiting 
for them It does not seem funny to me, for I have spent a 
night in a car stuck in Serengeti mud I am glad that 
Mr Smith afterwards felt “slightly humble” 

The book gives definite results of a trial of ballooning in 
tropical Africa “Any puff of wmd was to be dreaded”, 
there are many puffs of wind m Africa “I do not think 
balloon photography, to sum up, 1s very easy, but 1t is 
most interesting ` So 1s the book, and, even if the project 
did little to advance the study of game ın Afrıca (for most 
of the best photographs were taken on the ground), 1t 
may well lead to a revival of ballooning in Britain 

A § THOMAS 


A SOLUTION FOR MAGNETIC 
CIRCUIT PROBLEMS 


The Nomographic Computation of Complicated and 
Highly Saturated Magnetic Circuits 

By Prof Otto Benedikt Translated by G P Dienes 

Pp xvii+275 (London and New York Pergamon 

Press, 1962) 105s net 


INCE the earlest days of electrical machine design, 
one of the frequently recuming problems has been 
that involving iron under saturated magnetic conditions. 
Methods have been devised to solve such problems, but 
invariably the techniques use gross approximations and/ 
or assume linear magnetic conditions which do not exist 
Generally, in machme design empirical relationships are 
used, demanding a great deal of experience on the part 
of the designer in order to obtain reasonably accurate 
results, while, ın more theoretical problems, the custom 
is to assume linear magnetic conditions in order to render 
the problem more tractable In the latter case ıt 18 usual 
to add that the conditions are not linea, but that 1t 18 
necessary to start somewhere, and that a knowledge of the 
idealized problem will assist in the understanding of the 
non-linear case Altogether, the subject, up to recent 
times, has proved to be an unfruitful one for those who 
would lıke accurate solutions Of.iecent years, the impor- 
tance of finding solutions to these problems has been 
making itself more and more apparent, and at the present 
time much effort is being produced to place the subject on 
a higher level of understanding 
The Nomographoc Computation of Complicated and Highly 
Saturated Magnetic Circuits, by Otto Benedikt, would 
appear to be the result of close co-operation between 
industry and university It has already been published 
in Hungarian and German, besides the original Russian, 
end 16 18 a pity that it was not translated and published 
in Britaan sooner 
The author states that the nomographie method, which 
he sets out in great detail, has been developed over a long 
period of time He also claims that, whenever ıt has been 
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possible to check by expe1iment, the agreement between 
his theoretical and the experimental results has been good 
The purposes of the book are to show that the nomo- 
graphic method 1s suitable for solving a large number of 
problems arising in the design and construction of electrical 
machines and also that the method may be used with 
some profit to solve other alhed problems, some of these 
he lists ın the final chapter 

The first chapter deals with the shortcomings of the 
methods generally used in solving magnetic cirewt prob- 
lems, followed by chapters showmg how the nomographic 
method may be apphed to ferromagnetic bodies of varying 
cross-section and series connected bodies 

Chapter 4 considers the much-debated problem of 
the magnetic lelations in the region of the tooth and the 
magnetically parallel slot This leads naturally to the 
problems m the next chapters mvolving the series con- 
nexion of a tooth and a magnetically parallel slot, the 
magnetic relations in the region. of tooth, slot and air-gap, 
the problem of saturated pole-shoes and the estimation 
of the transverse slot fluxes due to saturated teeth 

In Chapter 9, 1b 1s claimed that the ‘exact’ eddy current 
and hysteresis losses in rotating electrical machines may 
be calculated by the nomographic method The word 
‘exact’ 1s perhaps the choice of the translator rather than 
the author, for 1t 1s difficult to see e:ther how the losses 
could be exactly calculated, or how they could be exactly 
meastwed m order to check the calculations However, 
methods are developed for calculating the various losses 
in the different parts of the magnetic circuit and also m 
the copper conductors 

Throughout, the mathematics 1s set out in great detail, 
with many worked examples to aid understandmg, and 
to illustrate the use of the three sheets of nomograms which 
are included at the back of the book 

The units used are those of the cas EMU system, 
which might provide some initial difficulty to those used 
to the mxs or mixed industrial umt systems It ıs 
pleasing to note that Carter’s coefficient 1s mentioned, so 
presumably Britain is credited in the USS R with some 
original work The book was piimted in Hungary—this 1s 
1eflected in the standard of printing which 1s not quite so 
good as one generally expects in a modern text-book No 
bibhography ıs provided This is unfortunate, since it 
would be interesting to see what other publications had 
appeared in connexion with this subject 

To those engaged in any branch of non-linear magnetic 
e1cuit work, mcluding machine designers, this book should 
prove to be a useful introduction to the nomographic 
method Many will find then problems shesdy solved 
fo. them and set out in great detail One looks forward to 
more publications m this particular field 

E M FREEMAN 


QUANTUM MECHANICS 


Quantum Mechanics for Mathematicians and Physicists 
By Prof Ernest Ikenberry Pp xn+269 (London and 
New York Oxford University Press, 1962) 64s net 


Mathematics for Quantum Mechanics 

An Introductory Survey of Operators, Eigenvalues, and 
Linear Vector Spaces By Dı John David Jackson 
Pp x+97 (New York W A Benjamin, Inc, 1962) 
3 50 dollars, pape: , 4 75 dollars, cloth 


CCORDING to his preface, Prof Ikenberry’s mten- 

tion 1s to provide a text on quantum mechanics fox 
giaduate mathematicians with httle or no background 
in physies and for physicists with a minimum of mathe- 
matics Although the former may feel forsaken by the 
detailed physical content of the first three chapters on 
the dual nature of hght, the dual nature of matter and 
the pictorial description of the atom they will find them- 
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selves well catered for in the 1emainder of the book The 
physicist, on the other hand, will visit the rough m the 
chapters on wave equations and wave packets, observables 
and linear operators and quantum mechanical operators 
but, with diligence, at the end will find his mathematical 
knowledge no longer minimal 

After the introduction of the Schrodinger wave equation 
in Chapter 8, this book deals with most of the topics which 
are usually meluded in books of this kind, the harmonic 
oscillator, the hydrogen atom and spin, and ends with a 
very good introduction to relativistic quantum mechanics 
I myself found the chapters on sectionally constant poten- 
tials and eigenfunctions and eigenvalues quite excellent 
in presentation, scope and completeness Criticism can, 
however, be directed at the chapter on time independent 
perturbation theory which 1s ludicrously short, only six 
pages, and completely ignores some simple applications 
of this technique which are of considerable physical 
interest Indeed, in general, the attention of the reader 1s 
not sufficiently directed to the physical mterest of the 
topies considered Comparable books on quantum 
mechanics contain sections on the quantum, mechanics of 
simple many-particle systems, on applications of varia- 
tional prierples and on simple collision theory These 
are omitted here 

Despite these defects, this book will provide teachers of 
quantum mechanics with a valuable manual There are 
352 problems listed to form an integral part of the text, 
and abundant references are provided to guide the student 
in supplementary reading There seem to be few errors or 
misprints, and the presentation and notation are clear 
and precise One can hope, however, that the use of the 
symbol ‘ Lap” for the Laplacian will not become popular 

Dr Jackson’s monograph is a mathematical supple- 
ment to the course in quantum mechanics for first-year 
giaduates which he gives at the University of Dlmnois 
He can justifiably clarm to have presented coneisely the 
mathematical methods of quantum mechanies in a form 
which emphasizes the unity of the different techniques 
Although Prof Ikenberiy’s and Prof Jackson’s books are 
being jointly reviewed they aie scarcely companion 
pieces, and it is clear that the courses ın quantum 
mechanics given at Auburn and Illmois are considerably 
different in emphasis This 1s not a criticism of either 
cowse but is to make the pomt that maximum value 
fiom Prof Jackson’s mathematical supplement will only 
be derived when read along with a companion volume 
which covers physical topics 1equuing this kind of mathe- 
matical development Such treatises usually provide 
their own mathematical supplement, either m the text or 
in appendix form, as in the case of Prof Ikenberry’s 
book Accordingly ıb 1s difficult to believe that this book 
will command a wide sale among students, most of whom 
will prefer a single comprehensive treatment of the 
physics and mathematics of quantum mechanics 

Considered, however, on its own as an. applied mathe- 
matical text-book with chapters on eigenvalue problems 
in classical physics, orthogonal functions and expansions, 
Stum-Liouvule theory and hnea: operators and Imear 
vector spaces, 1t ıs very good Prof Jackson has a way of 
illustiating and developing mathematical concepts which 
I found refreshingly novel The reader will take particular 
pleasure ın the use of the Schmidt process of orthogonal- 
ization to construct the umportant polynomial functions 
of mathematical physics Problems are imterspersed 
throughout the text, and appendixes on the properties 
of the special functions are provided ‘Teachers and 
students will find the tables of roots of the Bessel functions 
especially useful, and at last somoone has thoughtfully 
provided a key to the choices of spherical harmonic 
phase facto: used in various standard texts on quantum 
mechanics This key could be more comprehensive, but 
1t seems clear that in this connexion Piof Ikenberry 
prefers to be with the minority A L STEWART 
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The Evolution of Living Organisms 

Edited by Prof G W Leeper: (A Symposium to mark the 
Centenary of Darwim’s “Origin of Species” and of the 
Royal Society of Victoria, held m Melbourne, December, 
1959) Pp v+459 (Melbourne The University Press 
London Cambridge University Press, 1962) 126s net 


HIS interesting volume mcludes thirty-s1x contribu- 
tions from workers distinguished in a wide variety of 
fields meluding evolution, genetics, and population 
dynamics The volume is divided mto two parts of 
approximately equal length In the first part, twenty 
papers are collected under the heading, “Evolution and 
Selection” Although the scope and content of these 
papers differ very widely they are mmpressive contributions 
m ther respective fields The first paper, ‘Accident or 
Design, the Paradox of Evolution”, by E Mayr, is a brief 
but important, summary of the history of ideas on the 
ogm of adaptation As Mayr pomts out, evolutionists 
are now closer in their thinkmg and in their entire inter- 
pretation of evolutionary events to the Darwin of 1859 
than they have been at any time in the past hundred years 
Some of the othe: papers deal with very restiicted aspects 
of the subject, for example, chromosome bieakage in 
Astroloma and effect of chromosome inversions on size and 
viability of grasshoppers, while others, such as those on the 
origin of hfe, the evolution of dominance, and the survival 
of the mediocie, mo clearly of more general interest 
The 16 papers included in the second part of the volume 
are concerned with the distribution and evolution, of the 
Australasian fauna and flora, and provide a wealth of 
detailed information dispensable to anyone with an 
interest in the fauna and flora of this aea 
In considermg the origin and distiibution of the animals 
and, plants of the southern continents, one’s attitude to 
the theory of continental drift becomes crucial in & sense 
that it scarcely eve: does when dealing with groups 
1estricted to the northern hemisphere, where the move- 
ments of the continents relative to one another have been 
much less Acceptance or non-acceptance of the theory 
of contmental drift not only affects at various levels the 
manner m which factual evidence of past and present 
distributions 1s interpreted, but ıt also seriously affects 
conceptions about the phylogeny of many groups For 
these 1easons ıt seems a pity that more attention has not 
been directed to this basie problem, although the few 
authors who have touched on ıt seem to reject the possi- 
bihty of continental drift H E HINTON 
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Symbiotic Associations 

Thirteenth Symposium of the Society for General Micio- 
biology held at the Royal Institution, London, April 
1963 Edited by P S Nutman and Barbara Mosse 
Pp x+356 (London Cambridge University Press. 
1963) 50s , 9 50 dollars 


HE Society for General Microbiology has a well- 

deserved reputation for its symposia They are 
planned to cover a wide field and to point toward future 
developments, and not simply to summazize existing 
knowledge ona narrow topic This, on symbiosis in. miero- 
organisms, 18 another worthy successor in the series It 
shows both the strength and weakness of this approach 
The topics range from bacteriophages to lichens Every 
microbiologist will surely find fasemating new facts on 
material which is unfamiharto him This wide appeal is 
the result of the wide range The weaknesses are also 
apparent Few of the articles are detailed and up-to-the- 
minute reviews of the kmd that are so much m demand 
nowadays This 1s expected as a necessary consequence 
of the general pohey of these symposia However, more 
serious defects aie seen in a few of the contributions In 
some the subject-matter has not been related carefully to 
the problem of symbiosis This ıs particularly marked m 
the section on bacteriophages In others the theory of 
symbiosis 1s skummed over The standard of writing 1s 
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nevertheless commendable, and nearly all the articles me 
easy to follow 

The chapters fall into three sections First, there is an 
introduction by R Dubosand A Kessler This, on general 
factors of symbiosis, 1s strmulating but not very clearly 
written The second section 1s entitled “Plant Associa- 
tions’? It meludes sections on lichens (surely among the 
most remarkable forms of life), on legume nodules, and on 
mycorihiza The third section ıs on animal associations, 
many of which are fascinating, fo. example the symbionts 
of insects, discussed by Marion A Brooks, and the chapter 
on algae and invertebrates by M R Droop J M Baker 
contributes a fine chapter on the ambrosia beetles and 
their fungi: Two articles deal with associations m the 
1umen ‘The book ıs well produced, and errors ale com- 
mendably few P H A SNEATH 


Quantum Statistical Mechanics 

Green’s Function Methods m Equhbrnum and Non- 
equilibrium Problems By Dı Leo P Kadanoff and Di 
Gordon Baym (Frontiers of Physics a Lectuie Note and 
Reprint Seres ) Pp xi1+203 (New York W A Benja- 
min, Inc , 1962) 495 dollais, paper, 6 95 dollars, cloth 


HE prineipal problem of quantum statistical mech- 
anics 1s the many-body problem It consists essentially 
of finding methods for evaluating equilibrium and non- 
equilibrium characteristics of large assemblies of particles 
Recently new methods for investigating this problem have 
been developed which are based on the mathematical 
techniques of quantum field theory One of the most 
effective of these techniques 1s the quantum mechanical 
Green’s function method developed by Martm and 
Schwinger This book consists of a set of lectures on this 
Green’s function method by two of their former students 
In all, there are thirteen chapters The fist five are 
devoted to the origmal work of Martin and Schwinger on 
the equilibrium Green’s function and to methods for 
deriving approximations to the Green’s function The 
following six chapters outlne a theory of non-equilibrium 
phenomena, meluding a generalization of Boltzmann’s 
equation with apphcations to sound propagation and 
the Landau theory of Fermi hquds These six chapters 
owe much to the origmal research of the authors The 
last two chapters discuss the use of the shielded potential 
to describe a Coulomb gas and the application of the 
two-body scattering matrix approximation to systems with 
short-range mteractions 
Being essentially a collection of lecture notes the style 
is informal and at times brief, with an emphasis put on a 
mathematical analysis of the problems discussed There 
is no index and, except for a list of supplementary reading 
matter at the end, there are few references The lectures 
are suitable only for the serious student of statistical 
mechanics who 16 famihar with quantum mechanics and 
with second quantization Such a student should find this a 
useful addition to his hbrary The book would be of httle 
use to the student who wishes only to apply statistical 
mechanical 1esults to specific problems F J SMITH 


Abstract Harmonic Analysis 

By Piof Edwin Hewitt and Prof Kenneth A Ross 
Vol 1 Structure of Topological Groups—Integration 
Theory—Group Representations (Die Grundlehren der 
Mathematischen Wissenschaften, Band 115) Pp vm+ 
519 (Berlhn Springer-Verlag, 1963) 76 DM 


N the theory of Fourie: series one deals with periodic 
I functions, which may be considered as functions 
defined on a eurcle, with the circular functions sine 
and cosine taking a special role The subject of this 
book, abstract harmonic analysis, can be regarded 
as a vast generalization of the theory of Fourier series 
in which the cwele is replaced by any topological 
group, which 18 either compact or locally compact and 
Abelian (The case of a non-Abelian group, which is only 
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locally compact, has a less complete theory and 1s outside 
the scope of the present work ) In the generalized theory, 
the role of the circular functions 1s played by the matrix 
elements of the wreducible matrix representations of the 
group It ıs remarkable how many of the theorems about 
Founer series survive such a broad generalization 

The development of the theory requires a great deal of 
special knowledge about topological groups, mtegration 
theory and mvariant measures on groups Even though 
the authors do not hesitate to refer to standard texts 
whenever possible, thew treatment of this preparatory 
material occupies the first half of the volume, and consti- 
tutes a valuable addition to the text-books of these 
subjects Only in the last two chapters, on convolutions 
and group representations and on characters and duality 
of locally compact Abelian groups, does the harmonic 
analysis proper begin Full details of the subject are 
reserved for the second volume There are appendixes on 
Abelian groups, topological linear spaces and normed, 
algebras, and a, good bibliography 

Text-books at this advanced level not uncommonly 
make very heavy reading, and so it 1s a pleasure to report 
that the authors have obviously made great efforts to 
ease the way for those readers who are not already experts 
Thus the proofs are written out m very good detail An 
abbreviated first route through the book 1s recommended 
Nearly all the twenty-six sections contam a large collec- 
tion of examples and miscellaneous theorems to round out 
the general theory There are also notes commenting on 
the history of the leading ideas of the section, and giving 
references to alternative treatments and further develop- 
ments Thanks are due to the authors for producmg a 
book which will serve well both students and experts in 1ts 
subject T A § Jackson 


Textbook of Organic Chemistry 
By Prof Alexander Gero Pp 1x+679 (New York and 
London John Wiley and Sons, Inc, 1963) 72s 


ROF. GERO has had long experience of industrial 
research and university teaching, and the latter 1s the 
basis of this book Although ıb starts with an mtroduc- 
tory survey of organic chemistry and of electronic theory 
it 18 a university book rather than one for schools, 

A preliminary fifty-page chapter deals with relatively 
simple compounds and their reactions A second one 
deals with fundamental theories, explainmg the nature of 
organic reactions on the valence-bond theory rather than 
on molecular-orbital theory which Prof Gero finds less 
suitable for many of his students owing to their madequate 
background of physics and mathematics The latter 
theory ıs included m a penultimate chapter A final 
chapter 1s on physical methods used in organic chemistry 
It discusses concisely the use of the polarimeter and pH- 
meters, of ultra-violet and infra-1ed spectroscopy, molecu- 
lar resonance and various resonance spectra 

Separation of alphatic from aromatic compounds 1s 
abandoned after the prelummary chapter, and related 
types, for example, alcohols and phenols, are considered 
together Physical properties recerve full consideration, 
but the aim ıs not a load of facts but a balance of them 
with theory so that the student shall ‘understand how 
and why reactions take place” Practical stiuctions are 
not part of the book The main part of the book com- 
prises twenty-three chapters on groups of compounds 
selected for their importance m giving a worth-while 
picture of the subject, two on stereochemistry and one each 
on the hydrocarbon-based industries and the plastics 
industry and polymerization There are two chapters on 
polyfunctional compounds, three on heterocycles and one 
each on isoprenoids and steroids Many chapters conclude 
with a useful summary and almost all of them with a 
selection of questions 

The book 1s produced to the high standards that are to 
be expected from American text-books H DUNNICLIFF 
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Birds of Hampshire and the Isle of Wight 

By Edwin Cohen Pp xu+278+16 plates 
burgh and London Oliver and Boyd, Ltd, 
30s net 


Ox of the signs that birds are the most popular 
group of animals among British naturalists is the 
existence, for every county m England and most of those 
in Wales, of a book or at least a booklet devoted entirely 
to their birds But so great has been the merease in our 
knowledge of the migration and breeding distribution of 
British birds resultmg from the remarkable upsurge of 
amateur observation m the past thirty years, that any 
county avi-fauna not published within that period (or 
indeed within the past ten years) ıs likely to be seriously 
out of date This was certainly the case with Hampshire 
and the Isle of Wight, where the standard work dated 
from 1905, and this new book by Edwin Cohen, who has 
for so long been associated with the county’s ornithology, 
will therefore be most welcome to bird watchers both in 
and out of Hampshire 

Much of the value of such a work depends on the 
thoroughness with which the author has both combed 
the vast and scattered hterature and vetted the records 
of raiities, in these respects Mr Cohen has been ex- 
emplary ‘Though the mam part of the book consists in 
the usual annotated systematic list of the dividual bird 
species, there are also some useful mtroductory chapters 
D W Wray writes on geology, Mrs A K Hunt on 
botany, and six authors deal with birds in relation to 
habitat and land use in the county divided mto seven 
regions J § Ash on the Fordingbridge area, D F 
Bullett on the south-east corner, B L Jones on north- 
west Hampshire, J Stafford on the Isle of Wight, J H 
Taverner on the Winchester area and part of the Solent 
shore, and the author himself on his home region, the 
New Forest RS R Frrrer 
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A Study of Reptiles and Amphibians including their 
Care as Pets 

By Alfred Leutscher Pp 80 (London Blandford Press, 

Lid , 1963) 10s 6d 


LFRED LEUTSCHER has written yet another 
popular account of reptiles and amphibians intended 
for the lay reader Three-quarters of the text 1s a thumb- 
nail sketch of the origm, evolution, classification, biology 
and habits of the reptiles and amphibians, with a short 
chapter on popular misconceptions The remaimmg quarter 
concerns the care of these creatures in captivity and simple 
experiments and observations that nature groups and 
others might carry out For the person to whom herpet- 
ology ıs a new interest a fam background to the subject 1s 
given, but some wildly maccurate facts and figures are also 
presented and an outdated classification of the amphibia 
used, which suggest that the author 1s unfamiliar with the 
hterature and with many of the animals 
A few examples will suffice In describmg caecilians, the 
author states that “behind each eye is a small tentacle on 
the face” The leathery turtle ıs defined as having “a soft 
leathery skm with only a few bones in ıt”, there are m 
fact many hundreds The pineal eye of the tuatara 1s 
reported as possessing an 272s (My italics ) But the most 
astonishing definition is that given to the Reptilia ‘they 
are distinguished from all other vertebrate animals m 
having lungs and limbs, and thew bodies covered m a 
protection of scales’. Into this category the unmuitiated 
might glesfully place the armadillo, pangolin and the lung 
fishes Whule the photographs are good, the hne drawmgs 
are of limited use and some are even grossly maccurate 
If a competent illustrator was not available, reproduction 
of early figures of snake skulls would have been infimtely 
mois reliable than the author’s diagrams, which feature a 
puzzling arrangement of bones with an apparently 
fractured pterygoid hmged to the lower jaw 
G C GrRanpison 
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THE ROYAL SOCIETY 
ANNIVERSARY ADDRESS * 
By Sn HOWARD FLOREY, P.R.S. 


AWARD OF MEDALS, 1963 
Copley Medal: Sir Paul Fildes, F.R.S. 


IR PAUL FILDES has the enviable distinction of 
being the pioneer chiefly responsible for opening up a 

vast new field of microbiological research His early 
studies, more than half a century ago, on the growth 
factors of Haemophilus unfluenzae and related organisms 
and his elucidation of conditions requisite for the sporula- 
tion and germination of anaerobic bacteria of the tetanus 
group, both n miro and m the infected animal, were 
notable achievements in their own right Their chief 
importance, however, lay m the fact that they convinced 
Fildes that the key to the rational control of microbial 
infections lay in a full knowledge of the nutritional require- 
ments of the causative organisms and elucidation of the 
biosynthetic precursors involved in the utilization of 
essential nutrients He was probably the first to recog- 
nize the necessity of close collaboration between bacterio- 
logists and biochemusts for fruitful vestigations along 
this lne of approach To this end he established in 1934, 
under the auspices of the Medical Research Council, a 
team which, under his leadership, pioneered the way mto 
the field of bacterial chemistry 

Of the many notable discoveries resulting from the work 
of his unit perhaps the most outstanding was the demon- 
stration of the inhibitory action of the sulphonamide 
drugs on the utilization of p-amino-benzoic acid in bacter- 
1al synthesis This discovery provided the stimulus for 
the mtensive search for analogues of essential growth 
factors for use as chemotherapeutic agents, a search 
which is still bemg carried out on a world-wide scale 

The mfluence which Fildes’s work has had on biological 
research extends far beyond the realm of medical miero- 
biology Stemming from his discoveries came the realza- 
tion that bacteria provide the best material for the 
investigation of many of the fundamental, and nterlmked, 
enzymatic processes on which the life of higher organisms, 
including man himself, depends Equally the develop- 
ment of bacterial genetics would have been impossible 
without the background of knowledge derived from the 
exploitation of his early concepts 

Fildes still continues in active research, and during 
recent years has published important papers on mter- 
actions between bacterial viruses and bacterial host cells 


A Royal Medal. Prof H. H. Read, F.R S. 


Prof Read has achieved an international reputation 
foi the contributions he has made to the understanding 
of metamorphism and the interpretation of granites. 
Tramed ın the hard practical school of the Geological 
Survey before he entered academic hfe, he has always 
appreciated that theories of space and time m geology 
must stand up to the observed facts of field work It ıs 
for this reason that his work on low-load metamorphism, 
metamorphic differentiation and polymetamorphism has 
placed him in the acknowledged position of a leader with a 
large and successful school of workers followmg the 
directions ın which he has pointed 

His work on migmatites led him to look at the problems 
posed by the existence of granites and to develop the 
concept of the Granite Series In his famous book The 
Granite Controversy, he fitted granites according to their 
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composition, form and environment into the framework of 
mountain, fold or mobile belts From an international 
pomt of view, 1t ıs for this work that he ıs probably 
best known, but we should not forget the many pieces of 
carefully detailed field mnterpretations of Scottish meta- 
morphic and igneous rocks, nor, on a different plane, his 
abilty to write excellent text-books 


A Royal Medal: Dr Robert Hill, F.R.S. 


Dr Robert Hill is distinguished for many original 
contributions to biochemistry but particularly for huis 
outstanding work on the processes involved in photo- 
synthesis His first research on the affinity of different 
hemoglobins for oxygen led to the development of a 
sensitive quantitative test for measuring oxygen produced 
in reaction systems, and by applying this test to isolated 
chloroplasts he discovered the now famous Hull reaction 
He demonstrated that isolated chloroplasts have oxido- 
reductive systems activated by hght, that oxygen produc- 
tion 1s independent of carbon dioxide fixation but requires 
an electron acceptor, which need not be specific because 
naturally occurring compounds could be replaced by such 
substances as ferric oxalate His identification of the 
hght-induced reaction with the photolysis of water 
imtiated current mvestigations m cell-free systems of 
the photochemical phase of photosynthesis, and his lucid 
formulations of the problems contam most of the con- 
cepts on which work fruitfully proceeds Hull recognized 
an enzyme involved ın the oxygen-yielding system, and 
this was later purified and crystalhzed He also identified 
cytochromes peculiar to chloroplasts, and ıt 1s generally 
accepted that these are concerned im an electron transport 
system connected with photosynthesis Although Hill 
is best known for his work on photosynthesis, he has also 
contributed much to knowledge about the role of cyto- 
chromes in respiration, and he was one of the first to 
investigate isolated mitochondria, from plants His 
remarkable insight into biochemical processes has kept 
him consistently as a pioneer, able to design experiments 
that seem simple because they are made without elaborate 
equipment but that produce decisive and novel results. 


Davy Medal. Dr E J Bowen, FR.S. 


Dr Bowen has made many contributions to physical 
chemustry, but undoubtedly his main work has beon the 
investigation of phenomena involving the mteraction of 
matter and radiation He was among the first to examme 
the mechanism of photochemical processes in terms of 
quantum theory at a time, forty years ago, when the 
significance of Einstein’s law of photochemical equivalence 
was not clear He investigated the photo-decomposttion 
of a number of simple gases such as ozone, the hydrogen 
halides, and the oxides of chlorme Some of these reac- 
tions show simple behaviour, and Bowen’s results, to gether 
with those of Warburg provided some of the earhest 
verifications of Emmstein’s law Other reactions, however, 
showed deviations from the law, and Bowen studied 
further the decomposition of aldehydes and ketones 
and the photo-oxidation of hydrocarbons and alcohols. 
Low quantum yields in liquid-phase reactions were 
attributed to primary recombination, and high yields to 
chain reactions 

His attention later turned from photochemistry to the 
phenomena of luminescence, phosphorescence and fluores- 
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cence, and particulaaly to the quenching of fluorescence 
Much of his work was done with anthracene and other 
polynuclear hydrocarbons such as rubrene, naphthacene, 
pentacene and coronene For anthiacene he demonstrated 
elegantly the mterrelation between fluorescence, photo- 
dimerization and photo-oxidation The relative efficien- 
cies of different molecules in quenching fluorescence gave 
information about the variety of mteractions involved, 
ranging from perturbation by van der Waals forces to 
highly specific transfers of electronic energy <A know- 
ledge of the absolute magnitudes of quenching efficiencies, 
together with their variation with temperature and 
viscosity, yields information about collision processes in 
liquids which ıs difficult to obtain ın any other way 

Some of Bowen’s earliest work was on chemical reactions 
and fluorescence im solids, and iecently he has returned 
to an investigation of fluorescence ın solids and gases 
In particular, his work on solid solutions of naphthacone 
in anthracene shows how a photon absorbed by one com- 
ponent can be transferred over considerable distances ın 
the solid before 1t excites fluorescence of the other com- 
ponent, this kind of energy transfer ıs of umportance for 
theories of the solid state He has always been interested 
in the appheation of fluorescence and other optical 
measurements to other sciences, and has published papers 
on the use of fluorescence for analysis, the action of hght 
on dyes, photosynthesis, and a method for making visible 
streamlines in fluid flow 

A marked characteristic of Bowen’s experimental work 
has been the skilful use of sumple apparatus 


Hughes Medal Prof F. C Williams, CBE, FRS 


Prof Williams’s war-time contributions to the develop- 
ment of radar were mevitably somewhat obscured by 
the circumstances of the time, but ıt was generally under- 
stood that they were of considerable importance They 
were recognized by the awaid of an OBE ın 1945, and 
he received the premier premium award of the Institution 
of Electrical Engineers, the ‘Institution Premium’, for a 
group of papers on pulse techniques and associated cir- 
cuitry which he presented to the IE E Radar Convention 
held in 1945 

On returning to the University of Manchester in 1946, 
his primary mterest became the development of digital 
computing machines, ın collaboration with T Kilburn, 
and he soon perfected a cathode-ray-tube storage system 
which formed the central part of the Manchester com- 
putor which began to operate in 1948 This was the 
prototype of the first Ferrant: Manchester Mark I machme 
which was mstalled in the University in 1951, and this 
machine was unquestionably the first commercially made 
saleable machine ın the world In addition to the cathode- 
1ay-tube store, several other novel features were mcorpo! - 
ated which are common to most present-day digital 
computors Wilhams was the inspiration. behind the early- 
stage development of digital computors in Great Britain 
and his work exercised a considerable influence on simular 
developments ın other parts of the world 

Later his mnterests turned from electronics to electrical 
machines Has objective ıs to devise a brushless variable- 
speed ac motor and some progress has been made towards 
this It appears that practically any pair of ‘even 
pole number’ speeds can be provided by his method 
using a simple switchmg system, and that at least five 
speeds can be obtained at the cost ot rather more com- 
plex switchmg arrangements There seems little doubt 
that these machines will find rapid acceptance in industry, 
since the two-speed, version shows a saving of one or two 
frame sizes over the double-wound equivalent 

This work ıs now being extended to cove: multi- 
frequency alternators by pole-changimg methods, and 
various schemes are under consideration for application 
to electric and Diesel electric traction Present experi- 
ments are concerned with the application of semi-condue- 
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tors to rotating machines In all this machine work, 
Willams has been ably assisted by many colleagues, 
but the inspiration has again come from him 

The quality of his work and of his authorship may be 
judged from the fact that he has been awarded, ether 
individually or im association with his staff colleagues 
and research students, no less than nine premiums of the 
Institution of Electrical Engineers, including the Kelvin 
and the Sylvanus Thompson Premiums each on two occa- 
sions 
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Leverhulme Medal: Dr A J P Martin, CBE, FRS 


Dr A J P Martin has been the central figure in the 
development of chromatography, the outstanding advance 
m the techniques of chemistiy for the past quarter of a 
century 

The most important part of this work was carried out 
during his service as a chemist at the Wool Industries 
Research Association m Leeds (1988-46) and later on the 
staff of the Medical Research Council in London (1948-56) 
Through this period, and particularly during the past 
fifteen years, chromatography has emerged in a variety of 
forms as a method of analysis, separation and purification 
of the greatest value to chemistry Dr Martin’s outstand- 
ing contributions to this explosive growth have been 
widely recognized by numerous awards including that of 
the 1952 Nobel Prize for chemistry (jomtly with Dr 
R L M Synge), the Berzelius Gold Medal of the Swedish 
Medical Society (1951) and the Franklin Institute Medal 
(1959) 

The methods of chromatography have become so much 
a part of chemical practice, and in so short a time, that 
they scarcely call for description Like distillation, crystal- 
lization and titration, they form part of chemical opera- 
tions ın laboratories throughout the world In all the 
main. sections, paper chromatography, column or partition 
chromatography, and the later gas chromatography, 
Martin played a leading pait, and his work led on to later 
technical modifications and extensions such as 10n- 
exchange and 1eversed-phase chromatography His ım- 
ventiveness, rmagination and resourcefulness have been 
hnked with a full understanding of basic prinezples, and 
have enabled earlier disconnected observations to be 
conveited into sound general methods of extraordinary 
and sweeping range Paper and partition chromato- 
graphy enabled new fields of organic, biochemical and 
medical research to be successfully attacked, and later 
appheations to morganic analysis have been of great 
benefit Gas chromatographic procedures, with then 
auxihary methods of detection and measurement, have 
attained a remarkable elegance and have piesented the 
chemical and petroleum industries with a most valuable 
analytical tool 

The applications of chromatography to-day are fan- 
tastically diverse They range fiom the mnvestigation of 
cosmology to that of disease, and from the evaluation of 
mineral deposits to that of Old Masters 


ACCOMMODATION OF THE ROYAL SOCIETY 


This year I have been faced with more than the usual 
difficulties in deciding what I should say in this anniversaiy 
addiess I wrote one version in a euphoric frame of mind 
engendered by perfect weather enjoyed in the shade of 
banana trees not very many miles from the monument 
to Captain Cook’s landing m Tahiti to observe the transit 
of Venus In that respect the address might well have 
been unique But a return to the less salubrious climate 
of Great Britain has forced me to admit that the full 
course of the negotiations for improved accommodation 
for the Society has not yet been run Nevertheless I 
have some reason to believe that they will be successful, so 
that with the agieement of the officers I will try to tell 
Fellows what 1s happening and where we stand 
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Fig. 1, Gresham College 


Some of the older Fellows will remember that Sir Henry 
Dale devoted his presidential address of 1943 to a con- 
sideration of the accommodation of the Society, which 
was not only inadequate for its activities at thst time 
but had been so for many years. He gave a sketch cf the 
previous arrangements for the housing of the Society 
and drew some conclusions not only about our own post- 
War needs but also about those of numerous other scienti- 
fic societies. To give a background to what I have to say 
about present developments, I propose to repeat some of 
his remarks in the hope that the older Fellows will not 
have a clear recollection of what Sir Henry said and in 
the confident belief that few of the younger Fellows read 
former anniversary addresses. 

The question of a building in which it could function 
affectively has exercised the Society on and off ever since 
its beginning. Soon after its foundation the eriginal 
rooms which had been put at its disposal by Gresham 
College (Fig. 1) had to be evacuated because the Collego 
was needed for the Royal Exchange—the buildings of 
which had been destroyed in the fire of London in 1666. 

Mr. Howard. who was later to be the sixth Duke of 
Norfolk, then offered the Society rooms in Arundo! House 
(Fig. 2) the site of which is now marked by Arundel 
Street and Norfolk Street near the Strand. This offer was 
gratefully accepted by Council. and the first meetings were 
held in Arundel House in January 1667. These rooms 
were occupied for six and a half years, during which time 
Council began to discuss the provision of more permanent 
accommodation. and. in the modern manner, appointed 
a Committee which, as is sometimes the case in cur own 
la ə.: It was perhaps not to be unduly 

opes were raised by the gift of 
Society by Charles II. But the 
ortunately dilapidated and in need of 













repair, and in spite of strenuous efforts money could not 
be raised for their restoration. Generous donors were, 
however, not entirely lacking, for Mr. Howard gave the 
Society 4,000 sq. ft. of the grounds of Arundel House on 
which to build. Unfortunately difficulties arose with regard 
to this site and, what was ultimately more serious for the 
Society, with regard also to the Chelsea Hospital site. So, 
in spite of apparently great efforts, nothing came of the 
negotiations, and to the lasting and serious deprivation of 
the Society the Chelsea site was handed back to Charles 
TI in 1682 for the payment of £1,300. Jt was. to be sure, 
quite reasonable for the President and Council of the 
day to consider this to be in the best interests of the 
Society. and no doubt we should have taken the same 
course to-day if confronted with the same situation. 

During this period Hooke made proposals for building 
what was described as a “handsome fabric for the Society’s 
use, with a library. repository, laboratory and other 
conveniences for making experiments”. But it appears 
that he never put his plans on paper. 

Another effort which came to nothing was to include 
rooms in a rebuilt Gresham College. Wren was asked to 
consider what accommodation the Society needed and to 
produce a suitable design. Unfortunately the proposals, 
which had the full support of Gresham College. were 
among a number connected with the College which needed 
an Act of Parliament for their implementation. and the 
Act when brought before the House was rejected at the 
first reading. This made it necessary for Council to take 
vigorous measures to find premises, thoir efforts being 
stimulated when the Mercers’ Company let it be known 
in 1705 that they were not prepared to let the Society 
have any room at all in Gresham College. Many explora- 
tions were made, including a petition to Queen Anne for 
a grant of land at Westminster; but they came to nothing 











Fig. 2. 


until in 1710 two houses were bought in Crane Court 
where the Society remained until 1780 (Fig. 3). 

The bald statement that the houses were acquired 
scarcely conveys the effect on some of the Fellows of this 
decision by the President, Sir Isaac Newton, and Council. 
There was a stormy meeting about the proposals and a 
good deal of acrimonious comment was made; but this 
did not deflect the President and Council in whose com- 
petence the decision rested. The President, it seems, 
behaved with mule-like obstinacy. But within a short 
time all this was forgotten, and although the aecommoda- 
tion of Crane Court was never adequate the Society 
flourished there to such an extent that it acquired a 
reputation as a body of national importance, with the 
result that in 1778, thanks to the personal interest of 
George ILI, the Government agreed to provide rooms rent 
free and indeed free from any financial obligations at all, 
an arrangement which has happily continued ever since. 

Discussions took place to accommodate the Society in 
the new Somerset House (Fig. 4), which was to be designed 
by the architect Sir William Chambers to house a number 
of bodies, including the Royal Academy. The space 
offered to the Society seemed to the Council to be inade- 
quate, but after some rearrangement of the rooms had 
been proposed it was concluded that the conditions were 
so favourable that the Government’s offer should be 
The houses in Crane Court were consequently 
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Arundel) House 


The rooms in Somerset House were never sufficient for 
the Society’s needs, although the meeting room was 
certainly elegant. By 1852 the congestion had become so 
acute that the Library Committee recommended that 
Council should raise with the Government the whole 
question of the future accommodation of the Society. 

About this time the idea took root that it was desirable 
to bring the major scientific societies under one roof, by 
which arrangement they could share meeting rooms of 
various sizes and have co-ordinated library facilities 
without impairing the independence of the societies. 
Considerable pressure towards this goal was exerted by a 
newly formed dining club, the Philosophical Club, which 
had started to consider the preparation of a memorandum 
on the subject as early as 1847. It appears that it was 
through this Club that a proposal was made that the 
Society should endeavour to obtain Burlington House 
from the Government in place of the rooms in Somerset 
House, and in 1856 this was proposed in an official letter. 
The Government were not then in a position to give a 
definite undertaking, but agreed that at least temporary 
premises should be provided in Burlington House for the 
Royal Society and some others. This offer was accepted 
(Fig. 5). Burlington House has undergone a number of 
changes. Originally it must have been a very desirable 
and commodious town residence. It was altered by the 
Lord Burlington of the day according to the plans prepared 
in 1717, after which it probably remained essentially 
unaltered so far as its exterior was concerned until the 
middle of the nineteenth century when it appeared as 
shown in Fig. 6. | 
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In the interval between the Great Exhibition of 185 
and the acceptance of the Government's offer of Burlingto: 
House another suggestion had been made. With the 
profits of the Exhibition, land had been purchased im 
Kensington Gore, andit was proposed to group the most 
important scientific societies there. However, the scheme 
was rejected by the mterested societies, who wanted a 
more central position, for at that time Kensington Gore 
was almost in the outer suburbs. The idea of what has 
recently been called a ‘Science Centre’ was thus clearly 
formulated by our predecessors more than a century ago. 

The occupancy of Burlington House by the Royal 
Society, which began in 1857, did not long remam undis- 
turbed, for in 1866 the Government decided to allocate it 
to the Royal Academy. The manner in which this event 
was announced seems to indicate that the Royal Society 
was not esteemed as highly in ruling Government circles 
as the Fellows might have wished or may indeed have 
imagined, or that in some way it had been outmanouvred. 
The first information that the Society had of the impending 
move came from the columns of The Times of 1867 in the 
form of a statement that the Government had decided to 
give the Royal Academy a permanent lease of Burlington 
House with the right to extend northwards. Sir Edward 
Sabine, the President, was away at the time——-let me hasten 
to add very properly so, as it was during the summer 
vacation-—but then, as now, the Society had an alert 
treasurer, Prof. W. A. Miller, who promptly wrote to the 
Prime Minister, Lord Derby, to enquire if the announce- 
ment was true. It was. 

The Government wished to use the building the Royal 
Academy occupied in Trafalgar Square for what is now 
the National Gallery, and so the Academy had to move. 
To what better place than Burlington House? The Royal 
Society then went through five years of considerable 












Fig, 4. The Meeting Room in Somerset House 
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difficulty, and, I have no doubt, discomfort and annoyance 
“while the Burlington House that we know was constructed. 

~ The Royal Society was then allotted its present rooms, 
the occupation of which was completed by November 30, 
1873, when the anniversary meeting was held here. 

The utilization of the magnificent site surrounding 
Burlington House for scientific societies was further 
complicated by the construction of what is now known 
as Burlington Gardens on the northern portion of the area. 
Burlington Gardens was built to accommodate the 
University of London, and as it was principally to be used 
for examinations it was constructed with a number of 
extremely large rooms. 

As Sir Henry Dale pointed out, a magnificent opportun- 
ity to provide adequately for the growing scientific 
societies was lost, for the buildings allotted to thern around 
the quadrangle on the Piccadilly side could not be enlarged, 
and even when first constructed they were not more than 
sufficient for present-day needs. Nor could the original 
conception of some integration of the facilities of the 
societies be carried out. 

The Society had not occupied its present rooms for 
long before pressure on space began to grow once more. 
This was already evident by 1900 when at a meeting of the 
Council of the Society held on March 22 “the Senior 
Secretary reported that, having learnt in an indirect 
manner that the Government was considering how to 
make use of the building in Burlington Gardens, about 
to be vacated by the University of London, he had written 
privately to Lord Esher explaining that the present rooms 
occupied by the Society were rapidly becoming inadequate 
for its proper accommodation and desiring him to consider 
whether the Society might not with advantage be trans- 
ferred to the above vacant building”. But this was not to 
be, and the Civil Service Commission was installed in 
Burlington Gardens (Fig. 7). 
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The pressure on space has continued to build up. Some 
indication of the growth of the activities of the Society 
is given by the fact that there are now over 100 commit- 
tees-—committees, let it be emphasized, which actually do 
something-—and that to serve them and the other functions 
of the Society the permanent staff has grown from 2 in 
1873 to 70 in 1963. Fellows who have inspected the 
premises in detail in recent years must have been aston- 
ished at the cramped and inadequate conditions under 
which the constantly growing executive staff have been 
doing their work with such efficiency and success. 

In the anniversary address of 1950 Sir Robert Robinson 
gave a résumé of the negotiations that had been going on 
since 1944 for the improvement of the accommodation of 
scientific societies. These negotiations culminated in 
proposals to establish a ‘Science Centre’ which was to 
house a number of societies including the Royal, as well 
as Government scientific organizations such as the Depart- 
ment of Scientific and Industrial Research. This centre 
was to act as a focus for both national and international 
scientific activities. Tho site chosen for the centre was 
on the South Bank, and the Government offered to finance 
the project. The President said: “All the fundamental 
aspects have been agreed in principle and, if we are now to 
be disappointed, it can only be as the result of some 
grievous calamity”. The fact is that the offer of the 
CGovernment-was withdrawn in 1958. What the judgement 
of posterity will be it is impossible to say, but I sometimes 
have a fleeting thought when looking at the splendid 
panorama of the Thames from the Festival Hall that our 
successors may want to know why this scheme did not 
come to fruition, and no doubt this will furnish an inter- 
esting article for Notes and Records in, say, fifty years’ 
time. 

The problems of accommodation continued to press, 
and so about three years ago I enquired from the Execu- 





Fig. 5. Old Burlington House 
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Fig. & Burlington House in 1368 


tive Seeretary what the position was. He told me that a 
plan had been produced by the Ministry of Works in 
1960 for sharing out the space in Burlington Gardens, 
which was about to be evacuated by the Civil Service 
Commission, among the scientific societies and others. 
The plan was considered to be inadequate by Council, 
and the Ministry of Works was asked for other suggestions. 
In December 1960 the Executive Secretary placed on my 
desk an article which had appeared in The Times directing 
attention to the fact that as the Government did not 
propose to build a new Foreign Office on the site of Carlton 
House Terrace the future of the buildings there was 
uncertain. A spokesman for the Crown Estate Commis- 
sioners, who was apparently somewhat vague, mentioned 
thatit might be suitable as headquarters of cultura: bodies. 
As we all consider that even to-day science has not totaily 
lost its place as a part of the national culture, tho Royal 
Society seems to qualify and Carlton House Terrace was 
in due course inspected by the Officers (Fig. 8). 
In the meantime revised plans for cutting up Burlington 
Gardens were produced by the Ministry of Works. The 
presidents of the societies around the courtyard of Burling- 
ton House were informed, and a composite inspection 
party invaded Burlington Gardens. Suffice it to say that 
the offi f the Society considered the proposed arrange- 
me insatisfactory and that accommodation in 
errace would be much preferred. Accord- 
plication was made to the Treasury for 
assistance to enable us to occupy houses 
3 application was refused on January 25, 























he matter might have rested if it had not been 


trivial events can affect their corporate life just as much 
as their experimental results. 

~ For the first application to the Government the officers 
had prepared documents setting out why the Royal 
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With this backing we again approached the Treasury 
to see whether it would agree to pay the rent, as it has 
done for our premises for more than 180 years, if we raised 
a substantial amount for the capital cost of alterations. 
It agreed to consider the matter again. In the meantime 
further generous promises were given us—£50,000 from 
the Wolfson Trust, £60,000 fron the Weileome Trust, 
£1,000 from Mr. L. F. A. d’Erlanger and £500 from 
Hambro’s Bank Ltd. 

In view of this backing from private sources, Her 
Majesty’s Government, as was announced in Parliament 
on November 28, has agreed to pay, subject to Parlia- 
mentary approval, a sum of the order of £45,000 per annum 
to the Crown Estate Commissioners, who act for the Crown 
in respect of Carlton House Terrace. This will pay the 
rent and for the upkeep of the exterior of the building. 
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Fig. 8. Carlton House Terrace, 1063 


Clearly Council has had to satisfy itself that the new 
accommodation will be better than the rooms we are at 
present occupying. In making this assessment we have 
had the very great advantage of securing the advice of 
Sir William Holford, who, as a fraternal gesture from the 
Royal Institution of British Architects, prepared some 
preliminary plans. Indeed, if it had not been for his 
backing of the idea that the Society could be satisfactorily 
housed in Carlton House Terrace, it may well bo that the 
Treasury would have remained unconvinced of the desir- 
ability of our schemes. 

Tentative plans show that in Carlton House Terrace 
we can have an ample number of committee rooms and 
one meeting room to hold about 280 people, another 
to hold about 100 and a third for lesser numbers. It may 
be possible to use the two larger meeting rooms as one if 
the occasion should demand this. There will, of course, be 
è library. There will be adequate office accommodation 
for the officers and the permanent staff. An innovation 
will be the provision of a bar and a dining room so that 
the social activities of the Society can be enlarged. Some 
six bedrooms, which can be occupied by Fellows and which 
may be of particular value for visitors from overseas, are 
planned, and also a flat for the use of the Executive 
Secretary. 

_ Wren recommended, when considering his designs for a 
building for the Society, the provision of “a place . . . so 
seated in the said ground that the coaches of the members 
(some of which are of very great quality) may have easy 
aceess...''. In the Carlton House site there will be some 
garages and parking space for additional cars—-for modern 
Fellows without reference to their quality; and, of course, 
we shall occupy one of the finest sites in London. 

These in bare outline are the main proposals. Fellows 
will, no doubt, realize that mueh of the negotiation 
associated with trying to acquire the new premises has 


had to be quite confidential, but three successive Councils 
have been kept fully informed of what was afoot. No 
dissentient voice has been raised. It is earnestly to be 
hoped that the Fellows will accept the new arrangements 
if they can be completed as being a substantial improve- 
ment in the Society’s resources, although we shall all have 
regrets at leaving our present splendid library and 
council room. 

Negotiations are still proceeding with the Crown Estate 
Commissioners on some architectural arrangements. Until 
these are completed no agreement can be initialled. We 
wre not unhopeful of a successful outcome. 

We are all immensely grateful for the extraordinarily 
generous response to our appeals by the Foundations and 
individuals I have mentioned, but it should not be forgotten 
that we still have at least £100,000 to collect for the 
adaptation of the building, and continuous efforts are being 
made to find this. If any Fellows can aid in bridging the 
gap this would be a signal service to the Society. 

The generosity of the Foundations would have been of 
no avail but for the very substantial and continuing 
undertaking by Her Majesty’s Government to pay the 
rent and outside upkeep of the new accommodation. 
This is not only very welcome and generous assistance in 
itself but it is a splendid recognition of the important 
part the Royal Society still has to play in the nation’s 
scientific life. 

In undertaking the present negotiations, the position of 
numerous scientific societies, both those now around the 
courtyard of Burlington House and those founded more 
recently, has been kept in mind. Some societies are in 
dire need of space to be able to carry out their functions. 
for in many instances the premises now occupied are quite 
insufficient and often occupation is of a temporary nature. 
It is clearly the duty of the Royal Society to assist other 
societies in this matter in any possible practicable manner. 
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At the present time there are some schemes on foot to 
provide London with what might be called a conference 
centre which among other things would contain auditona 
in which individual seientifie societies could hold their 
meetings 1f they so desired and which would be invaluable 
for international gatherings These schemes vary from 
the grandiose to the madequate, but ıt 1s possible that if 
all scientific societies could agree to support the idea of a 
building in the nature of a conference centre something 
might be accomplished This matter is under considera- 
tion by the officers 

In an ancient society 1t 1s perhaps easier to look back- 
wards than forwards, but m the rapidly changing world 
in which we live 1t becomes urgent to adapt ourselves to 
the prevailing scientific environment Perhaps new and 
elegant accommodation will give us a base from which the 
Society can move forward into the exciting times that 
awalt us 

As Fellows can see from the annual report of Council, the 
activities of the Society have been maimtamed and mndeed 
they have had to be mereased m view of the turmoil 
surrounding the reorganization of science and technology 
This has thrown a great burden on the secretames in 
particular It ıs with regret that we part with an able, 
amusing and energetic biological secretary, Sir Lindor 
Brown I am grateful to hum, for he has been of the 
greatest assistance to me personally and has, on many 
occasions, propped me up when I clearly did not know 
what I was doing He has served the Society not only by 
his wise advice in its internal affairs, but also by acting 
as its representative on many external bodies The 
surviving officers will all miss him and not least for the 
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anecdotes with which he has cheered us up from time to 
time 

The work of the secretaries has been somewhat hght- 
ened by the so-called active vice-presidents Sir Gordon 
Sutherland has held this office for two years and 1s now 
retiring He has been of very great help to us and particu- 
larly ın directing attention, through bis Committee on 
Emigration, to the seriousness of the loss of our scientists 
and technologists I would like now to thank him for all he 
has done for the Society and for science in a wider context 

It remains only for me to welcome the new biological 
secretary, who is just begmning to realize the stienuous 
nature of his new office, but he is, I am happy to say, a 
very vigorous man [Nature, 200, 1049, 1963] 

No year can close without recording our contimued 
indebtedness to the Executive Secretary for his unremit- 
ting labours on behalf of the Society and its mamfold 
interests He ıs backed by an able and well-formed 
staff, and to them also we give ow smeere thanks 

With the bluriing of the conception of the British 
Commonwealth one of the functions of the Society, which 
may become more important with the passage of tume, 1s 
to see that our close associations with actively growing 
and sympathetic countries are fostered m overy possible 
way Jn this connexion, the Executive Secietary paid a 
visit to New Zealand in August and I jomed him m 
Australa I need scarcely say that we were both treated 
with unbounded hospitality and that our glimpses of anti- 
podean scientific activities were gieatly stumulating 
We hope that the close contacts we have with the Aus- 
talan Academy may be strengthened by visits of a 
similar character at not too infrequent intervals 


OBITUARIES 


Prof F E. Zeuner 


Peor EF. E ZEUNER, head of the Department of 
Environmental Archeology in the University of London 
Institute of Archeology, died on November 5 at the age 
of fifty-eight 

Zeuner came to London from Germany in 1933 He 
joined the staff of the British Museum (Natural History) 
as a research associate in paleontology in 1934 and with 
the aid of a Leverhulme studentship of the London 
Museum, also worked on the problems of the Quaternary 
deposits of the Thames Valley The iesults of this work 
were later meorporated m, The Pleistocene Period, first 
published by the Ray Society m 1945 In 1937 he joined 
the newly founded Institute of Archeology, then estab- 
lished ın St John’s Lodge, Regent’s Park, as honorary 
lecturer m geochionology, and thus established on a 
systematic basis the study of human environment in the 
past as ıt had not previously been attempted After the 
Second World War (m which he worked with the locust 
control unit at South Kensington) Zeuner’s was one of 
two chairs created by the University when it accepted 
full responsibility for the Institute, the term ‘environ- 
mental archeology’ being substituted fo. geochronology 

Zeuner’s breadth of mterest was aheady apparent 
before he left Germany as a young man, and he mam- 
tamed and developed this throughout his career He 
visited many parts of the world m pursuit of his subject, 
usually returning with material which then became the 
subject of research undertaken by himself or by his 
students He was associated with many foreign learned 
societies and institutions, and as a result of his many 
contacts—he was, incidentally, è good linguist—had built 
up @ collection of soparates which was invaluable to his 
students, who were allowed free access to ıt Although 
at times the centre of contioversy, his best-known book, 
Dating the Past, demonstrates has grasp of the environ- 
mental sciences Its fourth edition appeared in 1958 and 


it has been translated into a number of foreign languages 
Among his other activities, for several years he directed 
the operation of the carbon-14 dating apparatus which 
the Royal Institution set up and mamtamed in Albemarle 
Street It was this machine, which was functioning at 4 
time when others in Britain were having difficulties, 
which produced the then surprising date for the early 
appearance of an agricultural community at Jericho in 
the early seventh millennium Bc Just before his death 
he was in process of inaugurating, with the ard of a grant 
from the Department of Scientific and Industrial Research, 
a big programme of research into sea-level and soil 
evidence for chmatic fluctuations in the Quaternary 
period His last book, The History of Domesticated 
Animals, was publshed earher this year (Natwe, 198, 
45, 1963) 

Zeuner’s work and example must have a lasting effect 
on the study of the past in its scientific aspects Many 
archeologists owe their intioduction to the scientific 
connexions of then’ subject to him He was an excellent 
teacheil, with an enthusiasm for all branches of natural 
history which he communicated to all who lstened to 
him, whether in his class-room or in the field Students 
from many parts of the world were attracted to the 
Institute of Aicheology by his .eputation, and returned 
to then’ own lands equipped to apply his ideas to their 
own problems W F Grimes 


Dr Frank L Howard 


Dr Frank L Howarp. chef of the Pure Substances 
Section ın the Analytical Chemistry Division of the 
National Bureau of Standards, US Department of Com- 
meice, died suddenly on October 15, at the age of fifty 
He was a staff member of the Bureau for more than twenty- 
six years 

D: Howaid was born in Pueblo, Colorado, mm 1913 
He was educated at the University of Maryland, complet- 
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ing a BS in chemistry in 1934 and a PhD in organic 
chemistry ın 1938 He jomed the Bureau in 1937 and 
became leader of the group engaged ın synthesis of hydro- 
carbons Durmg the Second World War he pursued 
research aimed at improving aviation petrol Following 
the War he turned his attention to the study of jet fuel 
and the phenomena of combustion He was appomted 
acting chief of the Engine Fuels Section ın 1949, and 
during that same year was the recipient of the Commerce 
Department’s Silver Medal for Meritorious Service In 
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1951 he was appointed chief of the Engine Fuels Section, 
and remained in that post until 1960, when he was 
appointed chief of the Pure Substances Section 

Dı Howard ’s special fields of interest covered synthesis 
and purification of organic compounds, petroleum and 
fuel technology, combustion of fuels, distillation, and 
automotive antifreezes He was author and co-author 
of many technical publications 

Dr Howard 1s survived by his wife, two daughters and 
three sons 
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Shell’s Thornton Research Centre: 
Dr T. M. Sugden, F R.S. 


Dr T M SuepeEn has been appointed research director, 
Thornton Research Centre, Chester Dr C B Davies 
wil contmue to be director, Thornton Research Centre 
The Thornton Laboratories are the largest of the five 
research laboratories operated by “Shell” Research, Ltd, 
in the United Kingdom The work of the Thornton 
Laboratories 1s concerned. with basic and applied research. 
related to oil products Dr Sugden has been a reader in 
physical chemistry in the University of Cambridge In 
this capacity he has been responsible for a major con- 
tribution to high-temperature chemistry by the develop- 
ment of flame photometric techniques for studyimg con- 
trolled traces of metallic elements and their compounds 
in flame gases These techniques proved to be extra- 
ordinaruy powerful, allowing the development of methods 
of measuring the stability of many sumple compounds of 
metallic elements at high temperatures, of mvestigatmg 
new types of chemiluminescent reactions, and of determ- 
ining rate constants for the reactions by which free radicals 
recombine after their production by chain-type processes 

Some five years ago, Dr Sugden and his collaborators 
developed a mass spectrometer capable of sampling ions 
directly from flame gases Many interesting species, some 
positively and some negatively charged, were shown to 
be associated with the flames of hydrogen and hydro- 
carbons, with and without metallic additives Apart from 
being of great mterest to students of chemical kmetics, 
these results have a practical mmportance in rocket and 
magnetohydrodynamics technology All Dr Sugden’s 
work has been characterized by determining the essential 
chemical features of complicated reacting systems and 
submittmg them to quantitative examimation by new 
methods 


The Prix Jecker Dr. Léo Marion, FRS. 


Dr Lero Marton, vice-president (scientific) of the 
National Research Council, Canada, has been awarded 
the Prix Jecker by the Academy of Sciences, Paris, for 
his work on the structure of alkaloids Dr Marion was 
born m Ottawa He gained an honours B Sc m 1926 and 
an M Sec ın 1927 from Queen’s University and a Ph D 
degree from McGill University ın J929 The same year 
he began his career with the National Research Council 
of Canada, contmumg in the field of organic chemistry, 
principally alkalords, on which he carried out his post- 
doctorate work at the University of Vienna m 1934-35 
Since 1947, Dr Marion has served as editor-in-chief of 
the Canadian Journals of Research and, from 1952 until 
1963, as editor of the Canadian Journal of Chemisiry He 
also serves on the editorial board of other scientific 
journals He became head of the organie chemistry 
section of the Division of Chemistry m 1943, director of 
the Division of Pure Chemistry ın 1952, senior director 
m 1960, and vice-president (scientific) of the National 
Research Council m 1963 Dr Marion has many honours 


to his name, mcluding fellowships of the Royal Society 
of London, the Royal Society of Canada, the Chemical 
Institute of Canada (of which he 1s a past-president), 
)’Association Canadienne-Fran¢aise pour l Avancement des 
Sciences, and the Chemical Society of Great Britain, and 
membership of the American Chemical Society Other 
honours for his contributions to the field of alkaloid 
chemistry mclude the Médaille Léo Pariseau of |’Asso- 
ciation Canadienne-Fiancaise pour lAvancement des 
Sciences, the Palladium Medal of the Chemical Institute 
of Canada, and the Gold Medal of the Professional In- 
stitute of the Publie Service of Canada 

Founded in 1851, the Prix Jecker has been awarded, 
since 1857, to the author of the most useful work on 
organic chemistry, or to the chemist whose collective 
works have contributed most to the progress of organic 
chemistry The recipient recerves a monetary award of 
6,500 French francs (1,300 dollars) 


Geography in the School of Oriental Studies (Univer- 
sity of London) Prof C A. Fisher 


Pror C A FIsHeER, head of the Department of Geo- 
graphy in the University of Sheffield since October 1959, 
has been appomted to the newly created chair of geo- 
graphy ın the School of Oriental Studies in the Univer- 
sity of London A graduate of the University of 
Cambridge, he first developed special mterests in the 
geography of south-east Asia and far-eastern regions 
during the Second World War, when he was on 
active service in Malaya and, later, from 1942 until 
1945, a prisoner of war ın Japanese-controlled Thai- 
land ‘These regional mterests he has since developed, 
he has published numerous papers in various journals on 
aspects of the regional and political geography of eastern 
Asia and was a jomt editor of the text, “Geographical 
Essays on British Tropical Lands”? More recently, ın a 
volume of some eight hundred pages, he has contributed 
a major work on the social and political geography of 
south-east Asia, scheduled for publication m January 
1964 In 1962 he led the British delegation of geographers 
attending the regional conference on south-east Asia, 
organized by the International Geographical Union at 
Kuala Lumpur In 1961 he visited Japan in an extended 
tour, at the invitation of the Japanese Foreign Office, and 
in 1962 he was appointed as the first director of the 
Centre of Japanese Studies now attached to the Univer- 
sity of Sheffield 


The Defence (Transfer of Functions) Bill 


THe Defence (Transfer of Functions) Bull, which 
received its second reading m the House of Commons on 
November 21, is intended to mplement the proposals of 
the White Paper published in July to establish a unified 
Ministry of Defence Although in movmg the second 
reading Mr P Thorneycroft, the Mimuster of Defence, 
emphasized the umportance he attached m the new 
organization to having scientists built m the admunis- 
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tration and with the military at every level, so that the 
scientists were not merely considel1mg puiely scientific 
problems but putting forward their ideas on many aspects 
of strategy and challenging the established views, there 
was httle comment on this aspect m the debate Mr N 
Birch expressed serious misgivings about the continuance 
of the office of Chief of the Defence Staff, preferring a 
secretariat organized rather on the lies of that estab- 
hshed by Lord Hankey and Lord Ismay Mr Aubrey 
Jones also appeared to hold rather similar views, referrmg 
to Lord Hankey’s staff of the Secretariat of the Committee 
of Imperial Defence Apart from this doubt as to whether 
the Ministe: of Defence and also the Cabmet Office might 
not require strengthening on some such hnes, ıt was left 
for Sir Harry Legge-Bourke to stiess the mmportance in 
the new structure of the Chief Scientific Adviser How- 
ever, he was more concerned that effective control should 
be political, though he thought that the changes were in 
the right direction and, ike Mi R T Paget, welcomed 
the prospect of brmgmg scientific and technical skill mto 
all Government departments, beheving that this would 
facilitate speedier action In replymg on the debate, Mr 
J Hay, the Civil Lord of the Admiralty, strongly upheld 
the importance of scientific advice being available at all 
stages of the policy-makmg process m defence 
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In a written answer m the House of Commons on 
December 11 the Financial Secretary to the Treasury, 
Mr A. Green, gave the number of full-time students in 
universities at the beginning of the autumn terms in 
1961-63 as 111,385, 116,610 and 124,002, respectively 
Of these, 12,209, 13,273 and 15,323, respectively, were ın 
social studies, 28,082, 30,791 and 33,212 ın pure science, 
16,934, 16,652 and 18,183 m apphed seience, 12,424, 
12,875 and 12,892 m medieme, and 2,028, 2,101 and 2,013 
in agriculture and forestry Full-time students in colleges 
of advanced technology on courses leading to recognized 
qualifications m the same terms numbered 9,098, 10,346 
and 11,871, respectively, of these, 5,451, 6,138 and 7,205, 
respectively, were ın technology, 3,040, 3,602, 4,103, 
respectively, ın science, and 607, 606 and 563 m arts and 
social studies Of 35,109 first-degree and first-diploma 
students entermg universities for the first tame in October 
1963, 4,915 were ın social studies, 9,416 m pure science, 
5,357 m appled science, 2,726 in medicme and 560 m 
agriculture and forestry For October 1962, the corre- 
sponding figures were 10,470, 4,121, 9,060, 4,872, 2,717 
and 594, and for October 1961, 10,180, 3,932, 8,433, 
5,118, 2,530 and 560 Of the 4,481 first-year students m 
the colleges of advanced technology m October 1963, 
2,523 were in technology, 1,542 m science and 416 m 
arts and social studies, for October 1962, the corresponding 
figures are 4,081, 2,326, 1,422 and 333, and for October 
1961, 3,458, 1,983, 1,165 and 308 


The Plant Varieties and Seeds Bill 


THe Plant Vameties and Seeds Bul, which recerved its 
second reading m the House of Lords on November 26, 
deals fist with the rights of plant breeders and secondly, 
regulates transactions ın seeds and seed potatoes As 
Lord St Oswald, Jomt Parhamentary Secretary to the 
Ministry of Agriculture, Fisheries and Food, explamed in 
moving the second reading, the Bill as a whole originated 
in the reports made by the Committee on Transactions m 
Seeds in 1957 and 1960 The first part provides essentially 
a scheme for encouraging plant breeding and also derives 
from the International Convention for the Protection of 
New Varieties of Plants, to which the Government was 
signatory two years ago, subject to ratification after 
discussion in Parhament The provisions of the Bull 
follow closely the arrangements proposed m the Com- 
mittee on Transactions mm Seeds report (Cmnd 1092) of 
1960 and grants the plant breeder a form of piopnetary 


NATURE 


1265 


ughts ın his new variety. These are such that when the 
breeder has succeeded ın registermg the variety and has 
given it a distimguishmg name, he alone, during the 
period of protection, has the right to grow ıt for producing 
seed or other reproductive metorwl for sale, and the 
right to sell such material, except under heence from the 
breeder The Bul also provides wide co-active powers by 
means of the issue of compulsory licences to prevent 
unreasonable restriction Consent of the breeder will not 
be required for use of his variety for further breeding or 
research For these purposes the Bull establishes the 
Plant Variety Rights Office as a semi-autonomous body 
standing m much the same relation to the Agncultural 
Departments of the United Kmgdom as the Patent Office 
does to the Board of Trade 

The second part of the Bill 1s largely concerned with 
measuring, entrusting to regulations certain of the details 
written mto the Seeds Act, 1920, and making the statutory 
control more flexible The essential principle that the 
seller of sceds should give an adequate and reliable 
description of his goods to the buyer ıs retamed and 
strengthened, particularly by the civil warranty pro- 
visions of Clause 17 A further Clause enables the Agri- 
cultural Ministors to make regulations controlling the 
import of certain kinds of seed, when necessary, to safe- 
guard Britam’s mdigenous strams against deterioration 
by admixture and cross-polliation, or to prevent the 
import for sale of seed unsuitable for growing m Britam 
The Agricultural Mimuisters are also empowered jomntly to 
prepare an mdex of names of plant varieties for use in 
connexion with the sale of seeds and to 1equire new 
varieties of plants to undergo peiformance trials before 
they are put on the market In replying on the debate, 
Lord St Oswald referred to the valuable work of the 
National Institute of Agricultural Botany and said that 
the Bull, which was generally welcomed in the debate, 
was an attempt to support the Institute’s work 


‘New Courses for New Students” 


An address, “New Courses for New Students”, delivered 
by Prof H Rée, of the University of York, at the annual 
conference at Margate to a meetmg of Grammar School 
Teachers has been issued as a booklet by the National 
Union of Teachers (New Courses for New Students Pp 12 
London National Union of Teachers, 1963) Prof Rée 
was concerned with the effect on the universities, par- 
ticularly the new universrties, of the immense increase in 
the demand for university education, and he believed the 
reason for changes in university courses, as well as m 
sixth-form courses, lay largely ın the attitude of tho 
sixth-formers themselves The new sixth-former was 
much less dependent either on his parents, or on teachers, 
or on any of the olde: generation, than in the past, and 
Prof Rée beheved that the sixth-former resisted the 
compartmentation of his studies and the barrier between 
arts and the science sides The new universities were 
attempting to deal with this situation and to provide 
world citizens rather than local citizens At York the 
aim was to hmit the number of studies offered and 
students were encouraged to take one main subject and 
another subsidiary to it—about two-thirds of the time 
being spent on the maim subject and one-third on the 
subsidiary Where this subsidiary course was education, 
it was not designed for those necessarily becoming 
teachers but rather to help introduce the undergraduate 
to the world m which young people were growing up— 
the youth clubs, the youth employment service, the 
juvenile courts, ete This was a general feature of the 
new universities another was the determmation to 
ensure direct contact with teachers and elummate the 
“nme to five’ students While ıt was hoped to secure 
that all students had at some time in their university 
hfe the experience of hving together m groups m colleges 
or halls of residence, ıt was not mtended to elmmate 
living in ‘digs’ or flats Another problem which the new 
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universities were facing, and in which experiment was 
needed, was that of the social uncertainty of the student 
this might be particularly difficult while the new univer- 
sities were still small 


Computers in Industry 


A. VALUABLE service to all who are mterested in the use 
of computers mn industry and commerce has been per- 
formed by the Library of Watford College of Technology 
Following a symposium, which was held at the College 
during September 1963, under the auspices of the Watford 
and District National Productivity Year Committee, two 
booklets nave been prepared which should be useful to 
many people m mdustry and commerce The first, A 
Select Bibliography on Computer Applications in Commerce 
and Industry, has been prepared by C R Randall to show 
the uses of computers over a wide range of mdustries 
References are to books and articles m journals and are 
up to date The bibhography ıs mtended for readers who 
are not computer specialists but who wish to obtain a 
basic knowledge of computers and applications in their 
own specialist fields The second, A Directory of Compute 
Service Bureaur in the Uniied Kingdom, has been prepared 
by J T Graham, and gives information about the geo- 
graphical coverage of many bureaux, their chaiges, the 
services they provide, whether or not there are penalty 
clauses for work not completed on time, and the advisory 
and technical research services available The main gap 
in coverage ıs the computer time available from govern- 
mental and educational establishments throughout Britam 
The booklets may be obtamed from the Hertfordshire 
County Council Technical Library and Information 
Service, Hatfield, Herts 


The National Central Library 


Tax forty-seventh annual report of the National 
Central Library, covering the year ended March 31, 
1963, refers to progress with the foundations of the now 
buildmgs and to a considerable merease in applications 
for inter-library loans to 98,690 (91,311 ın 1961-62)—the 
highest number recorded for ten years (Pp 24+3 plates 
London The National Central Library, 1963) While 
the easier type of request, chiefly for current British 
books, ıs now dealt with locally ın the regional system, 
the demand for the more difficult type of material such 
as older works, those m foreign languages or published in 
the United States and elsewhere, continues to merease 
However, the Inter-lending Department succeeded m satıs- 
fying some 77 per cent of tho applications, compared with 
78 per cent in 1961-62 Of the satisfied applications, 
15,743 were from university libraries 10,341 from special 
outher hbraries, 2,504 from Government departments 
and 4,066 from overseas Besides the 15,743 loans just 
noted made by or through the National Central Library 
to university libraries, the university lbraries made 
17,855 loans at the direct request of the National Central 
Library and lent a further 16,381 as members of regions 
to libraries in that region or to libiaries outside their 
region Loans to lbraries overseas totalled 3,443, and 
2,686 items were borrowed—the corresponding figures for 
1961-62 were 3,699 and 2,550, 603 photocopies were 
supplied and 936 obtamed (633 and 786 in 1961 and 1962) 
Acquisitions by purchase totalled 7,902 volumes (1,011 
for adult class purchases), 6,891 bemg current British 
Government publications, 636 American books and 628 
works in foreign languages Catalogued books are now 
estimated at 214,000 with some 46,000 uncatalogued 
The Treasury grant was increased from £75,000 ın 1961-62 
to £82,500, including £6,500 for renting a building at 
Woolwich Arsenal, which was formally occupied im 
November 1962 as an overflow bookstore, and which will 
facilitate the later acceptance of larger acquisitions of 
mateiial in foreign languages and older British books 
The Executive Committee, however, considers that the 
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Librazry’s income still falls far short of what 1s needed for 
it to function efficiently as a national lending hbrary and 
centre of library co-operation. 
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Melting Points of the Metal Oxides 


Compilation of the Melting Ponts of the Metal Oxides, 
by Samuel J Schneider, deals comprehensively with the 
hterature on the meltmg poimts of the metal oxides 
(National Bureau of Standards Monograph 68, October 
10, 1963 Pp 31 US Government Pimting Office, 
Washington, DC 25 cents) It meludes a critical 
evaluation of the published data as well as the designation 
of certain preferred values Chemists and physicists, 
particularly those involved m high-temperature applica- 
tions, will find this Monograph especially valuable It 
represents the first step m a programme recently imitiated 
by the National Bureau of Standards to re-evaluate these 
melting pots The programme tentatively meludes the 
acceptance of previously published values after experi- 
mental verification, as well as accurate deterrmmnations of 
ill-defined or completely unknown melting pomts Mono- 
graph 68 presents the melting pomts of 70 metal oxides 
as given in the literature publshed up to January 1963 
It grves both the origmal melting pomt and the equivalent 
value based on the International Practical Temperature 
Seale of 1948 Information on peitinent experimental 
details, such as the method of temperature measurement, 
purity, furnace type and environmental conditions, 18 
included The ultamate aim of the National Bureau of 
Standards programme 1s to secure national and, 1 1s 
hoped, international 1ecognition of the melting pomts of 
several specific oxides foi use as calibration standards 


Radioactive Fall-out 


RECENTLY a report has boen published by R S Cam- 
bray and Miss E M R Fisher, of the Umted Kingdom 
Atomic Energy Authority, entitled Radioactive Fallout 
Short-laved Fission Products wn Avr and Ram, August 
1962-Aprit 1963 (AHRE-R4384 Pp u+32 London 
HMSO. 1963 5s 6d net) This report is the most 
recent of a series, extending over several years, and covers 
the period following the tests cared out by the United 
States m the Pacific, which started m April 1962, and tho 
USSR tests of 1962 The amounts of total beta, 
barium-140, 10dine-131 and znconium-95 activity were 
estimated in atmospheric dust and ram-water derived 
from five stations in Great Britain, and in troposphere 
samples, collected by aarcraft over the eastern Atlantic 
Brief notes on the sampling media and methods are 
included The Ameuican tests gave no significant amounts 
of barium-140, but this isotope was detected fourteen 
days after the resumption of testmg by the USSR It 
13 interestmg that there was a considerable mecrease in 
the amount of barium-140 washed out ın snow, m late 
December and early January, without a correspondingly 
marked increase for zirconium-95, in addition, the debris 
arrived from the testing site in a very few days No 
cause 18 suggested for this phenomenon All the data 
with which this report ıs concerned are tabulated ın con- 
siderable detail. and graphs are also imeluded where 
appheable 


Drugs and the Health Services 


Two recent publications have directed attention to the 
central part played by drugs in the development of an 
effective health service The first, issued by the Associa- 
tion of the British Pharmaceutical Industry, London, 1s 
purely factual and shows that, contrary to popular belief, 
the percentage of money expended on pharmaceutical 
services related to total National Health Service expendi- 
ture has shown no significant change over the past ten 
years (facts on Drugs Information on Drugs and the 
Natonal Health Service Pp 16) 70 per cent of to-day’s 
prescriptions could not have been written in 1935; the 
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drugs did not exist Antibiotics, which were only made 
avauable in the 1950’s, now account for 25 per cent of the 
drug bill ‘The second, issued by the Office of Health 
Economics, 1s mainly concerned with the place of the 
general practitioner m the National Health Service and 
shows how his position has altered with the development 
of drugs (The Personal Health Services a Perspeciwe of 
the General Medical and the Pharmaceutical Services Pp 
31. 2s) As Lord Taylor has said, “To-day the practi- 
tioner in the gloomuer slum practice can treat pneumonia 
more effectively than the most emiment specialist was able 
to do before the War” The most mportant development 
m the future should be more concentration on personal 
preventive medicme Early detection of such diseases as 
cancer and diabetes 1s now possible The publication states 
that general practitioners need improved facilities to help 
them carry out this early diagnosis 


Antibiotics ın Food and Feedstuffs 


Ar the instance of the Jomt Expert Commiutteo on 
Food Additives of the World Health Organization and the 
Food and Agriculture Organization, the World Health 
Organization convened a committee to examime the 
pubhe health problems lkely to anse m connexion with 
the increasing use of antibiotics m animal feeds as growth 
promoters, for food preservation and in plant disease 
control The Expert Committee appomted has recently 
reported on its findmgs and conclusions in a booklet 
entitled The Public Health Aspects of the Use of Ante- 
biotics an Food and Feedstuffs (Technical Report Series 
No 260 Pp 30 Geneva World Health Orgamzazion, 
London HMSO,1963. 1Swfr, ls 9d, 030 dollar) 
The report points out that most of the antibiotics used 
ın food preservation or added to animal feedstuffs are of 
low toxicity, and, provided regulated quantities are used, 
the quantities likely to be present as residues m food are 
very small The danger exists, however, that penicillin, 
for example, may cause allergic reactions m humans 
already sensitized by medical treatment Chloramphenicol 
18 in & special category, as fatal damage to the bone 
marrow has occuried m patients treated with therapeutic 
doses The Commuttee believes that further research 18 
desirable in this field The rapid spoilage of meat m hot 
climates might, for example, be averted if tetracyclines 
were used, other by giving the animal pre-slaughter 
injections, or by treating the carcass The report stresses 
that such uses should be regarded as an exceptional and 
temporary measure pending the eventual provision of 
adequate refrigeration Two useful annexes to the report 
summarize the practices in different countries in relation 
to the use of antibiotics in anımal feeds and for food 
preservation 
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Farm Forestry 


Farm forestry plays an important part in land use m 
Sweden, and durmg 1953-60 an economic study of this 
subject was conducted m three localitres—south, centre 
and north Sweden (Kungl Skogshogskolans Skrifier 
(Bulletin of the Royal School of Forestry, Stockholm), 
Nr 39 Bondeskogsbiuket’ Hkonomek Undersokning 
Grundad pa Bokforing 1953-1960 (Farm Forestry in 
Sweden an Econome Study 19538-1960) Av Th 
Streyffert och Chr von Malorhe Pp 207 Stockholm 
Skogshibhoteket, Skogshogskolan, 1963) Farm woodlots 
occupy almost half the forest area of Sweden and some 
of them are in the best forest area. namely, south Sweden 
The practice of farm forestry 1s an excellent example of 
integrating different land uses, and the forest propertios 
are regarded as a means of mereasing the mcome of the 
farmers In fact, the law prohibits the selling of forest 
land. where 1t 1s needed for the support of the farm This 
investigation has produced some mteresting statistics, 
but care should be exercised in mterpreting thom ‘The 
woodlots examined were those where the owners were 
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keen enough to undertake the large amount of record 
work necessary, and this meant that, on the whole, they 
were the best managed Therefore, the statistics may be 
considered as above average It was revealed that there 
was a tendency to overcutting of the prescribed yield m 
the smaller forests and ıt ıs suggested that the lower yield 
per unit area from the larger forests 1s due to the owners 
not bemg m such need for the money or the labour force 
being fully occupied with normal work But officiency 
seems to be better on the larger properties where a higher 
rate of return 1s recorded As is to be expected, there are 
divergences from averages and many of these are due to 
the woodlots bemg under the personal management of 
the owners ‘This investigation should concern not only 
the forest economist but also anyone interested m the 
integration of agriculture and forestry 


Archzology in Ontario 


BULLETIN No 184 of the National Museum of Canada 
consists of a detailed report of the excavation of the 
Donaldson site by J V Wright and J E Anderson (The 
Donaldson Site (Anthropological Series No 58) Pp 
vin+113 (26 plates) Ottawa Queen’s Printer, 1963 
1 50 dollars) ‘The site is located in the Biuce Peninsula 
of Ontario, and traces of the settlement here include 
middens, a cemetery and house foundations The cemetery 
yielded both single and multiple mhumations m pit 
graves, some accompanied by personal ornaments ‘Two 
house structures, demarcated by post-holes, were re- 
covered, these were rectangular, the largest approx- 
mately 25 ft by 15 ft, and supported m all by more 
than 100 posts No trace of rebuilding was noticed, and 
some of the mterior posts probably represent a sleeping 
platform Pottery from the middens belongs to the 
Saugeen Focus of the early Middle Woodland penod, 
c 500 so ‘The stonework includes projectile points, 
scrapers and choppers, and copper objects were rare 
The material seems to show elements alled to other 
Woodland complexes, and 1s representative of an economy 
comparable with the northern Algonkians of historic tumes 


Earthwork on Overton Down, Wiltshire 


A RECENT report of a 1esearch committee of the British 
Association for the Advancement of Science describes the 
construction of a ditch and bank of chalk m Wiltshire, 
built partly with primutive tools, partly with modern 
equpment (The Experimental Earthwork on Overton Down, 
Wrltshue, 1960 An account of the Construction of an 
Earthwork to Investigate by Expermment the way m 
which Archeological Structures are Denuded and Buried 
Pp vui+100+ 8 plates Edited by P A Jewell London 
The British Association for the Advancement of Science, 
1963 25s, 450 dollars) The object of the exercise, 
carefully outlined m meticulous detail ın. this book, 1s to 
allow archeologists both of the mmediate and of the 
distant future to record through observation and excava- 
tion the development of the monument, the degree of 
erosion and denudation of the bank, and the degree and 
manner of silting of the ditch This evidence should be 
of great importance in the imterpretation of sections 
obtained during the excavation of prehistoric and early 
historic monuments A number of objects, mcluding 
textiles, food, flints and potsherds, have been buried in 
the bank, and future excavation will show how the various 
materials have reacted to the conditions of burial The 
first of a number of sections has already beon cut, although 
the report on this will not appear until it has been com- 
bined with another excavation m 1964 


Joseph P Kennedy, Jr Foundation Awards 

Toe Joseph P Kennedy, Jr Foundation was estab- 
lished in 1946 by former Ambassador Joseph P Kennedy 
in memo1y of his son, Lieut Joseph P Kennedy, J1 
The Foundation engages in a programme of support of 
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scientific research, care and tieatment m the area of 
mental retardation Major research projects have been 
established at Johns Hopkins University, Massachusetts 
General Hospital, Harvard University, Stanford Univer- 
sity. the University of Wisconsin, George Peabody College, 
and the Kennedy Memorial Hospital in Brighton, Massa- 
chusetts Educational, diagnostic and treatment centres 
are located m Now York City, Washington, Chicago, and, 
Santa Monica, California In 1962, a programme of 
International Awards was mstituted by the Foundation 
to recognize outstandmg contributions ın the field of 
mental retardation and to support activities in this field 
Awards are made m three general ‘areas’ (1) Scientific 
Research Award, to an investigator who has made out- 
standmg contributions to the knowledge of mental 
retardation m the biological and behavioural sciences, 
(2) Service Award, to the mdividual or group developmg 
outstanding programmes in the identification, care, 
rehabilitation, or education of the mentally retarded, 
(3) Leadership Award, to a civic leader, public official, 
author, or any other person whose activities on behalf of 
the mentally retarded have awakened the public con- 
science or led to mereased mdividual and community 
effort Awards will be ın amounts of 5,000-25,000 dollars. 
In addition, up to 50,000 dollars will be awarded for the 
furtherance of current or proposed programmes More 
than one Award may be offered m a single ‘area’ In- 
stitutions, organizations, and mdividuals working in the 
field of mental retardation are invited to send nommations 
to the Foundation These nominations should melude 
biographical mformation, curriculum vitae, bibliography, 
and all pertinent supporting data Nommations received 
by August 1 will be considered for the current year’s 
Awards, which will be announced n December Further 
information can be obtamed from International Awards, 
the Joseph P Kennedy, Jr Foundation, 1413 K Street, 
N W, Suite 306, Washmgton 5, DC, to which nomina- 
tions should be sent 


1963 Awards 


Pror L § PENROSE, Galton professor of eugenics, the 
Galton Laboratory, University College, London, has been 
awarded the Scientific Research Award The Service 
Award 1s to be shared by Dr R P L Lafon (Montpellier) 
and Dr G F Powers (Yale) Senator Lister Hull (Alabama), 
Representative J E Fogarty (Rhode Island) and 
Governor B T Combs (Kentucky) are to share the 
Leadership Award 


Bursary for British Women Engineers 


THe Caroline Haslett Memorial Trust ıs offermg a, 
bursary to assist the representation of Bmtish women. 
engineers at the first International Conference of Women 
Engmeers to be held m New York in June 1964 The 
sum of £250 will be made available for this purpose, and 
will be awarded to a British woman engineer, or will be 
shared by two, depending on the, decision of the mter- 
viewing panel Appheation forms can be obtained from 
the Secretary, Caroline Haslett Memorial Trust, 25 
Foubert’s Place, London, W 1, and should be completed 
and returned by January 31, 1964 Applicants should be 
qualified in any field of engmeermg or should be pursumg 
a recognized trainimg in engineermg They should be 
prepared to make a real contribution to the Conference 
by reading a paper or leading a discussion, and to give 
some lectures in Britam after the Conference In 1960 
the Trust sent two women. engineers to study the trammg 
and employment of women engmeers in the USSR 


The Emmie Clough Scholarship 


THE Royal Horticultural Society 1s offering a scholar- 
ship provided out of a bequest from the late Mrs Emmie 
Clough to enable a, girl to take a course of trammg m 
horticulture which would otherwise be beyond her means 
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The scholarship, valued at £352 a year, will commence in 
September 1964 It will be open to women between the 
ages of eighteen and thirty and will be tenable for two 
years at Studley College, Warwickshire Candidates will 
be required to have attained a standard of education 
which will permit them to take full advantage of the 
course of study, and should normally have completed, or be 
prepared to undertake, such periods of practical trammg 
in horticulture as may be considered necessary ‘The form 
of application, which can be obtamed from the Secretary, 
should be completed in the candidate’s own handwriting 
and should be returned so as to reach the Secretary, 
Royal Horticultural Society, Vincent Square, London, 
S W.1, not later than February 10, 1964 


Atmospheric Radiation 


THE International Radiation Commission of the Inter- 
national Association of Meteorology and Atmospheric 
Physics is holding a conference at Leningrad during 
August 10-15, 1964 There will be both invited and 
contributed papers on a wide variety of topics of current 
interest ın the field of ‘Atmospheric Radiation”. It 18 
hoped to mclude ın the programme sessions on infra-red 
spectroscopy of the atmosphere, theory of radiative 
transfer in planetary atmospheres, energy balance of 
the Earths atmosphere, mecludmg (a) experimental 
investigations of the radiation field ın the free atmo- 
sphere, and (b) radiation problems as related to atmo- 
spheric dynamics and the general circulation, radiation 
chmatology, surface and network imstrumentation 
Further mformation can be obtamed from Prof J 
London Department of Astrophysics and the Atmospheric 
Sciences, University of Colorado, Boulder, Colorado; or 
Prof M I Budyko, the Mam Geophysical Observatory, 
M Spasskoya 7, Leningrad K-18 Prof. Budyko 1s charr- 
men of the local arrangements committee 


Announcements 


Pror E CHARGAFF, professor of biochemistry at the 
College of Physicians and Surgeons, Columbia University, 
has been awarded the Charles Leopold Mayer Prize of 
80,000 NE by the French Academy of Sciences, for his 
work on nucleic acids 


A MEETING of the Food Group of the Society of Chemical 
Industry will be held m the University of Liverpool on 
January 16 The programme will mclude ‘Whaling” by 
Mr C E Ash Furthe: mformation can be obtamed 
from the Assistant Secretary, Society of Chemical Indus- 
try, 14 Belgrave Square, London, SW 1 


m 


A MEETING of the Food Engmeermg Panel of the 
Society of Chemical Industry will be held in London on 
January 22 ‘The programme will include “Dehydration 
other than AFD”, by Mr G Evans Further mforma- 
tion can be obtained from the Assistant Secretary, Society 
of Chemical Industry, 14 Belgrave Square, London, 8 W 1 


A ONE-DAY symposium on ‘“‘Chemical and Nutrtional 
Aspects of Heated Fats”, arranged jomtly by the Oils and 
Fats Group and the Food Group of the Society of Chemical 
Industry, will be held at the Imperial College of Science 
and Technology. London. on March 25 Further informa- 
tion can be obtained fiom the Assistant Secretary, Society 
of Chemical Industry, 14 Belgrave Square, London, S W 1 


THE one hundred and thirty-fourth course of Christmas 
lectures for young people will be delivered by Prof 
Ronald King on ‘‘Energy” The lectures will melude 
“Energy ın Atoms and Moles” (December 31), “Electrical 
Energy and Magnetism” (January 2), “Energy m Waves” 
(January 4), “Energy Deep Inside the Atom” (January 7), 
‘““Peisuading Energy to do the ‘Right’ Thing” (January 9) 
Further information can be obtamed from the Royal 
Institution, 21 Albemarle Street, London, W 1 
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MEASURING AIRBORNE DUST AND MIST 


N international colloquium on this subject was 
arranged jointly by the Staubforschungsmstitus des 
Hauptverbandes der gewerblichen Berufsgenossenschaften, 
Bonn, and the Institut National de Recherche Chimmique 
Appliquée, Paris, it was held on October 22-23 at Freiburg 
(Breisgau) and was attended by about 60 scientists 
and engmeers The programme was divided into three 
sections, the first of which was concerned with number 
and mass concentration and the distribution of particie 
size Introductory speeches were made by Piot A 
Winkel (Bonn) and A P Avy (Paris) 

Dr F Hartogensis (The Hague) discussed the influence 
of microscopic techniques on the number of parucles 
counted and outhned a case for the use of a well-defined 
system to elimmate the considerable variations m the 
numbers of fine paiticles which were vistble There was 
little evidence on the hability of 0 5u particles to cause 
suicosis, but there was no doubt that large numbers of 
much fine: particles were found ın silicotic Jungs 

The error in mean dust concentration as a function of 
the number of measurements, based on a log-narmal 
distribution, was evaluated by J Juda (Warsaw) and 
could be applied to gaseous pollutants He also spoke 
of a method of size analysis based on pressure measure- 
ments up to 3 mm water while particles were sedimenting 
m liquid Size analysis by measuring the hght scatzered 
by individual particles, while airborne, was possible with 
apparatus described by J Bricard and J Pradel (Paris) 
A very uniform zone of hght was traversed by a jet of 
aerosol particles which scattered hght at 90° into a muero- 
scope provided with a photomultipher cell An advantage 
of the apparatus was that the aerosol did not have to ke 
diluted so that natural clouds of liquid particles could be 
measured, unexpectedly, fine hqwd and solid parucles 
had been found in erty fogs which formed at 90 per cent 
relative humidity, the saturation deficiency being due to 
sulphur trioxide 

The use of membrane filters for mine dust was explamed. 
by H D Bauer (Bochum), and H Gessner (Zurich) had a 
new sedimentation apparatus for size analysis by weighing 
fractions A Berner and O Preiming (Vienna) presented 
a new calibration of the ‘Cascade Impactor’ which they 
used for sampling atmosphere radioactivity, on account 
of 1ts ability to handle a large volume of air W Stober 
(Gottingen) explamed a theory of the deposition of 
particles m a conical aerosol centrifuge 

The Stokes diameter of a particle, evaluated from its 
sedimentation rate, 1s smaller than the projected area, 
diameter, which 1s assessed microscopically New measure- 
ments of the dust penetrating a sedimentation chamber 
between horizontal plates had been made, using a thermal 
precipitator, by W Walkenhorst (Bochum), who demon- 
strated that the ratio varied from 1/1 3 to 1/2+2 for glass 
quartz, talc and coal, and exhibited a considerable scatter 
in any one sample of dust 

W Matla (Heerlen) presented a number of correlations 
between the quartz content and ash of airborne dusts 
which showed that the easily determmed ash value was a 
good indication of the amount of quartz in the dusts 
Before laying down permussible limrts of dust concentra- 
tion, due consideration would have to be given to the 
standardization of measuring techniques which at present 
vaned widely, although the prmeiple of selective samphng 
for the elimmation of the coarser airborne dust was 
generally accepted 

The second section, dealing with selective sampling, 
was opened by Dr C N Davies (London), who showed 
how a curve of lung retention against particle size could 


be derived by considering all the available distributions 
of airborne dust, and of dust recovered post mortem from 
the lungs, which had been obtained by electron micro- 
scopy. The British ‘Hexhlet’ selective dust sampler worked 
on a simple fallimg velocity separation formula which did 
not represent selection im the human bronchi and bronchi- 
oles but could be redesigned to doso A cyclone separator, 
described by H Breuer (Essen), collected much finer 
dust which resembled lung dust more closely 

M Landwehr (Bochum) had used a pre-impinger to 
separate the coarse fraction of dust, while finer particles, 
below 5u, passed through and were collected in a scrubber 
or on a membrane filter 

Two papers dealt with practical aspects of the British 
‘Hexhlet? R J Hamilton (Isleworth) explamed how ıb 
had been found necessary to merease the separation of 
the selector plates to 1 2 mm to avoid pick-up of deposited 
particles and to reduce the width of the entry to prevent 
external wind effects K G Schmidt (Bonn) was critical 
of the performance of the imstrument and had been 
troubled by corrosion of the alummium plates which 
carried over mto the fine fraction of dust 

The final section covered recordmg dust apparatus and 
opened with a descmption by A. P Avy and M. Benare 
(Paris) of a novel device in which an aerosol was sucked 
through an orifice so that the particles struck a micro- 
phone and could be recorded F Hartogensis had found 
that a compensated photoelectric smoke recorder was of 
some use for measuring dustrial dust and had also used 
a paper-stam recorder M Raulhére (Paris) compared the 
principles of measurmg sideways or forwards scattered 
hght and E Walter (Bonn) claimed that photoelectric 
recording of dust concentration was possible for con- 
centrations ranging from less than 1 mg/m’ to 30 mg/m’ 

Messrs Leitz (Wetzlar) announced a new Tyndallscope 
mcorporating & photomultzpher which obtamed its hgh 
voltage from a potted transistor flip-flop condenser creut 
This remarkably sensitive dust recorder retains the sensi- 
tivity and portability of the well-known visual instrument 

The recording of aerosol particles by the contact E MF 
which 1s developed on impact has been developed by R 
Prochazka (Vienna and Munich) and A Schutz (Bonn) 
The former described a finished, instrument ın which wall 
collisions as the aerosol passed through a tube were 
amplified, concentrations down to 05 mg/m? at flows 
up to 60 m?/h and particles down to 0 2u could be dealt 
with The apparatus of Schutz operated on collisions 
with a metal wire and was even more sensitive, when tho 
dust concentration fell below 01 mg/m? fluctuations 
developed owing to the ion content of the atmosphere 
which depended on temperature and humidity It could 
advantageously be preceded by a selection device when 
used for recording mdustrial dusts 

The use of Zeleny tubes to establish the size distribution 
of fine atmospheric particles marked with thorium B was 
described by G Madelame, J Brcard, J Pradel and F 
Builard (Fontenay-aux-Roses and Pars) Using this 
aerosol the efficiency of a filter paper was found to change 
from 99 997 per cent to 99 993 per cent when the particle 
size increased from 10-3 to 10-12 W Coenen (Bonn) 
deposited small ions on dust particles and recorded the 
dust by the ion current 

The meeting concluded with a paper by W Neuwirth 
(Freiburg), who had investigated correlations of atmo- 
spheric pollution with prevailing weather conditions 

The papers which were presented at Freiburg will bo 
pubhlshed ın Staub early m 1964 and another meeting 
will be held m Paris next autumn C N Davizs 
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GENERATION, DETECTION AND PROPERTIES OF COHERENT RADIATION 
OF WAVE-LENGTHS LESS THAN | MM 


HE autumn meeting of the British Radio Spectro- 

scopy Group was held at Bournemouth, Hampshire, 
during September 24-25 The meeting was concerned 
with the generation, detection and properties of coherent 
radiation of wave-lengths less than 1 mm Nimeteen 
papers were presented during three sessions while the 
fourth session was taken up with a visit to the Quantum 
Physics Division of the Signals Research and Develop- 
ment Establishment, Christchurch, Hampshire 

Mr R J Lees, director of the Signals Research and 
Development Establishment, who gave the address of 
welcome to the 130 delegates, comprismg approximately 
45 from the universities, 55 from industry and 30 from 
Government service, saw the essential function of the 
meeting to enable the delegates to exchange ideas on 
mutual imterests so formmg cross-lnkages between the 
various sections of this wide field 

The nineteen papers presented can be divided into four 
general groupings, eleven on generation, two on detection, 
three on spectroscopy and three concerned with gaseous 
lasers As can be seen, the generation of sub-mullimetre 
radiation attracted the most attention 

M. G Convert (Compagme Générale de Télégrapme 
sans Fl) discussed the maim design features beam 
geometry, beam velocity and construction of the elements 
that have to be considered mm the development of a ear- 
cinatron The power output, which depends approxim- 
ately on the reciprocal of the frequency squared, 1s muted 
by the imperfections ın them together with any ohmic 
losses Results were presented of output power against 
wave-length for a range of values. In particular the 0 5- 
mm carcinatron gave a few milliwatts and had a 10 per 
cent tuning range. 

Dr K D Froome (National Physical Laboratory, 
Teddington) outlined the design of his plasma—metal 
junction harmonic generator It rectifies and therefore 
generates harmonics by field emission from a hquid 
platinum cathode due to the proximity of a very dense 
plasma This plasma is formed m an argon~hydrogen 
atmosphere at high pressure and has an ion density that 
has to be kept to less than 102° in order to avoid back 
conduction When the junction was driven with 10 W 
at 8 5-mm, 0 3-mm radiation, the twenty-nmth harmonic, 
was generated 

The construction and operation of such a generator as a 
tunable source in a high-resolution sub-millmetre spectro- 
meter was described by Mr. J Knapp (Queen Mary 
College) It was found not practical to use 1t m an auto- 
matic scan system Dr A J Bastin (Queen Mary 
College) reported measurements made by a number of 
workers, including himself, of atmospheric absorption mm 
the sub-muillimetre region These measurements showed 
that atmospheric absorption was due to (1) water vapour 
broadened by nitrogen collisions; (2) water droplets of 
varying radu, (3) oxygen, ozone and other trace gases, 
(4) collision-induced absorption between oxygen and 
nitrogen atoms It was commented that more experi- 
ments were needed in which some attempt had been made 
to match path-length to absorption coefficients 

Mr G S. Waters (Signals Research and Development 
Establishment) described the construction and operation 
of an optical line-of-sight communication lnk usmg a 
helium neon laser on 6328 A as source Measurements 
were made comparing the laser as a source with a mercury- 
are lamp, both being shone ‘backwards’ through a mirror 
telescope over 1,300 yd The results showed that the 
spatial coherence of the laser made the laser superior 


to the are lamp for ranges longer than 300 yd The laser’s 
narrower hne-width seemed to be only of secondary mpor- 
tance Dr D C Lame (Keele) exammed the feasibility 
of an ammonia maser oscillating at 0125 mm on the 
J = 4, K = 3 to J = 3, K = 3 rotational transition A 
relation was derived giving the mmimum number of 
molecules required per see for oscillation threshold The 
substitution of values into this relation gave that the 
number required was & factor two thousand times larger 
than the number needed in the microwave case ‘This 
factor can only be obtained by the use of multiple beams 

Dr J G Baker (Bristol) discussed the spectroscopy of 
short-lived free radicles and gases m the lower milimetie 
and sub-miullmetre regions A free-space absorption cell 
suitable for the observation of electric and magnetic 
rotational transitions, many of which fall m these regions, 
was described together with a superheterodyne system of 
detection. Mr A W Horsley (Standard Telecommunica- 
tion Laboratories, Ltd) discussed two possibilties for 
generating sub-mulimetre radiation using bulk non-lmear 
properties of semi-conductors The first rested on charge 
density gradients and electric field gradients in the sem- 
conductor giving rise to harmonic currents The second 
involved the mixing of axial modes in laser beams by an 
extension of Pantell’s centimetre wave mixing techniques 
Mr.C H Carmichael] (Signals Research and Development 
Establishment) proposed the use of a Fabry—Perot etalon 
within the parallel mirror resonant cavity of a laser to 
suppress the emission except withm the narrow pass 
bands of the etalon Then with a laser material, the 
fluorescence line width of which is 10 cm- or greater, the 
plate separation of the etalon can be chosen to yield 
frequencies, which, when mixed ın a suitable non-lmear 
system, will yheld sub-miullimetre radiation 

Mr I B Bott (Radar Research Establishment) de- 
seribed the construction of a tunable source of millimetre 
radiation 093-2 mm Electrons, when myjected into an 
axially symmetric magnetic field, undergo eyelotron 
resonance and the radiation emitted m a strong forward 
lobe 1s partially coherent In the case deseribed the field 
was pulsed to 100 kG and remained reasonably steady for 
7 msec ‘The output at 11 mm was I mW Mr A H 
Beck (Cambridge) suggested that a spirallmg electron 
beam when synchronized to an electric field having the 
correct tıme dependence should be a method of generating 
millimetre radiation Mr P M Robson (Sheffield) 
suggested that millmetre radiation could be generated by 
Doppler shifting radiation from a moving murror of low- 
voltage electrons If the electrons were to be bunched 
at the matching frequency then both the electron murror’s 
reflectance would be mecreased and there would be some 
harmonic output Dr J V Jelley (Atomic Energy 
Research Establishment) discussed the use of Cerenkov 
radiation as a source of sub-mulmetre waves A Fourier 
analysis of the radiation produced as electrons are fired 
through a dielectric shows that there 1s a component at a 
sub-millmetre frequency This component may be en- 
hanced by bunching the electrons at the required fre- 
quency ‘This method has produced 20 uW at 16mm 

Mr M A C S Brown (Radar Research Establishment) 
described two possible tunable detector mechanisms; one 
depending on changes in number of earners and the other 
depending on changes of carrier mobility Both these 
mechanisms are suitable for use m narrow band far mfra- 
red detectors A description of the mdimm antimonide 
detector was given together with ıts narrow-band char- 
acteristics 
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Dr M R Brown (Signals Research and Development 
Establishment) gave a brief report on the observation of 
infra-red quantum counter action m praseodymium doped 
fluoride lattices at room and liquid nitrogen temperatures 
It was hoped to use the reported schemes as a basis for the 
development of an mfra-red detector Mr D M Clune 
(Services Electronics Research Laboratory) reported 
results of some expermments on helium—neon gas mixtures 
in which more power was obtained under pulsed conditions 
than under contimuous excitation This was attributed 
to the population in the laser terminal level being higher 
under the contimuous excitation Furthermore, by having 
two sections separately pulsed at 25 ke/s a contmuous 
output at 025-W mean level was obtained Doubhng 
of the infra-red outputs m ammonium dihydrogen. phos- 
phate to give a yellow spot was announced Mr J Smith 
(Mullards) reported gain measurements made m hehum- 
neon gas mixtures using the 1 15u laser lime It was found 
that the optimum gam m the negative glow region of a 
cold-cathode glow discharge within a hollow cathode was 
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achieved at much higher pressure (20-mm mercury) and 
higher helium to neon ratios (1,280 1) than those,used in 
radiofrequency or direct-current positive column excited 
devices 

Dr E L Thomas (Signals Research and Development 
Establishment) explained the stimulated Raman effect 
and its use in the generation of radiation When benzene 
18 placed inside the resonant cavity of a ruby laser, stimu- 
lated Raman radiation 1s produced 991 cm~ away from the 
ruby frequency A second Raman radiation can also be 
generated approximately 1,982 cm-! away The sub- 
roillimetre radiation, ın this case 0 01 mm, would then be 
genorated by mixing the Raman radiation with the ruby 
radiation 

Dr D H Martin (Queen Mary College) reviewed the 
kinds of spectra that can be observed in solids with sub- 
mulimetre radiation These ranged from lattice absorp- 
tions in iome lattices (30 for lithium fluoride) to anti- 
ferromagnetic resonance (1 2 mm for manganous fluoride) 

M R Brown 


THE GEOLOGISTS’ ASSOCIATION 


SS oes ca important geological finds made during 
1963 were among the extubits shown at the annual 
reunion of the Geologists’ Association held ın the Large 
Hall of Chelsea College of Science and Technology on 
November 2 

The most outstandmg of these discoveries was the 
remams of a large plosaur from the Oxford Clay exhbited 
by the Department of Paleontology, British Museum 
(Natural History) This comprised a right-hand paddle 
7ft 6m m length Many phosaurs have been found in 
the Oxford Clay especially near Peterborough! However, 
complete specimens of large phosaurs lymg n situ are 
rarely come by It ıs thought their size prevented them 
from quickly smking m the mud and hence thoy were 
eaten by therr fellow scavengers The phosaur was found 
in the London Brick Company’s clay pits at Stewartby, 
Bedfordshire, durmg June 1963, but the front half of the 
reptile had been taken away by the digger before the 
bones were noticed Some of them were later recovered 
from the spoil heap by a party from the British Museum 
(Natural History), and the London Brick Co has presented 
the remains to the Museum TIt ıs hoped that the whole 
reptile will be recovered The British Museum (Natural 
History) also showed dimosaurian footprints from the 
Purbeck, Devonian trilobites from the Spanish Sahara 
and cobalt pellets from the stomachs of sheep 

In 1961 the longest contmuous trackways yet found 
were discovered i a quarry at Herston on the outskirts of 
Swanage, andin June 1963 after the overburden had been 
removed 75 ft of trackway was exposed Until now rt 
has been generally assumed that these footprints were 
made by the herbivorous bi-pedal dinosaur, Iguanodon 
But, as shown by the exhibit, 1t is apparent that the bird- 
like prints forming the mam trackway are more akin to 
a bi-pedal carnivorous dmosaur, such as Megalosaurus 
Until recently, trilobite remains were almost unknown 
from the Spanish Sahara, but during oil exploration work 
there E Rod collected almost 30 specrmens The best 
were given to the British Museum They came from strata 
of the Middle Devonian and all belong to the genus 
Phacops With the exception of a single specimen they 
belong to one species, probably new but related to P 
papulatus from Morocco The remaining specimen is & 
related form but 1s distinguished by a finer ornamentation 
of the test and a large number of eye facets 

S E Elhs (Department of Mineralogy) exhibited 
phosphate minerals deposited on cobalt pellets from the 
stomachs of sheep. The sheep 1s subject to a disease 


known as ‘prung’ due to a deficiency of cobalt in herbage 
This 1s combated by either the expensive method of 
spraying or insertmg mto the young lamb’s stomach a 
pellet of baked clay mpregnated with cobalt oxide 

Ammonites end hterature recently acquired m the 
USSR were among the 1tems shown by the Geological 
Survey and Museum Ammonites are vory important 
in the identification of zones or sub-zones, which are often 
named after them They included the following species 
from the Upper Aptian of the Lower Greensand (Lower 
Cretaceous) Parahoplites melchroris, Colombiceras caucast- 
cum and Australeceras ramososepiatum 

J N Carreck (Queen Mary College, London) showed 
specimens, maps, ete , ulustrating copperas, as vanished 
Kentish mdustry From about ap 1320 until 1914, cop- 
peras (an obsolete name for ferrous sulphate or green 
vitriol) was manufactured from iron pyrites occurring m 
the London Clay (Lower Eocene) on parts of the coasts of 
Essex*, Kent, Dorset and, perhaps, Hampshire It was 
used for the preparation of sulphuric acid, black mk and 
dye (both as a pigment and a mordant), dressing leather, 
as a sheep die, for the makmg of pamts—prussian blue 
(ferric ferrocyanide) and spanish brown (ferric hydroxide), 
and after refinement was m much demand among both 
apothecaries and physicians Mrs Carreck exhibited photo- 
graphs of past and present members of the Association 

Dr G P L Walker (Imperial College of Science and 
Technology, London) showed several xenoliths of wood 
collected from Tertiary basalt larvas He explamed how 
timber, when enclosed in basalt, chars and the basalt 1s 
consequently myjected mto the network of contraction 
cracks which result Sometimes the charred wood sur- 
vives, at other times ıt 1s fossilized, for example, replaced 
by zeolites, or ıt disappears to leave cavities in the basalt 
and these may afterwards be infilled with zeolites, ete 

With the west Weald earthquake of October 25 and the 
Glen Spean earthquake of August 31 still in the news, 
Dr A T J Dollar (Birkbeck College, London) exhibited a 
map ulustrating the intensity of the quakes, together with 
data based on reports from observers of the British Earth- 
quake Enquiry. Other earthquakes demonstrated in the 
same manner were those occurring m the County of 
Inverness m 1947 (ref 3) and the Midlands m 1957 (ref 4) 
Together with F G Berry, Dr Dollar also showed a new 
hand-operated continuous cormg tool with a sample core 

A G Nicholson showed specimens ulustrating the 
geology of the Lizard Pemmsula These meluded the 
‘serpentine’ of the local lapidaries which 1s the altered 
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and attractively coloured part of bastite serpentine found 
chiefly at quarries near Kennack and Lizard Town, 
although some of the lapidaries’ stock consists of beach 
boulders Rare mvertebrates obtamed from a very large 
‘pocket’ of fossiiferous sand of the Lower Bartonian 
(Eocene) at Highelitfe, Hampshire, were exhibited by 
F. © Stinton They meluded a sea urchin Spatangus 
omalw and bivalves Tellina scalaroides and Abra glabra 
The ‘pocket’ was contamed in a very sandy blue clay 
Kingston College of Technology showed rocks collected 
in Aberdeenshire at the British Association Meeting and 
fish from the Lower Old Red Sandstone (Lower Devoman) 
at Kerrera, near Oban Accordingto P R Gurr (Kingston 
College) and Dr L B Tarlo (University of Oxford), the 
fish fauna consisted of Cephalaspis lornensis, as well as a 
new species of this genus possessing long cornua projecting 
from the postero-lateral corners of the head shield Two 
new cephalaspid genera, also represented, mdicated that 
forms with cornua were not merely primitive animals 
giving rise to true Cephalaspis, but that they had an 
important evolutionary development of ther own 
Some Tertiary mammals from France were shown by 
W H Bennett, including teeth of Mastodon angustidens 
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from the Helvetian (Middle Miocene) and teeth and 
jawbone of Lophiodon riunocerodes, a relative of the tapır, 
from the Bartonian (Eocene) Other ıtems mcluded casts 
of recently described American species of crustaceans, 
etc, by Mrs J I Collins, Arcoscalpellum comptum, a 
cirripede new to the Gault (Lower Cretaceous), by J 8 H 
Collms, a pyrites nodule from the chalk (Cretaceous) 
contamimmng a terebratuld by A Gunner, fossu reptile 
remains from the Lias (Lower Jurassic) at Ravenscar 
by A J R Snelimg, igneous and associated rocks of the 
Lake District by the Cumberland Geological Sooety, a 
cheap method of recording seral sections at minute 
intervals by F.J W Holwul (Imperial College of Science 
and Technology, London) and new German Devonian 
fossil finds, ete , by Mr and Mrs E P Bottley of the well- 
known geological firm of Messrs Gregory, Bottley and Co 
J L GILBERT 
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INSTITUTE OF PERSONNEL MANAGEMENT 
GOLDEN JUBILEE 


HE last major event in the Golden Jubilee Year of 
the Institute of Personnel Management was rts annual 
conference held at Harrogate durmg October 10-12 
Again the attendance was about 1,000, made up of per- 
sonnel and staff managers and directors from many com- 
panies throughout the world 
The theme of the conference was management, pro- 
ductivity and mdustrial relations, and this was examined 
by Lord Shawcross in his opening address He suggested, 
first, that before advising industry how to organize itself, 
pohticians should set themselves the task of organizing 
Government itself, for the machmery ıs crackmg to the 
point of breakdown The weakest part of the organization 
1s in the formulation of policy In ‘the old days, perhaps 
up to the First World War, governmental activity was 
far less complex than 1t1s to-day, and ministers with ample 
leisure and small departmental responsibilities were able 
to cope with problems reasonably satisfactorily To-day, 
with vastly mereased occasions for governmental mter- 
vention, with problems of immense complexity and with. 
heavy departmental pressures, this ıs far from the case 
To-day, policy 1s settled by debate in a Cabinet con- 
sisting of twenty-two members, each armed with a 
departmental brief and either tending to look at the 
matter mamly from a departmental pomt of view or 
expressing an opmion without much real knowledge of 
the subject-matter Any business run in this way would 
collapse Efficiency demands a much smaller Cabinet, 
say perhaps ten people, selected not primarily because 
they happen to be the heads of particular departments 
but because they are clearly the best ten people at the 
Prime Munister’s disposal Among these ten people, the 
Prume Minister must lead clearly and firmly and accept 
the responsibility of being the ultimate arbiter of pohey 
Obviously this arrangement would place on the Prime 
Mmuster a heavy burden: he would need assistance much 
beyond what can at present be given to him by his small 
private office He should have, as number two m his 
Cabinet, as a kind of ‘chief of staff’, a mimuster without 
direct departmental responsibihties, possibly the Lord 
President or the Lord Privy Seal, whose task ıt would be 
to assist the Prime Minister m formulatmg planning and 
assessing policies and surveying the main field of govern- 


mental activity This mmister should himself have a 
small staff of top-level people, largely drawn from outside 
the Civil Service and including some possessing what 
pohticians usually lack completely, a trained under- 
standing of the technological age m which we live, who 
would help to formulate policies havmg first formed a 
political view as to what 1t was desnable and expedient 
to do 

Turning to industry, Lord Shawcross said that, although 
there are gratifying signs of an upturn in the economy, 
Britain 1s not doing well enough Other countries have 
accelerated past her In the past eight yeais Britai’s 
wages costs have risen about 3 per cent por annum faster 
than her mam competitors, productivity has rison about 
3 per cent slower In those years Britain’s export prices 
went up by 15 per cent, her exports in quantity went up 
by 32 per cent In the same period, German. prices went 
up only 5 per cent—but her exports rose m quantity by 
nearly 200 per cent 

There 1s need for a supercharger to boost the mdustrial 
engine, and this must come from industry The Govern- 
ment, however, has a part to play ın its planning function 
Government planning with knowledge of the overall 
economic picture ought to be of value to mdustry and 
there are things which Government can do, as varied as 
selective capital investment allowances, encouraging par- 
ticular industries and special housmg programmes and 
resettlement allowances, to encourage mobility of labour 
Subject to Government marking out the roads for ad- 
vance, the self-correcting features of competitive private 
enterprise should not be destroyed The supercharger, 
however, 1s better management and better mdustrial 
relations leading to better productivity In the past 
quarter of a century there have been great improvements 
in standards of management Nowadays the pattern in 
big industry 1s increasingly for the boards of mdustrial 
operating companies, as distinct from holdmg companies, 
to consist entirely of whole-time executive directors who 
have worked themselves up to the top But the standard 
of management still needs to be raised considerably and 
management traming should be organized not by industry 
alone, and not by the universities and technical colleges 
alone, but by both groups in consultation with a full know- 
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ledge of what each can provide and each needs The crux 
18 to enable executives to develop those quahties which 
make them more than merely good administrators, give 
them more powers of intellectual analysis and mtegrity and 
enable them to look for and assess the factors which are 
relevant to and on which they can take firm decisions 
and exercise clear leadership 

As usual, a series of sectional meetings at the con- 
ference provided a useful means of reviewing progress in 
@ number of sectors concerned with improving human 
and industrial relationships In discussing the merits of 
long-term agreements as a means of establishing better 
human relationships, for example, J S MeGavin (Albert 
E Reid and Co, Ltd ) suggested that, with the possible 
exception of the agreement m the building trade, long- 
term agreements differ from the old merely in that horse- 
trading occurs at greater intervals The chief motive ın 
negotiating a long-term agreement seems to be to reduce 
the frequency of negotiations which can occupy a large 
amount of the time of both employers and Trade Unions 
and lead to deterioration ım relationships. There 1s now, 
however, a new force m evidence which must begin to exert 
an ifluence the setting up of the National Economic 
Development Council and the National Incomes Com- 
mission Particularly significant is the retrospective 
exammation of any agreement which 1s part of the terms 
of reference of the National Incomes Commission Private 
bargains between employers and Trade Unions may be 
subjected to close scrutiny based at least on some of the 
facts that tend to be forgotten in the heat of bargamıng 

Among the disadvantages of long-term agreements are 
that, m a trade recession, profits may drop while labour 
costs are automatically mereased, there ıs an mcrease in 
tension when an agreement comes to an end and a new 
one 18 to be negotiated, with the possibility of a strike 
if the negotiators are unwillmg to make concessions, the 
experience of employers ın the United States ıs that 
automatic wage adjustments under a long-term agree- 
ment have httle effect on productivity but that there ıs 
some intangible or moral value, especially m disputes 
over technological change and its effects on remuneration 
Not all trade uniomsts are keen on long-term agreements 
and some see them as seriously lessening the Trade Union 
bargamimng position 

R F Marshall (Associated Electrical Industries, Ltd ) 
examined the Government proposals for dustrial trang 
as a means of improving Britam’s madequate supply of 
skilled manpower The objects of the trainmg proposals 
are to enable decisions on the scale of training to be better 
related to economic needs and technological develop- 
ments, to umprove the overall quahty of mdustnal 
traimng and to establish mnimum standards, to enable 
the cost to be more fairly spread Among criticisms of 
Government proposals made by Marshall were that the 
provision of dustrial trammg places m the appropriate 
numbers and of appropnate quality ıs an essential feature 
of the training arrangements for the technicians and 
technologists Tho National Council for Technological 
Awards sent a comment on this to both the Minister of 
Education and to the Mimister of Labour “Industrial 
training plays as ımportant a part im the traimng of a 
technologist as ıt does m the traming of a craftsman and 
a technician While a large number of firms have given 
considerable assistance to colleges in providing mdustrial 
trammg for students followmg courses leading to a 
Diploma of Technology, the further expansion of courses 
will require a substantial merease m the number of 
traming places m mdustry” 

It ıs proposed that the majority of firms scheduled 
within a defined industry shall contribute a levy and thus 
be directly involved, even though some of the firms do 
not actively contribute to trammg The Mumuster of 
Labour has suggested that ıt would be uneconomical to 
extract the levy from very small firms This point of 
view 18 criticized on the grounds that rt 1s these very 
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small firms which dram away skilled labour from the 
larger units The industmal trammg boards proposed by 
the Minister will have the responsibility for all aspects of 
trammg, not excluding management trammg Doubts 
have been expressed, about the capacity of a board which, 
having been set up to promote craft traming, would be 
able to consider and promote tranmg at other levels of 
employment where standards have yet to be set Marshall 
also made a number of suggestions to ensure that levies 
are fairly made m mdustrial organizations and also for 
the efficient running of the Industrial Traming Boards 

Jn a plenary address, Prof O Hahn-Frend, professor 
of comparative law (elect) m the University of Oxford, 
examimed the question of whether increased legal mter- 
vention, ın industrial relations ıs desirable in Britain at 
the present time and, 1f so, m what directions He dis- 
tunguished between four different kinds of such inter- 
vention which may be called auxiuary, prohibitive, 
regulative and remedial The law may seek to promote 
collective bargainmg and the observance of collective 
agreoments, for example, by unposing a legally enforce- 
able obhgation to bargam (United States), by enforemg 
as compulsory terms of the contracts of employment the 
terms agreed between employers and Trade Unions 
(France, Germany and other Continental countries), or 
by creating substitutes for non-functioning bargaming 
machinery which at the same time operate as stimul to 
collective bargammg and to the observance of agreements 
(Britam) In all this the law ıs no more than an auxihary 
to collective bargainmg It does not regulate, but assists 
the autonomous forces of industry m doimg so 

The law may (and must) mark the outer hmits of the 
area, within which hostile action m industrial relations is 
permissible, and prohibit certain types of conduct con- 
nected with stmkes, lock-outs, ete, while permitting 
others This is the only contribution the Common Law 
has made, and one of the mam. functions of legislation in 
Britam has been to free mdustrial action from the shackles 
of the Common Law Even so, this prohibrtory function 
of law can nowhere and never be dispensed with entirely. 

Thirdly, the law may itself create the standards pre- 
vailmg between employers and the employed, that 1s, 
their mutual rghts and duties Protective legislation 
concerning health, safety, welfare, legislation on hours of 
work, on methods of wage payments and also on mmunum 
wages and holidays, offers examples Outside Britam, 
this covers nghts of tenure, that 1s, security of Job, pay- 
ment in the event of sickness or mterruption of work, 
notico of termmation of the contract and many other 
matters To some extent, the recent Contracts of Employ- 
ment Act is also an example Fourthly, and lastly, the 
law must provide enforcement machmery, that 1s, ad- 
ministrative authorities, such as mspectors, and courts 
and enforcement officers to translate rights mto remedies 
and remedies into tangible advantages The practical 
value of auxilary, prombitive or regulatory legislation 
may depend on the stringency and accessibility of the 
remedies provided by its enforcement 

There ıs a strong case for mproved and increased 
regulatory and remedial legislation, but the case for 
further auxihary legislation 1s weak and that for further 
prohibitive legislation non-existent Trade Unions and 
employers’ associations are well able to see to the enforce- 
ment of collective agreements, provided the law does not 
further deprive them of the extra-legal weapons at their 
disposal With the growth of non-manual at the expense 
of manual work (which is the result of technical develop- 
ments) the area of collective bargaing may dwindle and 
the need for regulatory legislation may grow So may the 
need for state-provided enforcement machmery, less 
expensive, more accessible and more rapid than the 
existing courts 

With regard to regulatory legislation on security of jobs 
and legislation on the enforcement of rights between 
employers and employees, Britain falls between two stools 
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Britain does not have collective agreements as mtensive 
in coverage as those existing ın the United States perhaps 
owing to the extensiveness of their scope (industry-wide 
es distinguished from plant-wide agreements) British 
agreements are less substantial than their counterparts in 
the United States, and, in particular, do not comprise 
anything hko the American codes of job security and 
seniority or the grievance arbitration machmery through 
which these and other rights are enforced On the other 
hand, Britain has nothmng comparable with the German 
legislation on job security or the French principles on 
abusive or unfair dismissals The Contract of Employment 
Act, 1963, 1s no more than a feeble and insignificant first 
step in this direction ıt gives a mght to a maximum of 
four weeks’ notice after five years of continuous employ- 
ment, and no power to award compensation for unfair 
deprivation of job German workers and employees can 
claim up to one year’s salary or wages by way of compen- 
sation for undue dismissal 

Sumiarly, Britam has neither the American pattern of 
grievance arbitration nor the Continental pattern of labour 
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courts, consisting either (as ın France) entirely of laymen, 
or (as m Germany) of a lawyer chawrman, one employer 
and one employee with equal nghts These operate very 
rapidly and very cheaply, and settle many cases, and are 
far better adjusted to handling employer-employee cases 
than the existing machinery of justice n Britain 

To-day, British legislation on labour relations which, at 
one time, was m the van of progress, has fallen in arrears. 
The scrutmy of the fairness of dismissals, coupled with a 
power to award a right to be reinstated or to receive 
compensation and the creation of labour courts, are two 
measures necessary to promote social justice as well as 
the smooth operation of mdustrial relations 

The conference was also significant for a plea by 
Mr G R Moxon (United Glass Ltd ), the president of the 
Institute, that the time had come for all bodies dealing 
with personnel management to re-examine ther structure 
and organization and pool their resources in order to 
provide better services, particularly ım projects overseas 
where British participation would be invaluable 

T H Hawxws 


SOLID-STATE CHEMISTRY 


HE phenomenal growth of solid-state cherustry in the 
past fifteen yeais owes much to the jomt research 
ventures of chemists, engmeers and physicists, and the 
impetus for this stems largely from what has been aptly 
termed “the explosion in electronics’, the invention of the 
transistor In a paper by Dr N. B Hannay, chemical 
director, Bell Telephone Laboratories, for many years 
past concerned with semiconductor chemustry (Scrence 
and Technology, New York, October, 1963), the present 
position of this intriguing subject ıs ably summarized 
The basis of this discipline 1s, he says, that “all solids are 
unperfect, fortunately, with atoms missing, misplaced, or 
of the wrong kind serving to brmg the seemingly stolid 
solid to vibrant, useful, chemically reactive hfe’ The 
high state of purity and crystallme perfection of some 
semiconductors, combined with thew unique electrical 
properties, have facilitated the quantitatrve investigation 
of chemical processes ın the solid state, they have made 
chemical reactions in such materials not only of great 
scientific interest but also to assume the rmportance of 
model systems as first principles in as yet a wide and largely 
unexplored field of chemical behaviour 
Many chemical interactions m semiconductors are 
analogous to those known and described in solution 
chemistry. The solvent ıs weakly ionized, hike water, but 
m this case solid instead of hqud “Just as ionization 
of water produces hydroxide and hydrogen ions (H0 = 


H+ + OH-) so ionization m semiconductors produces con- 
duction electrons and holes (Sı lattice <= e+ + e-) m & 
closely analogous way. Conduction electrons, which are 
not bound to any lattice atoms but wander freely through 
the lattice, are created when valence electrons are excited 
out of their normal atomic orbits by thermal agitation or 
by optical excitation Holes, which simulate positively 
charged particles m their electrical behaviour, simply 
represent missing valence electrons’ Several examples 
of reactions m semiconductors resemblng those in 
aqueous solution are given in this paper and the analogies 
between them are striking They result from the essential 
similarity between the hole (e+)-electron (e-) equilibrium 
m semiconductors and the hydrogen—hydroxyl equih- 
brium in water It ıs mdicated that both equilibria are 
governed by the famuiar law of mass action, that 1s, any 
change m concentration of reactants which are in equili- 
brium shifts the equilibrium in a direction that tends to 
neutralize the change 

As Dr Hannay pomts out, there remam, apart from the 
‘glamorous’ materials and devices already discovered in 
the course of these researches in solid-state chemistry, 
innumerable problems of major theoretical and practical 
importance that are still unsolved Among these may be 
cited the better understanding of controls on reaction 
rates, diffusion mechanisms, nucleation processes, for 
example, as appleable to catalysis H B MILNER 


CENTENARY OF THE BIRTH OF W. H. YOUNG, F.R.S. 


ILLIAM HENRY YOUNG was born on October 
20, 1863 He entered Peterhouse, Cambridge, in 
1881, was fourth Wrangler in 1884 and a Fellow of Peter- 
house from 1886 until 1892 For thirteen years he 
coached for the Mathematical Tripos, a profitable but 
arduous occupation Hewas an excellent coach, particu- 
larly with less than excellent pupils, but he gave, so far 
as mathematics was concerned, no sign during this period 
of the fertile origmality that was to come 
In 1896 he married Grace Chisholm, a mathematician 
of no mean ability herself, a Wrangler of Girton and the 
first woman D Phil of Gottmgen Distinguished as her 
own. work was, her greatest service to science was the 
influence she had on her husband, which, in the first 
instance, led him in 1897 to give up his Cambridge practice 


and devote most of his tme to research From then on, 
the family home was abroad, at first m Gottimgen, later 
in Switzerland Although Young spent some months m 
each year from 1901 until 1923 in some paid activity, 
mainly teachng mathematics in Britam, mathematical 
research (unpaid) dominated the rest of his life In 30 years 
he published more than 200 papers Young burst out in 
British pure mathematics lke a supernova He was 
elected a Fellow of the Royal Society m 1907 

His productivity 1s the more astounding m that ıt 
started so late and that his first work failed to brmg him 
the credit ıt deserved About this time, Lebesgue arrived 
at his definition of an mtegral Young, working mde- 
pendently, arrived at a definition differmg m form from 
Lebesgue’s, but essentially equivalent Lebesgue, how- 
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ever, was first, and ıt 1s called the Lebesgue mtegial For- 
tunately, Young’s name is attached not only to recondite 
theorems ın the theory of Founer series and the theory 
of surfaces, but to more than one result m undergraduate 
analysis, where the clarity of his mind created a new 
sumplicity and a new elegance 

He raised a large and talented family He died ın 
1942, alone m Lausanne, separated by the accidents of 
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war from his wife and family At a semmar on November 
5, at Imperial College, Sir Graham Sutton (one of Young’s 
pupus), Dr J C Burkill and Prof. J Proudman spoke 
on Young and hs mathematical work, imcluding his 
methods of teachmg, and the centenary was commemor- 
ated in the evening by a small dinner at his old elub, the 
Athenaeum. (See also Natwe, 150, 227, 1942 ) 
H D URSELL 


SHIFTING SAND BANKS OFF LOWESTOFT 


ITTLE 1s known about the origm or stability of sand 
banks although some are serious hazards to naviga- 
tion around the southern half of the British Isles Accord- 
ingly, pubheation of a detailed account of 6 square mules 
of sand banks off Lowestoft* 1s a most welcome addition 
to knowledge, for both practical and academic reasons 
Jt 1s fitting that this study was carried out by a member 
of staff of the department of the Admuralty which surveys 
the sea-floor and draws up navigational charts 
The method of approach adopted by Mr Cloet was to 
compare the 44 detailed surveys made between 1835 and 
1962, using a standard datum From these surveys he 
prepared figures showing the maximum and minimum 
depths detected at any place and then derived a further 
- figure showmg the maximum known changes in thickness 
which can be expected Such changes may reach even as 
much as 80 ft It ıs suggested that the channelled surface 
of maximum depth is made of bedrock or relatively ım- 
movable material such as pebbles 


* Admiralty Hydrographic Department Admiralty Marine Science 
Pubhieations No 6 Hydrographie analysis of the Sandbanks an the 
Approaches to Lowestoft Harbour By R L Cloet Pp in+16+22 lustra- 
tions -+12 graphs (London Admiralty, Hydrographic Department, 1963 ) 

/ 


Much of the analysis 1s concerned with a demonstration 
of the stability or motion of channels and sand banks 
and the smaller features associated with them It 1s 
shown. that the rate of movement of a feature need not 
be uniform and can vary with depth Their direction of 
growth 3s particularly interesting since ıb 1s apparent 
that they approach Lowestoft both from north-north- 
west and south-south-west, and mterfere off the harbour 
entrance There are mdications that their direction of 
growth corresponds to the direction of sand transport by 
tidal currents though the occasions of transport, and the 
relative importance of sea-waves cannot be revealed by 
such a study 

Diagrams are numerous, but it 1s a pity that so few are 
self-explanatory It is rather unfair that only some of 
the localities mentioned m the text aie shown on the 
figures, for not everyone has ready access to detailed 
Admiralty charts, or knows the region as well as Mr 
Cloet A much more serious criticism concerns the 
difficulty of identifying the ornament and of matching it 
with that in the key on figures, such as 3-5 Such a style 
of reproduction 1s false economy A H STRIDE 


LONG-RANGE WEATHER FORECASTS 


HE present state of knowledge does not permit a 

satisfactory theoretical solution to the problem of 
the general circulation of the atmosphere, nor to the 
associated, problem of forecasting for long periods ahead 
Because of the practical importance of long-range fore- 
casts, many national meteorological services attempt to 
deal with the problem empineally, mostly on a regional 
basis and, of course, avoiding over-precision No country 
depends entirely on one method of prediction, but makes 
the most of a variety of aids towards a solution In any 
country, however, there tends to be a concentration of 
effort along particular lines because of the work involved 
A short deser:ption of the methods adopted by different 
meteorological services has recently been published} 
by the German Weather Service, following the report? 
published ın 1962 by a workmg group of the Commission 
for Aerology (World Meteorological Organization) 

Some methods used are statistical and objective, and 
can treat a wide range of observational material in attempts 
to find correlations between future weather and available 
measurements Regression equations have been used, 
for example, m forecasting the Indian Monsoon, but simple 
and multiple correlation tables also have then uses The 
French, German and Russian weather services make great 
uso of statistical methods The various chosen predictors 
may be values of anomahes of pressure, temperature or 
rainfall, or may be concerned with weather types, solar 
influences, or with the mteractions of atmosphere and 
ocean Climatological probabilities and persistence 
tendencies must also be taken into account 

Another of the favoured methods makes use of analogous 
situations from the past, and assumes that an existing 


weather situation will develop m the manner followed by a 
similar previous situation found ın weather records 
The finding of analogues is essentially the basis of the 
British method, which compares present and past patterns 
of temperature anomalies over a large part of the northern 
hemisphere, and also examines the sequence of weather 
charts dung the month over the British Isles as well as 
the monthly mean pressure chart over the northern 
hemusphere A forecast can then be made when a number 
of analogous situations lead to similar sequels If their 
sequels are different, then the most hkely sequel 1s chosen 
in the hght of additional arguments which may be based 
on the hmits of the polar ice-cap, sea temperatures, snow 
cover or some marked anomaly of the general circulation 

Other methods depend on extrapolation For example, 
the United States Weather Bureau examines mean 
circulation patterns and extiapolates these by normal 
forecasting methods, thus obtamıng an mdication of the 
most hkely main paths of depressions and anticyclones 
durmg a period From ths mdication can be produced 
charts showing anomalhes of temperature and rainfall 
Other extrapolation methods make use of periodogram 
analysis and extrapolate any regular variations found in 
a chosen predictor, though some methods used m the 
United States make use of a theoretical formula for obtain- 
ing the speed of movement of a wave pattern 

Many of the methods are adaptable to the electronic 
computer, and the enormous possibilities of modern 
computimg are causing some reconsideration of previous 
ideas on the use of statistical data The computer also 
makes possible various researches on the use of dynamical 
theory to obtain a numerical prediction 
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In all this work there ıs great need for mternational 
co-operation by the exchange of scientific papers, data and 
forecasts Veuification tests are difficult to carry out 
even with the facilities of a meteorological service, but 
the various countries show a very simular (rather low) 
standard of success. The Bııtısh Meteorological Office, 
on tho basis of experience with experimental forecasts 
durmg the past decade, clams no more than forecasts 
which are significantly better than chance when. considered 
over a period of time From December 1963 the forecasts 
will appear m a new Meteorological Office publication’, 
though the methods used are still experrmental The 
publication consists of a single sheet, one side of which 
contains climatological data for Britain for the forecast 
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period, while the other side contains data for the month 
just past, followed by weather prospects for the coming 
month Used with understanding, these forecasts may 
be of value to various mterests m industry, commerce 
and agriculture. W S GARRIOCK 


1 Deutscher Wetterdienst Annalen der Meteorolope, Neue Folge, Nr 2 
Der Internationale Stand des Problems der Langfrst-Vorhersage.? 
Alfred Hofmann, Pp 54 (Offenbacha M Selbstverlag des Deutschen 
Wetterdienstes, 1963 ) 

2 World Meteorological Organization, The Present Status of Long-range 
Forecasting un the World Technical Note No 48, Geneva, 1962 

? Meteorological Office , Monthly Weather Survey and Prospects (Published 
monthly as a single sheet, with a mid-month supplement Price, 
meluding supplement, 1s 2d monthly, post free Annual subscription 
rate 18s 6d Obtainable from the Secretary, Meteorological Office 
(MWS), London Road, Bracknell, Berkshire ) 


ACCELERATION OF SINKING RATES OF RADIONUCLIDES IN THE OCEAN 
By Pror CHARLES OSTERBERG, Dr, ANDREW G. CAREY, jun., and Dr, HERBERT CURL, jun 


Department of Oceanography, Oregon State University, Corvallis 


IRCONIUM-95-niobium-95 and cer1rum-141~144 were 
detected by y-ray spectrometry m two samples of 
sea-cucumbers collected off the Oregon coast west of 
Newport m April 1963 Sea-cucumbers of the genus 
Paelopatedes were found at 2,800 m, 65 mules offshore, 
Stchopus californicus were taken im 200 m of water 25 
mules off Newport The y-ray spectra of these two benthic 
sediment feeders were remarkably simular, except for tho 
lower zinc-65 peak in the spectrum of Paelopairdes sp 
(Fig 1) Since these animals are bottom feeders, the 
presence of short half-lived fission products m the deeper 
sample suggests a moro rapid sinking rate for fall-out 
particles m the sea than would bo expected from purely 
physical processes 
All benthic animals were collected with a 22-ft shrimp- 
type otter trawl. Samples, preserved im formahn and 
freeze-dried, were ashed at 500° C overmght 12 cee. 
of ash were counted in the well of a 5ın x ın sodium 
1odide (TI) crystal, the signal from which was resolved 
with a 256-channel pulse height analyser 
Recounts of both samples over a 114-day period mdi- 
cated a 66-day half-hfet for *Zr—"Nb The calculated 
half-life of the #44-144Ce mixture gradually lengthened due 
to the decreasing percentage of 33-day 144Ce compared to 
282-day 4Ce Potassium-40, the naturally radioactive 
isotope of potassium, has a very long half-life and showed 
no significant changes m activity over the period of 
observation 
Particles of fall-out radionuclides oxist ın a wide range of 
sizes, but Sisefsky? found particles larger than 4 5y from 
worldwide fall-out to be very rare These particles would 
not be likely to snk m sea-water at a rate faster than that 
determined from Stokes’s law According to the calcula- 
tions of Carritt and Harley? based on Stokes’s law, a 10u 
spherical granite particle would require almost a year to 
sink to 2,800 m and a ly particle would require 100 years, 
in the absence of turbulence 
There are fow measurements of the settling rate of fall- 
out particles in the ocean Near Eniwetok immediately 
after a nuclear test, Lowman‘ observed that radioactivity 
moved downward in the surface mixed layer (about 75 m 
thick) at 25 m/h Below the thermocline, ıt creased 
to 10 m/h At these high rates, a particle would smk to 
2,800 m in approximately 12 days Such high smking 
rates are probably due to the predominantly large particles 
present im local fall-out®, most of which have a diameter 
greater than 25u 
Sugihara and Bowen reported that cerrum-144 in the 
Atlantic Ocean, away fiom local fall-out, 1s removed from 
surface waters on particles sinkmg at about 100 m per 


month, or slower Fall-out travelling at ths rate would 
require 28 months to reach 2,800 m The half-life of 
girconium-95 ıs only 65 days, and the peak due to this 
isotope m the spectrum of our deep sample 1s a promment 
one Clearly the zirconium-95 in our collecting area, also 
far from any nuclear test sıte, must have descended at a 
rate much faster than 100 m/month 

The sumilarity of the fall-out peaks (*%Zr-Nb and 
141~144(0%9) for the two samples (Fig 1) suggests a very short 
transit time downward for these radionuclides Unfor- 
tunately, however, absolute values for settlng times 
require many assumptions For example, we may assume 
that both deep and shallow sea-cucumbers should have 
the same K %Zr—5Nb ratios, and attribute the small 
observed difference to radioactive decay ‘The larger ratio 
for the sea-cucurbers from 2,800 m would result from a 
decay time (that 18, transit time) of seven days 

We might also assume that both groups of animals 
should have equal amounts of *Zr—*Nb (per unit weight) 
if they were feeding together at the same depth However, 
the deeper sample was observed to have less Zr- Nb 
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Fig 1 Gamma-ray spectra of the sea-cucumbers Paelopaides sp and 


Stichopus ceaiformeus To avoid the confusion of overlap, the spectrum 
of the sea-cucumber from 2,800 m has been displaced downward slightly 
2irconium-95-niobium-95 and cerrum-141~144 are from fall-out, zme-65 
18 principally from the Hanford, Washington, reactors, and potasaim-40 
18 the naturally radioactive isotope of potassium 
100 min count, , 200m, —— 2,800 m 
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than the shallow sample The observed difference m 
activity, if attributed to radioactive decay while the 
fall-out settled to the greater depth, yields a transit time 
of about 12 days Although neither assumption 1s known 
to be vahd, the small difference mn the spectra pomis to 
the need for a process which is capable of carrying fall-out 
down to the ocean, depths before appreciable radioactive 
decay can occur 

We suggest that biological processes are responsible for 
the relative abundance of fission products m deep bottom 
feeders Particulate fall-out radionuclides are known to be 
concentrated by herbivorous copepods, euphausuds, salps 
and pteropods’-® These zooplankton, which make up the 
bulk of second trophic level marme organisms, mgest 
fall-out particles attached to mucroscopic plants im the 
surface waters of the ocean Unassimilated radionuclides 
are released ın fecal pellets, which, because of their 
greater size, sink rapidly. The biological turn-over time 
for these radionuchdes is quite shorts Chipman”, m a 
laboratory expermment, observed that the copepod 
Tugropus californicus excreted 97 per cent of mgested 
cerium-144 im one day. He concluded that fission pro- 
ducts in general were poorly absorbed from the digestive 
tracts of zooplankton Apparently most herbivorous 
plankton are rapid ‘processors’ of particulate fall-out 
radionuclides, continually converting small particles mto 
larger ones 

Preimmary measurements of the smking rates of fecal 
pellets have been made m our laboratory by Curl (ın 
preparation) Euphausia pacifica, a very abundant 
euphausud, was fed diatoms (Skeletonema costatum) The 
average sinking rate for the resultmg fecal pellets (100u x 
1,000u-500u x 3,0002) was 43 m/day Under similar 
conditions (still water, temperature 10° C, salimty 
33°59) these pellets would require about 65 days to 
reach 2,800 m. Of course, there are many factors mn the 
ocean which could alter the smking rate Nevertheless, 
radionuchdes meorporated into fecal pellets would reach 
the bottom much faster than ‘unprocessed’ fall-out 
particles 

Predators which feed on herbivorous zooplankton carry 
fission products into higher trophic levels These predators 
are in effect concentrating fall-out radionuchdes, since 
most of the Zr- Nb and “!-144Ce is not assumilated®. It 
is conceivable that the excretory products of higher 
trophic level organisms are in such a form as to further 
accelerate settling rates of these radionuclides 

The ratios of *Zr-"Nb 41-4109, which were higher 
m the deep sample throughout the observed decay penod, 
indicate that more 14)-444Ce than *%Zr—*Nb was lost 
during the longer transit tıme to 2,800 m Preferential 
loss could result from a slghtly greater solubihty of 
141-1449, exther ın sea-water or in the digestive tract 

Zine-65, from atomic reactors (Hanford Laboratories, 
Washington) on the Columbia River, did not behave m 
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the same manner as the fission products It was abundant 
m sea-cucumbers from 200 m, but much less was found m 
anunals from 2,800 m (Fig 1), despite a longer half-hfe 
(245 days) than §Zr-Nb Unhke zreomum, mobium 
and cerium, zie 18 present m a number of enzymes 
Apparently the biological turnover time for zinc ıs quite 
long, and little radiozime reaches the bottom Either rt 
is not readily excreted, or, 1f excreted, most zime-65 is 
lost from fecal pellets before they reach 2,800 m 

The possibility that our samples were contaminated 
with fall-out either at sea or in the laboratory was carefully 
checked. Of the 25 sea-cucumbers taken m the deep 
sample, only 16 were ashed to obtain the spectrum im 
Fig 1 Ñx others were dissected, and thew digestrve 
tracts (which would not be subject to surface contamina- 
tion) were analysed separately The same radionuclides 
were present ‘The spectrum of seven unidentified antho- 
zoans (sea anemones) from the same trawl showed com- 
parable levels of “K and Zn, but the *Zr—SNb peak 
was only one-eighth as high This difference would not be 
expected ıf the sample were contaminated, but 1s typical 
of the discrimination against Zr- Nb which has been 
observed in some oceanic animals® As a further check 
three and one-half months later a second collection 
was mado from 2,600 m, 145 miles offshore The levels of 
radioactivity m Paelopaizdes sp were lower, but evidence 
of fall-out was clearly present Benthic worms, which ais 
considered to be deposit feeders, were also collected in this 
trawl They too contamed Zr- Nb 

These observations lead us to conclude that fall-out 
radionuclides can reach the ocean bottom quite rapidly 
under certam conditions We propose that the great 
numbers of herbivorous zooplankton m the upper layers 
of the ocean are largely responsible for this phenomenon 

We acknowledge the assistance of Daml Hancock, 
Lauren Larsen and the captain and crew of the RV 
Acona We thank Ehzabeth Deichmann and J McCauley 
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PALACOMAGNETIC INDICATIONS OF AN INCREASE IN THE EARTH'S 
RADIUS 


By Dr. D. VAN HILTEN 
Department of Mining, Technological University, Delft, The Netherlands 


NUMBER of authors! have proposed, mainly on 

geotectome grounds, the hypothesis that the Earth’s 
radius has mereased during geological history The rate 
at which this merease should have taken place according 
to their views 1s depicted m Fig 3 The authors agree 
that the contments have not—or have scarcely—ancreased 
in area since the Paleozoic, and that the mcrease in global 
area must be sought m the formation or enlargement of 
the oceamec basins This imphes that the distance 


measured along the Earth’s surface between two poinis 
on the stable part of the same continent remains constant, 
but that the geocentme angle between these points 
decreases inversely proportional to the imerease in the 
Earth’s radius 

Iake most students of paleomagnetism, I assume that 
the ancient geomagnetic field had a dipole configuration 
From the direction of magnetization measured on rocks 
of one sampling site the ancient position of the geo- 
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Fig 1 Carboniferous (1, 2, 3) and Trassie (4, 5) paleomagnetic data 
from North America im stereographic projection Sampling sites (open 
circles) are rounected bv great circles (dashed) with the corresponding 
pole positions (tull dots), the distances between site and pole position 
heve been calculated on the assumption of a constant Earth’s radius 
(Ra=R) The scatter of the poles can be reduced by diminishing this 
Raj ratio to such a degree that the pole positions come to lie around 
the points of intersection (arrows) of great circles of equal geological age 
Numbers refer to Table 1 
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Fig 2 Permian paleomagnetic data from Siberia (6, 7), Russia (8), and 
western Europe (9) See also caption to Fig 1 and text 
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magnetic pole with respect to this sampling site may be 
reconstructed the declination of the direction of magnet- 
ization. shows the direction (a great circle through the 
collecting site) m which the ancient pole was situated 
From the mclination (I) the ancient distance of the pole 
from the sampling locality can be calculated from 
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Ra 


p= p core (4 tan JI) (1) 


where 18 the geocentric angle between sampling site and 
ancient pole position, adapted to the present-day radius 
of the Earth (FR), Ra represents the ancient radius of the 
Earth at tho time of deposition of the rocks wnvestigated 
When paleomagnetic observations of equal age from two 
or more widely separated localities on the same contment 
are available Ra may be found Distinctions can be made 
in two different cases (1) the localhties were situated on 
about the same ancient geomagnetic meridian, but on 
different geomagnetic paleolatitudes, (2) the localities 
were on about the same geomagnetic paleolatitude but 
on different geomagnetic paleomeridians 
In the first case the ancient radius 1s known from 


Ra = d/[cot-(4 tan I) — cot-1(4 tan I,)] (2) 


where d is the distance measured. along the Earth’s surface 
between the two ancient geomagnetic latitude circles of 
the samphng sites, and I, and J, are the mchnations of the 
direction of magnetization measured at these localities In 
an earher attempt to calculate the Permian Earth’s radius, 
Cox and Doell® made use of this method; their results will 
be discussed here 

In the second case the ancient geomagnetic pole position 
may be found by drawing the great circles through the 
sampling localities in the direction given by the dechina- 
tion (Figs 1 and 2) The ancient pole will be situated 
then on the intersection of these great circles, which are 
in fact geomagnetic paleomeridians From equation (1) 
Ra can be calculated, p bemg known as the distance 
between sampling site and pomt of mtersection of the 
great circles 

Scrutinizing the world’s paleomagnetic record, five 
sets of paleomagnetic data can be found which seem 
favourable for an Ra evaluation (a) the Carboniferous of 
North America, (b) the Triassic of North America; (c) 
the Permian of Siberia, (d) the Cretaceous of North 
America, (e) the Permian of western Europe The first 
four of these sets should be classed under case 2, and the 
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Fig 3 Change in the Barth’s radius with tıme accordmg to Egyed (ref 2) (05-10 mm/y ), Carey (ref 1) and Heezen (ref 3) (45 per cent 


mcrease m area since the Permian), and Hilgenbereg (ref 4) 


Time-scale according to Kulp (ref 23) Curcles show the results of the analysis 


of paleomagnetic data discussed in this paper 
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Table 1 
Mean pole position Distances between (1) and 
Mean sampling site position a = mtersection (s) (2) RoR Ra (km) 
Age of formation No wn Fig Lat Lon Lat Long of great circles 
(1) (2) (3) (4) (3)/(4) 
Carboniferous 1 1 35 N 112 W 35 N 123 E 76° 93° 0 818 5,217 
(N America) 2 1 31 N $9 W 415 N 133 E 86° 93 5° 0 920 5,868 
3 1 48 N 2W 3385 N 136 E 83 5° 97° 6 861 5,491 
Trassie 4 i 40 N 110 W 70 N 84 E 80° 69 5° 0 863 5,504 
(N America) 5 1 41 N 74 84 N 100 E 59 5° 74 5° 0 799 5,098 
Permian 6 2 72 N 102 EÈ 40 N 150 E 80 5° 40) 5° 0 753 4,803 
(Siberia) 7 2 54 N 91 E 43 N 157 E 33° 43 5° 0 759 4,841 
Cretaceous 10 - 36 N 115 W 77 N 1775 E 39° 56 5° 0772 
(N America) 45 5° 50 5° 0 901 
11 - 455 N 72 W 68 N 171 W 43° 52° 0 827 
61° 52° 1172 
12 73N 104 W 68 N 180 13° 21° 0 619 
28° 21° 1 380 
10-12 average 0 945 6,027 





Calculations of the Rej R ratios required to have the pole positions coincidmg with the pomt of mtersection of the great circles 


fifth set of data under case 1, as the sampling sites of 
western Europe are situated about m lme with the ancient 
pole position (same paleolongitude) 

Carboniferous of North America The six mvestigations 
(data from Cox and Doell®, p 704 Nos 38, 40, 43, 45, 47, 
49) are distributed over three sampling areas (Table 1 
and Fig 1) The great circles mtersect at one point, from 
where the distances p to the three sampling sites are 
measured. This yields three values for Rcarboniferous 
(Table 1 and Fig 3) 

Triassic of North America Twelve paleomagnetic 
Investigations are confined to two sampling areas, they 
are (Cox and Doell*®, pp 713-718) Nos 22, 39, 79, 91, 105, 
belongmg to sampling site 4 on Fig 1 The Nos 93, 
96, 9o, 100 and 102 from Cox and Doell* and the investiga- 
tions by Irving and Banks’ and by Opdyke? are all situ- 
ated in the eastern United States, the sampling site 5 of 
Fig 1 

Permian of Siberia. The data have been taken from 
Irving’ and from Popova’® Both calculations of RPerman 
produce about the same value (Figs 2 and 3) 

Cretaceous of North America Five palsomagnetic 
investigations are distributed over three sampling locali- 
ties (Table 1). Location 10 Cox and Doell*, p 725, 
No 4, and the work by Curne et af“; Location 11° the 
observations of Larochelle**; Location 12 the results of 
Larochelle and Black!® The three intersecting great 
circles form a triangle, which offers six estimates for the 
ancient polar distance p and the Ra/R ratio From their 
average value a Cretaceous Earth’s radius of 6,027 km 
results 

Permian of westen Europe A qualitative selection was 
made from the numerous Permian data of western Europe 
Five studies were chosen because of the greater rehability 
of their results, due to laboratory tests ın ac -fields or 
thermal methods, they are the paleomagnetic researches 
by Van Everdingen” (Oslo volcanics), Niyenhuis'® (Nahe 
effusives, Germany), Roche et al ** (Vosges volcanics), 
De Magnée and Nairn!’ (Poudingue de Malmédy, Belgium), 
and Kruseman) (Lodève sediments, Southern France) 
These authors demonstrated that a certain amount of post- 
dopositional or recent magnetization may be present in 
the majority of the rocks mnvestigated, by which especially 
the meclination 1s affected The earlier analysis of Euro- 
pean data by Cox and Doell5 included a high percentage of 
‘not-cleaned’ rocks Furthermore, they envisaged also 
the voleanic series of the Estérel (southern France) an 
area which probably?®.2° should not be considered with the 
stable part of Europe By forming couples of the two 
extreme sampling sites (Oslo and Lodéve) with the mid- 
European ones, and with one another, in total seven 
estimates Of Rperman can be made For the value of d in 
equation (2) the difference between the distances of the 
sampling sites from their average ancient pole position 
was taken The amthmetical mean of the seven calcula- 
tions yields a Permian Earth’s radius of 5,612 km (Fig 3) 


Utterly imconsistent with the foregomg evidence for 
an mecrease in the Earth’s radius durmg geological history 
1s the comerdence of the virtual pole positions derived from 
western Europe and Russia”, though their sampling sites 
are well on different palzolongitudes (Fig 2) Advocates 
of global expansion might attribute this inconsistency to 
the ‘orange-peel’ effect half an orange, squeezed to fit 
the flat bottom of the fruit-squeezer, will produce a num- 
ber of radial tears m 1ts outer rm Something analogous 
may be expected to occur at the borders of a contmental 
slab adjusting itself to a less-curved surface, though, 
taking into account the slow rate of the process and the 
somewhat different materials mvolved, the tears may 
present themselves rather as zones of extension The 
more coherent blocks beside these zones perform tangential 
rotations, each unit moving away from its neighbour 
In Fig 2 some zones of extension (hatched) have tenta- 
tively been drawn between Europe—Russia—Siberia 
Their positions have been chosen m order to fit the 
geological outhnes of those regions the western zone 18 
thought to comcide with the Pechora depression”*, the 
eastern one with the Ob Valley, they are both areas of 
thick Mesozoic and Tertiary sedimentation The activity 
of these zones of extension durimg the post-Permian 
expansion of the globe mght have torn the Eurasian 
poles apart, by which the expected configuration of mter- 
secting great circles was destroyed 

To summarize, ıt may be stated that paleomagnetic 
evidence (compiled m Fig. 3) seems to mdicate a note- 
worthy merease ın the Ea:th’s radrus since the Carboni 
ferous, the rate of which agrees roughly with the hypothe- 
ses of Carey? and Heezen? 
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SEAWARD EXTENSION AND ORIGIN OF THE FREETOWN LAYERED 
BASIC COMPLEX OF SIERRA LEONE 


By Pror. D. C, KRAUSE 
Graduate School of Oceanography, University of Rhode Island, Kingston, Rhode Island 


EOLOGICAL and geophysical surveys of the Freetown 
layered basic complex of the Sierra Leone Penmsula 
suggest that the mass 1s shaped like an inverted cone or 
saucer of 30 km radius and that the western halfis beneath 
the Atlantic Ocean! This hypothesis was tested with the 
echo sounder and magnetometer traverses with the 
R V. Trident of the University of Rhode Island on May 
16, 1963 (Figs land 2) The dense complex ıs character- 
ized, by four repeated sequences of troctolitic, gabbroic 
and, anorthositic rocks considered to be igneous mtrusives 
i which there 1s a generalized upward sequence from 
olivine-rich to plagioclase-rich rocks, but m which there 
18 no progressive variation in the composition of the 
minerals The floor ıs concordant to the layering and dips 
toward the contre at 20°-30°, where examined! Baker 
and Bott? found that the eastern margin of the basic 
complex ıs marked by a very mtonse, narrow, negative 
anomaly of up to 2,000 gammas 
Both echo sounder profiles show a submarme channel 
(points C, F) where the magnetic anomalies begin and 
show rough bottom over the zone of the anomalies The 
channel of profile 1 1s the Pleistocene channel marking 
the sub-aerial course of the Sierra Leone River durmg the 
glacial lowermg of sea-level based on soundings of 
USNHO Chart 2344 The other channel of sumlar 
origin trends toward Sherbro River and Yawri Bay The 
regular bottom over the anomalies must mark the out- 
crop of the basic complex or the rock overlying that body 
The channels were incised along the contact between the 
basic body or 1ts overlying rock, and the bordeing softer 
rock 
In order to mterpret the mtense anomaly of profile 2, 
theoretical anomales were calculated for a series of hori- 
zontal plates the thicknesses of which 
equalled the depth to their upper surface 40 
The plates calculated were for depths of 
$, 4, $,1,2,4and8km These calculated 
anomalies were used to compare a verii- 
cally sided body and a stepped, wedge- 
shaped body The prin¢iple of super- 
position was used wherein the calculated 
anomalies of the plates were added to one 
another after the relative position of plates 
was determmed The magnetic field due 
to the body is assumed to be mduced by 
the present Earth’s field which here dips 
24° N towards N 17° W The calculations 
are based on the method of Gulatee® 
The vertically sided body did not fit the 
situation because of the high narrow 
negative anomaly at the contact The 
wedge-shaped body gives an anomaly that 
18 much closer to that of the observed 
feature The mnterpretation mdicates that 
the floor of the magnetic body dips 40° or 
less to the south along profile 1 and that 
the magnetized body does not extend 
below 4 km depth The body may be 
overlain by at least 100 m of relatively 
non-magnetic rock. The apparent mag- 
netic susceptibility required of the rock 
for such an anomaly is 002 if all the 
magnetism is induced ‘This 1s far too large 
for a natural feature Probably one half 
of the anomaly is due to a remnant 
field xumposed when the igneous body 
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cooled The assumption of duection of the magnetism in 
the body appears to be justified 

The anomaly of the second crossing 1s not so great as 
that of the first crossmg though still large A partial 
explanation of this probably is that the second crossing is 
almost at right angles to the Earth’s field which should 
yield, theoretacally, a much reduced and differently shaped 
anomaly The lage size of this anomaly indicates 
structural and perhaps chemical variations within the 
body 

An upper contact of the Freetown complex as indicated 
by the magnetic anomalies (points B, E) falls on circle M1 
the centre of which 1s pomt M This 1s the same centre as 
derived by Wells! for the arcuate gravity anomalies of 
the complex However, circle M2 about this centre only 
poorly outlines the outcrop of the complex If cwele N1 
is drawn about a new centre N, a better agreement 1s 
attamed for the outer eastern margin of the outcroppmg 
body as mdicated by the gravity anomaly The latter 
circle also passes close to the submarine channels (pomts 
C, F) Pomts C and F are also near the actual edge of the 
smaller magnetic anomalies 

On the basis of the foregoing observations, the Freetown 
layered basic complex seems to consist of two parts (1) 
an outcropping rock best defined by circle N1 with 
relatively local magnetic anomahes compatible with the 
type of rock exposed on land, (2) a highly magnetic rock 
defined by the intense magnetic anomalies 

The intense magnetic anomalies of zones A-B and A-E 
of the profiles are caused by rocks which seem to have no 
outcropping counterparts on the Peninsula The corre- 
spondence of loc: of the intense magnetic and the gravity 
anomalies suggest that a very large, saucer-shaped, 
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F. 2 Echo soundings and magnetometer profiles The vertical 

a i eration of the sounding profiles is roughly 883 umes The magnetic 

P es consist both of the loca] magnetic anomalies due to nearby rock 
and of the regional magnetic field due to the Barth’s core 


magnetic body of rock hes unexposed and central below 
point M 

The geometry of the central magnetic body to the 
layered basic complex of the Peninsula must be one of the 
following (1) the magnetic rock overhes the basic layers 
which are truly basal, (2) the magnetic rock is sandwiched 
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between basic layers above and below, (3) the magnetic 
rock underhes the basic layers, (4) the outcroppmg basic 
layers interfinger at depth with the magnetic rock. The 
magnetic interpretation favours cases one or two because 
of the apparent 4-km lmmutation to the base of the body 

The lack of correspondence between points M and N and 
circles M1 and N1 suggests that the body 1s asymmetrical 
with the southern basal contact rather steeper than the 
northern basal contact although the body 1s stall relatively 
saucer-shaped, 

Identification of meteorite crates by shatter cones* and 
by coesite® recently has shown that these are widespread 
features All circular, enigmatic geological features must 
now be examined in light of this new evidence and such 
as the Freetown layered basic complex 

As an alternative to Wells’s strictly igneous intrusion, I 
therefore propose that the Freetown basic complex 18 
meteoric in origin, ın regard to the location and/or the 
parent rock If the complex is assumed to be 30 km in 
radius and cone-shaped with an average dip of 25°, then 
the apex of the cone 1s 14 km below sea-level, almost half 
of the expected crustal thickness The body ıs so large 
that the meteorite must have been exceedingly large 
The asymmetry of the rock body with its more steeply 
dipping southern wall mdicates that the supposed asteroid 
was moving in è north-south line. A sequence of events is 
envisaged much lke that described by Dietz®-* for the 
Vredefort dome and the Sudbury nickel deposit The 
forces involved ın this ımpact would be very large and 
probably disturbed the Earth’s crust clear to the mantle 
Two alternatives exist as to the origin of the basic rock itself 
under this hypothesis 

(1) The crust was fractured and a portion of the mantle 
was melted The basic rock then mtruded the crust and 
was extruded into the crater as a molten pool which 
afterwards differentiated and solidified m the manner 
described by Wells ‘The feature would be funnel-shaped 

(2) The basre rock 1s the asteroid itself which fused on 
impact The asteroid would have been roughly 9 km 
in radius and ‘stony’ in character The mass lay in its 
crater and slowly differentiated, giving a saucer-shaped 
body 

The latter alternative appears to be of low probability 
on the basis of the composition of metsorites® and on the 
probable dynamics of meteorrtic impact of this size& The 
former alternative is therefore preferred Tests can be 
made to confirm this hypothesis 

I thank the scientists and crew aboard the R V Trident 
for their assistance This work was largely supported by 
grants from the US Navy Office of Naval Research 
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KINETICS OF GRAPHITIZATION OF A PETROLEUM COKE 
By Dr. D. B, FISCHBACH 


Jet Propulsion Laboratory, California Institute of Technology, Pasadena, California 


RAPHITE has a hexagonal crystal structure with an 
ordered ABABAB basal plane stackmg sequence 

and a unit cell height, c, of 6 708 A. Pregraphitic synthetic 
carbons have a simular structure, except that the stackmg 


sequence 1s randomly disordered (turbostratic structure) 
with c values of 685-690 A When such turbostratic 
carbons are heated to high temperatures praphitization 
occurs, the layer-stackmg evolving toward the ordered 
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sequence of giaphite with a consequent decrease m c 
Crystallite growth ın both the basal plane and c-axis 
directions also occurs 

The process by which graphitization oceurs 1s complex 
and is not well understood despite its fundamental impor- 
tance to the science and technology of carbon and graphite 
Information on the kinetics of the process should be very 
helpful in determining the detailed mechanism However, 
until recently, there has been a notable lack of mformation 
on. the subject Kinetic studies by Fair and Collms' on a 
conventional composite pitch-coke carbon, and by Mazza, 
Marchand and Pacault? on a coked pitch mdicated that 
the rate of graphitization decreased rapidly with increasing 
heat treatment time and the degree of graphitization 
appeared to approach a limiting value at any given heat 
treatment temperature which mcreased with heat treat- 
ment temperature However, in general, a zero rate of 
change was not attamed in the total treatment times used, 
and Mizushma* found that the electrical and thermal 
conductivity changed approximately lnearly with the 
logarithm of treatment time. A recent mvestigation of 
pyrolytic carbons* has shown that m these materials 
graphitization occurs by a sequence of two simple first- 
order rate stages These results suggested that a further 
investigation of the kinetic behaviour of conventional 
carbons would be worth while 

The material chosen for mvestigation was a petroleum 
coke which had been baked approximately 15 min at 
2,000° C It had a turbostatiec structure with a unib cell 
height, c, ~ 686 A and a erystalhte diameter, La, of 
~150 Å Additional mformation on this coke has been 
published elsewhere®>. The progress of the graphitization 
was followed by X-ray diffraction measurements at room 
temperature as a function of isothermal heat treatment 
tume The c value was determimed from the position of the 
(004) diffraction peak usmg the Debye—Scherrer technique 
with copper Ka-radiation Powder samples were treated 
in. graphite crucibles ın a graphite tube resistance furnace 
at 2,300, 2,500 and 2,700° C in helrum at one atmosphere. 

The results are shown ın Fig 1 (solid Imes) along with 
curves for a pyrolytic carbon treated at 2,500 and 2,700° C 
(broken Imes) There 1s a qualitative sumilarity between 
the results for the two materials However, it 1s evident 
that the intial rate of graphitization of the coke 1s much 
faster than that of the pyrolytic carbon Furthermore, 
the kinetic behaviour of the coke cannot conveniently be 
described by a simple sequence of resolvable first-order 
stages The kinetics of the coke can be represented instead 
by a superposition of many first-order processes with a 
broad distribution of rate constants The distribution 18 
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various heat treatment temperatures (HTT) for a petroleum coke (solid 
lines) and a pyrolytic carbon (broken ines) 
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Fig 2 Composite curve for petroleum coke obtamed by shifting the 

2,500 and 2,700° C curves to Join smoothly with the 2,300° C curve from. 

Fig 1 The arrows indicate the amount the higher temperature curves 
were translated along the abscissa 


so broad that at any one temperature only a portion of 
the total graphitization process 1s observed in the time 
range utilized here This makes ıt difficult to determme 
even an average or effective rate constant at each tempera- 
ture 

An approach which 1s commonly used in the analysis of 
relaxation phenomena 1s useful here An effective activa- 
tion energy can be computed from the amount a kinetie 
curve corresponding to temperature 7’, must be translated 
along the time axis to superrmpose smoothly on a portion 
of the curve corresponding to another temperature T, 
It was found that the curves in Fig 1 could be super- 
umposed m this manner Fig. 2 shows the composite 
curve obtained, referred to a temperature of 2,300° C 
The arrows show the amount that the 2,500 and 2,700° C 
curves were displaced This composite curve may be 
interpreted as representing the behaviour that would have 
been observed at 2,300° C if treatment times could have 
been extended to ~ 10% mm (about 2 years) This sug- 
gests that there 1s im fact no temperature dependent 
limit to the degree of graphitization which can be realized 
at a given heat treatment temperature if the treatment 
tıme is long enough 

The value of the effective activation energy obtamed 
from the foregoing analysıs ıs ~ 250 kcal/mole, m excellent 
agreement with the ~ 260 kcal/mole value observed for 
pyrolytic carbons These values are nearly identical to the 
theoretical value for vacancy diffusion calculated by 
Dienes*, as corrected by Kanter’? (263 kcal/mole), but 
this agreement 1s probably fortuitous On the assumption 
that graphitization 1s governed by a broad distribution of 
activation energies, Mizushima® found apparent energy 
values which increased from ~ 100 kcal/mole at 1,400° C 
to ~ 200 kcal/mole at 2,200° C, and Fair and Collins! 
deduced somewhat higher values as a function of the degree 
of graphitization On the other hand, energy values of 
170 kcal/mole for the heat of sublimation’, 163 keal/mole 
for self-diffusion’ and 90 kcal/mole for crystallite growth? 
have been reported Evidently, further work 1s required 
to establish the nature of the thermally activated processes 
m carbon and graphite 

The results of the work recorded here mdicate that 1t 
may be more appropriate to analyse the praphitization 
process in terms of a distribution of pre-exponential 
(‘frequency’) factors than m terms of a distribution of 
activation energies The identity of the observed actrva- 
tion energies for pyrolytac carbons and for coke indicates 
that the thermally activated process 1s the same for both 
types of carbon and the activation energy 18 constant, at 
least over the range 2,300°-3,000° C The broad distribu- 
tion of rate constants ın the coke and the different rates m 
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different pyrolytic carbons‘ must then result from large 
differences in the pre-exponential factor m the rate equa- 
tion While it 1s premature to explore this possibility 
in any detail, such a situation could arise if different 
numbers of thermally activated steps (for example, 
diffusion jumps) are required to produce the observed 
property change m different microscopie environments m 
the carbons Such differences are presumably associated 
with differences ın the detalled mucrostructure of the 
graphitizing carbons 

in summary, the grapintization kmetıcs of a petroleum 
coke at temperatures m the range 2,300°—2,700° C can be 
represented by a superposition of first-order rate processes 
with a broad distribution of rate constants There does 
not appear to be any temperature-dependent lumit to the 
degree of graphitization attamable at a given heat treat- 
ment temperature An effective activation energy of 
~ 250 keal/mole was found, m excellent agreement with 
the value observed for pyrolytic carbons This indicates 
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that the graphitization process 1s the same m the two 
types of carbon and the activation energy is constant 
The different kinetic behaviour of different carbons 1s 
attributed to a broad range of pre-exponential factors 
which 1s probably related to the detailed microstructure 
of the material 

This work was supported by contract NAS 7-100, 
sponsored by the National Aeronautics and Space Admm1- 
stration. 
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MEASUREMENT OF LIQUID SCINTILLATION COUNTING EFFICIENCIES 


By HORACE E. DOBBS 
i UK Atomic Energy Research Establishment, Wantage, Berkshire 


IQUID seintillation techniques for measuring weak 
B-emittimg isotopes are widely used The dissolution 
or suspension of the substances to be counted in the hquid 
phosphor often result m reduction of counting officiency. 
Such substances, known as quenching agents, can be 
divided mto two broad categories Colourless substances 
that lower the efficiency of the energy-transfer processes 
prior to photon emission by the phosphor are known as 
primary quenching agents Coloured substances that 
absorb the photons produced by the phosphor are known 
as secondary quenching agents Some substances exhubit 
both primary and secondary quenching properties 
As most substances exhibit some degree of quenching 
1b 18 necessary to determine the efficiency of the phosphor 
solution counted if quantitative radioactivity measure- 
ments are required Several methods of achieving this 
have been described 
The most widely used method, known as the mternal 
standard method, 1s to add a known weight, or volume, 
of a non-quenching substance of known counting rate!-* 
This method ıs subject to the personal error of measuring 
the aliquot of standard The sample is no longer in 
its original form after ‘spiking’, and recounting of the 
original specimon is therefore precluded 
A method that overcomes these difficulties, described by 
Baile’ and expanded by Bush‘, utilizes the change ın pulse 
height distribution brought about by the addition of 
quenching agents, and mvolves measuring the count 
rates in two different channels The disadvantage of this 
method ıs that when the amount of activity present 1s 
small, the time required for the counts to reach a level of 
sufficient statistical accuracy may be considerable 
A mothod deseribed by Higashimura et al’? utihzes an 
external y-source This method relies on the production of 
electrons withm the hquid phosphor by Compton mter- 
actions It1s therefore subject to the selection of a suitable 
y-source and 1s open to error due to changes in electron 
density of the counting sample 
A method advocated by Peng mvolves measuring the 
count rate at different quencher concentrations and extra- 
polating to zero concentration®-° This requires a number 
of samples to be counted and 1s valid only if the quenching 
18 & simple function of the sample concentration 
If the concentration and composition of the quenching 
agent are accurately known, the counting efficiency can be 
determined by reference to prepared quenching curves"? 


Several authors*-™ have used the extinction coefficient 
of the solution at 400 my (near the optimum sensitivity 
of the photocathode) to measure the degree of quenching 
from coloured solutions This method has hmited applica- 
tion, and 19 unsuitable when primary quenching agents are 
present 

A method is deseribed here which has the advantages 
of the internal standard method, but elummates the two 
disadvantages of the method—im that the sample 1s im 1ts 
original form after the measurement, and the personal 
error 18 ei:minated as the amount of activity added for 
each determination does not vary In ths method, a 
glass rod carrying a fused coating of a suitable long-lived 
isotope ıs inserted into the liquid semtillator, and the 
resulting rise in counting rate 1s used to measure the 
counting efficiency of the solution 

An ‘efficiency stick’ was constructed from a piece of 
glass rod mounted with ‘Araldite’ mto a phial cap (Fig 1) 
The end of the glass rod was heated to dull red heat and 
immediately rolled ın carbon-14 labelled, barium carbonate 
powder (specific activity 80 uc /mg), located in a channel 
m a carbon block The glass rod was afterwards re- 
heated to a dull red colour for a short period to allow the 
barum carbonate to fuse mto the glass When cool the 
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Fig 1. The ‘efficiency stick’ in a disposable glass phial of the type used 
in the experuments 
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Fig 2 A calibration curve showing the vanation of count rate of the stick 
with the counting efficiency for carbon-14 m. a liquid phosphor x, Pri- 
mary quenching agent (qumoline) in standard toluene phosphor, 
@, secondary quenching agent (scarlet R) in standard toluene phosphor, 
A, secondary quenching agent i liquid scintillator composed of toluene, 
methyl alcohol, 2-phenylethylamine, naphthalene, POPOP and PPO 
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Fig 3 A calibration curve, mdicatimg the varation of the count rate 

of the same stick, for different tritium counting efficrencies in a toluene- 

based phosphor x, Primary quenching agent (quinoline), @, secondary 
quenching agent (scarlet R} 


stick was washed ın toluene and wiped vigorously with a 
paper tissue to remove any loosely bound activity 

Experiments were conducted m a co-incidence system™ 
m which 9 0ml counting samples were placed in disposable 
glass pluals The discrimmators were set such that all 
pulses greater than 5 V were recorded <A swmtable workmng 
voltage for the photomultiphers was selected by plotting 
the countmg rate of the phosphors against high-voltage 
supply both with, and without, the efficiency stick It 
was necessary to leave the stick in the solution for several 
minutes before counting to allow the count rate to reach a 
constant level 

The cahbration curve for the efficiency stick was pre- 
pared as follows 01 ml of carbon-14 labelled toluene of 
known, count rate was added to 9 0 ml of liquid phosphor 
The composition of the phosphor was 5 g PPO (2,5- 
diphenyl oxazole) and 005 g POPOP (1,4-bes(2-[5- 
phenyloxazole]) benzene) per litre of toluene Successive 
quantities of a primary quenching agent (quinoline) were 
added, and the count rate measured before and after 
insertion of the stick for each addition The count rate 
of the solution (which 1s directly proportional to the 
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counting efficiency) was plotted agamst the additional 
count rate produced by mserting the stick The results 
are shown in Fig 2 

The procedure was 1epeated with a secondary quenching 
agent (a solution of scarlet R in toluene) in phosphor of 
the same composition A lquid phosphor of different 
composition, composed of equal parts of toluene, methyl 
alcohol, and 2-phenylethylamıne, contaming 5 g/l of 
PPO, 0 05 g/l POPOP, and 100 g/l naphthalene** was also 
investigated using scarlet R as a quenching agent The 
results are shown m Fig 2 

It can be seen from Fig 2 that the results from all three 
experiments fall on the same curve The additional counts 
produced by inserting the efficiency stick can therefore be 
used to measure the counting efficiency of a hquid semtil- 
lator contaimng an unknown quantity of a primary and/ 
or secondary quenching agent 

The same efficiency stick has been calibrated for measur- 
ing the efficiency of a phosphor (toluene contaimng 5 g/l 
PPO and 005 g/l POPOP) containing tritium activity 
The results (Fig 3) mdicate that both primary and 
secondary quenching agents give points that le on one 
curve 

The stick 1s stored mn hquid semtillator solution and has 
shown no detectable loss of activity over a period of 3 
months It has frequently been used without ul effect 
to measure the efficiency of a phosphor containing & strong 
base! used to absorb carbon dioxide produced by the 
combustion of carbon-14 labelled compounds 

The use of the method described has the advantage 
that results can easily be cross-checked by recounting 
the solution after the mtroduction of another efficiency 
stick contaimng more, or less, activity. 

Caution should obviously be exercised when using the 
stick to measure the efficiency of acid solutions, as there 1s 
a possibilty that some of the activity on the stick would 
be hberated as carbon dioxide ‘The method does depend 
on the day-to-day stabihty of the counting equipment 
This can easily be checked by counting a sealed phial 
contammg a standard solution, or by counting the stick 
m unquenched phosphor of known efficiency before use 
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A NEW CONFORMATION OF METHACRYLIC ACID RADICALS IN 
SOLID-STATE POLYMERIZATION 


By Pror. C. H. BAMFORD, Dr. G. C EASTMOND and Y SAKAI 


Department of Inorganic, Physical and Industrial Chemistry, University of Liverpool 


W? have previously shown! that the solid-state 
polymenzation of methacrylic acid imitiated by 
ultra-violet radiation proceeds through radical mtermedi- 
ates and that durmg the reaction radicals become trapped 


in the matmx Further, ıt was shown that radical forma- 
tion appears to have an unusually large temperature 
coefficient for a photochemical process In order to obtam 
more information on this pomt we have mvestigated the 
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polymerization at temperatures below 0° C in more detail, 
using electron spin resonance spectroscopy to examine 
the radicals The results deseribed here showed an 
unexpected variation of the radical concentration with 
temperature of irradiation and also revealed a new 
electron. spin resonance spectrum of methacrylate-type 
radicals, contaming thirteen limes mstead of the usual 
nine 

Methacrylic acid was purified as described previously? 
and the polycrystallme specumens, formed by freezmg at 
77° K m vitreosil electron spi resonance sample tubes, 
were irradiated for various periods by hght from a high- 
pressure mercury arc at predetermined temperatures in 
the range +10 to —40° C These temperatures were 
mamtamed by passing cold nitrogen around the sample 
tubes? A Varian V 4500 spectrometer was used for 
recording the electron spin resonance spectra with the 
specimens maintaimed at 77° K 
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Fig 1, Relative radical concentration as a function of temperature 
after irradiation for 9 h 


Radical concentraizons As already noted, a high con- 
centration of trapped radicals 1s gradually built uo, the 
concentration tending to become stationary after long 
periods of ilumimation The radical concentrations 
shown m Fig 1 refer to 9 h irradiation, at which time the 
concentrations are still mereasng A notable feature of 
Fig 1 1 the relatively high concentration developed at 
—5°C Ths 1s well outside expermmental error, although 
experiments with polycrystalline specimens are not usually 
highly reproducible we have confirmed the existence of 
this effect many times Initiation 1s probably controlled 
by the freedom of movement of the monomer molecu), 
in the lattice, radical formation may require inte 
between an excited and a normal molecule 
event, 1t must be accompanied by conf ~ 
At —5° C there may be a trans* 
that at this temperature the ~ 
enhanced, together with 3, 
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Table 1 
Temperature KA i 
of Tıme of T Tıme of y 
No irradiation irradiation y anneshng after 
(° 0} (h) (mun) annealing 
1 — 30 9 0 35 
2 — 20 9 0 25 
3 —5 3 0 11 
4 —5 18 0 04 
5 —5 40 0 
6 —10 3 0 28 
7 —10 6 0 20 20 0 13 
8 —10 40 0 05 
Bi ~10 8 9 II 40 0 033 
10 —10 6 011 60 0 026 


comparison with Fig 2 The ratio v/y 1s used as a measme 
of the importance of the splitting It will be seen that the 
splttmg becomes less noticeable as the period of irradia- 
tion at a given temperature is increased (Exps 3-5, 6-8) 
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Fig 2 Electron spin resonance spectrum of radicals formed in 
crystalline methacryhe acid at -30°C Seale—20 gauss 


Annealing experiments were also cared out in which 
specimens irradiated at lower temperatures were mam- 
tained at 0° © The electron spi resonance spectra 
obtained from such specimens show a reversion to the 
conventional 9-lme spectrum (Exps 7, 9, 10) 

We believe that the observations can, be discussed 
most profitably ın terms of radical conformation, and 
indicate that below —5° C radicals are formed photo- 
chemically and have a conformation different from that 
of the familar methacrylate radical (obtamed, for examplo, 
by trapping durmg the polymerization of methyl meth- 
acrylate at room, temperatures and above) Symons*:* has 
recently discussed the evidence that tho 9-lme spectrum 
of this radical arses from a single radical species I, and 
an extension of his arguments 1s capable of accounting 
for our 13-lne spectrum _ 
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Fig 3 Origm of 13-lhme spectrum and relative mtensities of lines 
Scale=10 gauss 


Fig 4 Positions of methylenc hydrogen atoms in methacrylic acid 
radical, looking along C--C bond --—~, Symmetrical conformation, 
6,=—0,=60° , —~—, new conformation, 6,=55°, 6,==65° 


Expermentally we find that A = 71 gauss, so that a, = 
15 15, a, = 805 gauss The manner m which the 13-lme 
spectrum arises with these parameters is shown m Fig 3, 
from which ıt appears that the relative mtensities are 
1, 1, 1, 4, 3, 3, 6, 3, 3, 4, 1, 1, 1 

If we assume that the non-equivalence of the methylene 
hydrogen atoms arses from displacements from the 
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symmetrical conformation 9, = 0, = 60° (Fig 4) we may 
calculate 6,, 6, by the use of Symons’s relation‘ 

a = 46 cos? @ (2) 
It turns out that 0, = 55°, 0, = 65° There 1s, therefore, 
no distortion of the HOCH® angle, but the whole group 
18 rotated about the C—C bond through 5° (Fig 4) ` 

We belove that, during the solid-state polymerization 
below — 5° C, geometrical constraints within the crystal 
force the radicals (or some of them) to adopt this con- 
formation, which 1s maimtained at these temperatures on 
account of the reduced mobility below the ‘transition 
point’ 

On warming to 0° C, however, relaxation occurs and 
the usual conformations appear If irradiation 1s pro- 
longed, extensive disorganization of the crystals 1s caused 
by the polymerization, with resultant weakening of the 
constraints responsible for the new conformation Ove 
most of the narrow range of wradiation temperatures 
— 5° to — 30° C the spectrum corresponds to a mixture 
of the conventional and new conformations, with the 
proportion of the latter mecreasing as the temperature 
falls After irradiation at — 30° C the observed relative 
intensities are not very different from those predicted 
(1, 1, 1, 4, 3, 3, 6, 3, 3, 4, 1, 1, 1) so that under these condi- 
tions substantially ‘all the radicals have the new econ- 
formation So far as we are aware this 1s the most definite 
evidence that a methacrylic {or methacrylate) radical 
spectrum can be related to a single conformation without 
the need for special assumptions 

The conformational hypothesis 1s not the only one 
capable of accounting for the difference between a, and 
a, Even in the symmetrical conformation the methylene 
hydrogen atoms may not be equivalent since their environ- 
ments differ?‘ However, since methacrylic acid and 
methyl methacrylate radicals normally give simular 
electron spin resonance spectra we do not think this 
alternative is very lkely 

The results described do not seem capable of mter- 
pretation m terms of the formation of a chemically 
different radical species at the lower temperatures 

We thank Dr L H Sutelffe for discussion and Dr A 
Bullock for help m recording the electron spm resonance 
spectra 
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equilibrium with the compartment entered A number of 
physical properties of materials vary quantitatively with 
the concentration of an introduced volatile substance, but 
1t 13 thought that the easiest quantity to measure with a 
small probe 1s the rate of permeation of the substance 
itself through a thin plastic membrane 

The permeation of plastic membranes by organic 
vapours has been investigated quantitatively and theoreti- 
cally®?, For polymers which are either in their rubber- 
like state or, for other reasons, do not have high viscosities, 
the process 1s deseribable in terms of solution at one 
surface, diffusion through the material according to Fick’s 
law, and evaporation from the other surface 

For simple gases and substances chemically different 
from the membrane material, the rate of permeation 
ig strictly proportional to the difference in chemical 
potentials across the membrane Organic vapours per- 
meate many times faster than simple gases, the highest 
figures bemg given by substances chemically similar to the 
membrane material and showing the greatest tendency to 
dissolve ıt The rate of permeation of these solvent-lke 
substances increases disproportionately fast with rising 
chemical potential, probably owmg to swelling of the 
polymer by the agent At the low chemical potentials 
used ın anesthesia (in the range 0 02-0 05) the curvature 
1$ not groat and may be accurately described by an equa- 
tion of the form 


PAupert 
d 

where R = rate of transfer (ml at s TP /sec) actoss a 
membrane of area A (cem?) and thickness d (em) exposed 
on one side to an anesthetic at chemical potential 2, the 
concentration on the other side bemg negligible P 1s the 
permeabilty coefficient (ml at srr ecm/em?/sec/mm 
mercury) at y —> 0, ps 18 the saturation partial pressure of 
the anesthetic (mm mercury) and « 18 a constant which 
must be determmed for each combination of anesthetic 
and membrane material 

The permeability coefficient P typically shows a large 
increase with temperature defined by the equation 


P=: Pye-Hplk? 


where P, w the value of P at infinite temperature, T 18 
the absolute temperature, R the gas constant, and Ep 
the activation energy of permeation, which proves close 
to the activation energy of solution of the membrane 
material Changes in P of 5 per cent per deg C are not 
uncommon when Ep 18 high and may need correction even 
within the narrow range of temperatures encountered m. 
normal anesthesia ’ 

The rate of permeation through the test membrane can 
be determmed conveniently by measuring concentration 
in & constant flow of gas passing over 1ts free surface In 
tissue with poor circulation it would be necessary to keep 
the rate of removal of anesthetic to a mmimum In order 
to estimate the permissible withdrawal, assume the probe 
to be m tissue with a long half-equilbration time of 50 
min, let the equilbrium anesthetic concentration be 
1 mg/ml, and assume withdrawal at equilibrium of 10 ng/ 
min This would give a detector concentration of 10-° g/ml 
at 10 mi/mm gas flow If the probe is m equilibrium 
with 01 ml of tissue, then at half saturation of this com- 
partment anesthetic will be entermg at an instantaneous 
rate of 0 7 ug/min The rate of withdrawal will depend 
on the mstantaneous chemical potential and at this 
moment would be 5ng/min The value under observation 
would be lowered less than 1 per cent and this would be 
true at all stages of equihbration For measurements m 
tissue with good circulation and in blood and cerebro- 
spinal fluid the permissible withdrawal would be several 
orders of magnitude higher 

The argon gas chromatograph detector will operate 
at 10-34 g/ml of organic vapour, and measurements at 
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10-19 g/ml are within the quantitative range. It can now 
be constructed with & volume of 03 ml or less Unfor- 
tunately, many of the heavily halogenated compounds 
used ın anesthesia will not produce a positive response n 
the argon detector, though a modification of this to detect 
them has been suggested’! They can, however, be 
measured at about the same level of sensitivity by the 
electron capture detector™, and ıt might be possible to 
design a detector cell which could be used on either prin- 
ciple, the essential practical difference bemg the voltage 
apphed to the electrodes and the sensitivity of the arrange- 
ments for current measurement 

Possible interfermg substances which may also cross the 
membrane include oxygen, nitrogen, carbon dioxide and 
water vapour Lovelock!* has shown that the sensitivity 
of the argon detector 1s reduced only at concentrations 
higher than 3 x 10-* (by volume) of water vapour and 
1 x 10~* of carbon dioxide ~ The saturated vapour 
pressure of water at 37° C ıs 47 mm, the physiological 
partial pressure of carbon dioxide 18 about 38 mm and the 
effective partial pressure of a typical anesthetic 1s only 
4mm Taking permeabilities for the mterferants from 
Table 1, assummg a permeability to anesthetic equal to 
that for water and a hypothetical molecular weight of 100, 
then with a membrane thin or large enough to give the 
hmuiting concentration for water, carbon dioxide will be 
only at 1/10 of its mterference-level and the detector can 
recerve 1 x 10-? g/ml of anzsthetic, which is 10° times 
Ingher than the lowest quantitative range. Usmg a poly- 
thene membrane 0 001 ın. thick and a detector gas flow 
of 10 mi /min, @ probe area of about 3 em? would be 
needed to achieve this concentration With a dotector 
sensitivity of 10° g/ml for full-scale deflexion this 
could be reduced to 9 03 em? and very small probes should 
be possible 


Table 1. PERMEABIITY [COEFFIOIENTS AT 80°C FOR LOW-DENSITY 
POLYTHENE : 
(ml ats TP cm/em?/sec/mm mercury) 
Permeant P x10 Ref 
Oxygen 5 5 8 
Nitrogen 19 8 
Carbon dioxide 35 8 
Water (liquid or vapour) 100 9 
Methyl bromide (u=0 12) 99 7 
n-Hexane (z=0 28) 180 7 


The ideal membrane should have the highest possible 
permeabihty to organic vapours relative to water and 
should therefore be non-polar Low-density polythene was 
used in an experimental probe, but 1t 1s possible that poly- 
vinylidene chloride (Saran) or PTFE meght have even 
more favourable properties 

A simple probe was constructed by fastening polythene 
film 0001 in thick over the end of two concentric glass 
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Fig 1 Arbitrary umts of increase ın detector cell current plotted 
against percentage by volume of anwsthetic m air (calculated at 
STP) @, Ether, O, ethyl chloride 
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tubes, the mner fractionally shorter than the outer The 
free membrane area was 055 cm? Argon was passed 
into the outer tube at 10 ml /min and led from the mner 
through glass tubmg and an empty column, at 50° C to the 
detector of a Pye argon chromatograph, type 12001 
(W G Pye and Co, Ltd , Cambridge), used at 2,000 volts 
and maximum sensitivity Ths method of connexion 
entailed a very large dead volume, but was necessary for 
reasons of safety as the mstrument has a strontium-90 
rather than a tritium source 

The probe was immersed in water at room temperature 
in @ small flask through which bubbled a stream of air at 
Z21/mm ‘The air stream came from an anesthetic vapor- 
izer of the type described by Burn, Epstem and Good- 
ford™ and passed through a large mixing chamber (5 1) 
When. a baseline was established, known concentrations of 
anesthetic were added to the stream The mcrease in cell 
current was determined at equilibrium after cach stepwise 
icrease in concentration Only anesthetics suitable for 
the argon detector could be used Fig 1 shows scale units 
of current rise plotted against the composition of the 
known mixtures It was confirmed that replacement 
of the air stream by oxygen with 5 per cent carbon dioxide 
had no detectable effect on the reading The points for 
66 and 13 per cent by volume of ethyl chloride were 
repeated with citrated human blood in place of water, 
and ıt was confirmed that readings agreed with those m 
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water to an accuracy within the noise-level of the recording 
instrument (average one scale unit) Foaming of the blood 
was checked by use of Midland Silicones ‘Anti-foam A’ 

It ıs concluded that continuous measurement of anesthe- 
tic potential m blood or cerebrospinal fluid by a membrane 
probe 18 a practicable proposition and that ıt should be 
possible to develop the-instrument to a sensitivity high 
enough to make measurements mm tissue with poor eircule- 
tion, 

This work was performed during receipt of a grant from 
the Medical Research Council 
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ADDITIVE EFFECT OF SUB-THRESHOLD CONCENTRATIONS OF SOME 
‘ORGANIC COMPOUNDS ASSOCIATED WITH FOOD AROMAS 
By D. G GUADAGNI, RON G. BUTTERY, S. OKANO and H. K BURR 


Western Regional Research Laboratory, U S Department of Agriculture, 


Albany 10, California 


HE marked advance of gas chromatographic tech- 
niques in recent years has revealed the presence of 
large numbers of organic volatile compounds m fruits and 
vegetables!. Since many of these volatiles are found m 
extremely small quantities, the organoleptic significance 
of mixtures of trace amounts becomes of interest 
Taste and olfactory thresholds of some organic com- 
pounds associated with food flavours have been reported?4, 
and, the possible additivity of sub-threshold concentrations 
of mixtures of organic compounds have recently appeared 
in the hterature+5 The purpose of these experiments was 
to determime which of the following possibilities is charac- 
teristic of the odour properties of mixtures (1) The 
mixtures exhibit an mdependent property, ın. which case 
no odour would be perceived unless at least one compound 
m the mixture was at or above its threshold (2) They 
counteract one another, ın which case a mixture of the 
threshold concentrations of two compounds would no 
longer give an odour sensation (3) They exhibit an 
additive effect, ın which case half the threshold con- 
centration of each of two compounds mixed together 
would give a perceptible odour (4) They exhibit a 
synergistic effect or enhancement m excess of addition 
Purity and thresholds of individual compounds and 
mixtures of compounds were determmed by methods that 
wul be published elsewhere? Very briefly, compounds 
were purified by gas liquid chromatographic separation 
and thresholds were determmed as follows The panel of 
judges consisted of 20-25 persons who consistently 
demonstrated sensitivity and reproducibility in perception 
of odour There were 16 males and 9 females selected 
from @ group of more than 60 laboratory employees 
Odour measurements were made m a room maintaimed at 
22° C and equipped with mdividual booths which were 
constantly flushed with fresh air which had been scrubbed. 


through activated charcoal filters The rate of air 
movement was such that the room was under slight 
positive pressure to prevent entrance of odours through 
booth openmgs and doors Pure compounds were dis- 
solved in triple-distuled odour-free water at 22°C just 
before the panel convened ‘Thresholds were determined 
by evaluating two or more series of 3-6 concentrations 
each Each concentration was paired with samples of 
triple distilled odour-free water, and the entire panel was 
asked to check the samples, that contamed the odorous 
matenal Position of the water sample was randomized 
m each pair, and order of presentation of the different 
concentrations was also randomized. The solutions 
(4 fi oz ) were presented in boiled odour-free 8-oz ‘Teflon’ 
bottles Sufficient time (2-3 min) was allowed for 
equilibrium to be established between solution and 
vapour The judges gently squeezed the bottles to force 
the vapour above the solution directly into the nasal 
cavity The percentage of correct responses was plotted 
against concentration The threshold 1s arbitrarily 
defined as the concentration at which a highly significant 
(P = 001) percentage of the judges detected the aroma 

The threshold of a mixture was usually determmed by 
mixing the compounds inal 1 ratio according to their 
mdividual thresholds The mixtures were judged mm 
concentrations above and below their expected thresholds, 
usually at levels of 50-300 per cent of the expected 
threshold. assuming condition 3 (additive effect) to be 
operative With a mrxture of 3 compounds, for example, 
each compound was present at 16 66 per cent of its thresh- 
old for the low concentration (50 per cent) and at 100 per 
cent of its threshold for the high concentration (300 per 
cent) The theoretical threshold of a mrxture was calcu- 
lated from the mdividual threshold values of the com- 
pounds of the mixture, assuming an additive effect The 


y 
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percentage of the theoretical threshold actually found m 
the mixture was then calculated, and the percentage or 
fraction of this value contributed by each compound was 
also calculated Thresholds of the purified individual 
compounds were verified both before and after threshold 
determinations of the various mixtures 

For the mitial experiment on effect of sub-threshold 
concentrations, 3-methylbutanal and heptanal were com- 
bined in several different proportions, and the thresholds 
of the mixtures determmed Even though the range of 
concentration ratios of the pure compounds variet from 
01 1 to 495 1 the thresholds of the various mixtures 
were always near 100 per cent of the theoretical level 
(Table 1) This expermment demonstrates an additive 
effect for sub-threshold concentrations of these two com- 
pounds over a wide range of combinations 


Table1l ADDITIVER FFECT OF THE ODOURS FROM 2-~HEPTANALAND 3-METHYL- 
BULANAL MIXED IN VARIOUS RATIOS 


Ratio of threshold 
concentrations of n-heptanal 
to 3-methylbutanal 


Ratio of 
a-heptanal to 
3-methylbutanal* 


Threshold of mixture 
as a percentage 
of theoretical threshold 


2 1 010 1 102 
4 1 020 1 101 
9 i 045 1 100 
19 1 095 1 87 
29 1 145 1 103 
39 1 195 1 09 
99 1 495 1 107 


* Thresholds of n-heptanal and 3-methylbutanal were 3 0 and 0 15 parts per 
billion parts of water (p p b ) respectively 


To investigate other mixtures of mterest, various com- 
pounds were combimed mal 1 ratio of their respective 
thresholds, and the thresholds of these mixtures were 
determined Agam, an additive effect was demonstrated 
(Table 2) The only exception is the mixture of dimethyl 
sulphide and 3-methylbutanal which gave a threshold of 
137 per cent of the theoretical value All other values are 
close to the theoretically calculated thresholds 

Members of a single class of compounds, such as the 
saturated aldehydes, might be expected to exmbit an 
additive effect, but members of different classes with 
different structures would not necessarily be expected to 
behave m the same way Only a limited number of 
muxtures contamime different structures or classes were 
tested, and ıt ıs not umplied that the effect observed would 
hold for all combmations that could be made However, 
the mixture of saturated, unsaturated, and branched-cham 
aldehydes and the mixture of these aldehydes with dı- 
methyl sulphide indicate that a wide range of combmations 
do give an additive effect Furthermore, the mixture of 
an. alcohol, an acid, a sulphide, an aldehyde and an amine 
also demonstrated the effect The possibility of chemical 
interaction 1s considered negligible because of the ex- 
tremely low concentrations and short time interval between 
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Table 2 ADDITIVE Errgor OF ODOUR OF COMPOUNDS IN MIXTURE 


Threshold of 

mixture asa Average % 

pertentage of contributed 
theoretical by each 


1.1 Threshold ratios of threshold compound 

Saturated Aldehydes 
A 3-Methylbutanal + heptanal 100 50 
E A + propanal 102 $4 
C E + butanal 94 24 
D C + pentanal 105 21 
E D + octanal 114 19 
F E + methylpropanal +- decanal 97 12 
G F + hexanal + nonanal 94 9 

Unsaturated Aldehydes 
H 2-Butenal + 2-hexenal 114 57 
I H + 2-nonenal 95 32 

Saturated + Unsaturated Aldehydes 
J 2-Butenal + butanal 100 50 
K 2-Butenal + 3-methylbutanal 100 50 
Z Dimethyl sulphide + 2-nonenal 96 48 
M » 3 + 2-butenal 108 54 
N H 95 + butanal 109 55 
O te i -+ 2-methylpropanal 107 54 
P ”» » + 3-methylbutanal 137 68 ‘ 
Q Octanol + butyric acid 90 45 
R Q + dimethyl sulphide 102 34 
S R + 2-nonenal 109 27 
T S + butylamine 100 20 


mixing the chemicals and smellmg Therefore, additivity 
of sub-threshold concentrations appears to be widespread 
and could be of importance in determining the character- 
istic flavour of various food products Consider the 
mixture of 10 saturated aldehydes (Table 2) Each com- 
pound m the mixture ıs present at only about 10 per cent 
of 1ts threshold concentration, but when combined with 
the 9 other compounds, odour was perceived In food 
products, which often contam large numbers of com- 
pounds, ıt 1s not difficult to magme the importance of such 
complicated mixtures, even if each component ıs piesent 
in sub-threshold amount 5 

In a recent report, Nawar and Fagerson’ pomted out the 
potential significance of sub-threshold amounts of some 
methyl ketones They concluded that a synergistic effect 
was obtained by combining the compounds. With the 
compounds and mixtures used m our experiments, the 
effect appears to be additive rather than synergistic, 
subtractive, or independent In any event, the observa- 
tion that mixtures of sub-threshold amounts of odorous 
materials are capable of ynducing olfactory response 1s of 
both practical and theoretical interest 

This work was carried out m co-operation with the 
Instant Potato Granule Manufacturers Association 
i Buttery, R G, and Teramish:, R , Anal Chem , 33, 1439 (1961) 
? Patton, S, and Josephson, D V , Food Res , 22, 316 (1957) 
3 Lea, © H, and Swoboda, P A T, Chem and Indust , 1289 (1958) 
t N A, Montgomery, M W , and Day, E A,J Darry Ser, 45, 660 
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14, 761 (1963) 
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‘CHEMICAL INDUCTION OF MAMMARY CANCER IN GERM-FREE RATS 
By Dr. MORRIS POLLARD 


Lobund Laboratory, University of Notre Dame, Indiana 


EOPLASMS can be induced ın experimental anımals 

by chemical, by physical, and by biological agents! 
Experiments on carcmogenesis have been performed pre- 
dominantly m conventional animals which carry & micro- 
bial flora of great variety and of uncertam mgnificance 
While viruses have been clearly mmplicated in the genesis 
of neoplastic cells?, they are not necessarily exclusive 
agents m that effect The role of micro-organisms im 
chemical carcinogenesis needs clarification, partacularly 
from the pomt of view of the chemical agents unmasking 
(activating) latent oncogenic viruses in the host ‘The un- 
masking of viral leukemia by X-rays m low-leukemia 
mouse strains has been abundantly documented’, and this 


may be relevant to a sumilai effect by chemical agents 
Virus-hke particles have been described ın or around cells 
of spontaneous tumouts mn man and animals, thereby lead- 
ing to an interpretation of causal relationship , but this may 
actually represent a fortuitous encounter with an un- 
related viral agent Viruses mitate tumour formation 
and then may disappear as distinct entities, while thew 
product flourishes This suggests that perpetuation of 
the oncogenic effect ıs not necessarily dependent on overt 
viral activity, once the cell transformation has occurred 
If germ-free animals are free of virus, then they should 
serve to clarify the role of microbial flora m chemical 
earcinogenesis Several straims of rats and mice have been 
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Table 1 RESPONSL OF CONVENTIONAL AND GERM-FREE RATS TO ORAL ADMINISTRATION OF 20 MG DMBA 


Conventional Germ-free 
Rat stram Number fed DMBA. toxicity Tumours Number fed DMBA toxicity Tumours 
Sprague-Dawley 29 11/29" 16/18 (104) 11 2/11 9/9 (82)* 
Wistar 12 0/12 0/12 8 3/8 1/5 113} 
Fischer\ 9 0/9 0/9 15 15/15 


* Deaths associated with DMBA toxicity/number fed 


t Number of animals developing tumours/number fed (average latency period in days) 


reared, maintained, and propagated through numerous 
generations in the germ-free environment, by a method 
developed in this Laboratory®. At term, Wistar rats were 
transferred an utero through a germicidal trap mto the 
germ-free isolator. The baby rats were then removed 
from the uterus and fed individually a sterile diet by 
stomach tube until weanmg time The germ-free rat 
strain, which was started ın this way, has now been pro- 
pagated by natural means through 21 successive genera- 
tions in the germ-free state Sprague~Dawley and Fischer 
rats were similarly transferred ın utero into the germ-free 
isolator. They were foster-nursed on germ-free Wistar 
rats, and thereafter propagated up to the srxth generation 
by natural means Some spontaneous breast tumours 
and occasional thymomas have appeared m Wistar rats’, 
whereas none has been observed in germ-free Fischer and 
Sprague-Dawley rats, which are bemg propagated here 
The ıncıdence of tumours in Wistar rats could not be 
determined since animals were bemg removed frequently 
from the colony for unrelated experrments Examuna- 
tions of such germ-free animals m this laboratory for 
parasites, fungi, bacteria, plouropneumonia-like organisms 
and for viruses have thus far been negative’ 

Jn preliminary experiments several strains of germ-free 
Swiss-Webster mice and Fischer rats were moculated 
subcutaneously with sterile 3-methylcholanthrene (3-MC) 
in Olive oil; and all ammmals so moculated developed 
transplantable fibrosarcomas m the moculated area 
Germ-free and conventional Swiss-Webster mice, mocu- 
lated subcutaneously at birth with 3-MC, developed 
pulmonary adenomas within 8 weeks’, All the 3-MC- 
induced germ-free and conventional tumours, although 
indistmguishable histologically, appeared m the germ-free 
animals ın more uniform fashion Examinations of 
spontaneous and of 3-MC-mduced tumours from germ-free 
animals, by standard virological procedures and by 
electron microscopy, have failed to reveal evidence of viral 
agents 

Huggins et al have described the rapid imduction of 
breast tumours ın conventional rats, following a single oral 
administration of 20 mg 7,12-dimethylbenz(a)anthracene 
(DMBA) m sesame o° The rat most responsive to this 
treatment 1s the Sprague-Dawley female, fed DMBA 
between 50 and 60 days of age Exammations of such 
animals and their tumours for viral agents have not been 
reported Susceptibility to breast cancer by this pro- 
cedure was not altered by foster-nursing new-born Sprague- 
Dawley rats on mothers of other genetic strams, or vce 
versa, indicating that susceptibihty may be related to a 
genetic trati? Strain differences may thus be due to an 
mherited variation ın ther endoerme constitution with 
varying sensitivity of the mammary gland to the carcimo- 
genic effect of the hydrocarbon 

DMBA was dissolved by heat m sesame oil (20 mg/ml ), 
sealed ın glass ampoules, and sterilized in the autoclave 
(15 lb /20 min) Female Wistar, Fischer and Sprague- 
Dawley rats, germ-free and conventional counterparts, 
were each fed 20 mg DMBA by stomach tube, on a single 
occasion, at 50-60 days of age The germ-free animals 
were thereafter mamtamed im the germ-free state When 
a palpable tumour was detected, the affected animal was 
removed from the isolator, or from the animal house, to 
the laboratory for autopsy The animal was killed by 
cervical section, tumour and other tissues (lung, liver, 
spleen, lymph nodes, lachrimal gland) were collected 


aseptically for determination of viral content, for examuina- 
tion in paraffin- and m epon-embedded, sections——the latter 
for examination by electron microscopy Thirty-eight 
Sprague—Dawley rats were fed the DMBA preparation, and 
13 (34 per cent) of them died within 30 days (Table 1) 
The cause of DMBA-associated deaths, m germ-free and m 
conventional rats, was not determmed. The remammg 
rats (9 germ-free and 18 conventional) were observed for 
180 days. Three of 8 germ-free Wistar rats died within 20 
days following DMBA feeding, and they showed no evidence 
of tumours at autopsy. All of 15 germ-free Fischer rats, 
fed 20 mg DMBA, died in 15 days without showmg evı- 
dence of tumour formation All germ-free rats showed 
the enlarged cæcum which 1s usually observed m such 
animals 

The 9 germ-free Sprague~Dawley rats which survived 
the treatment with DMBA developed breast tumours (one 
to eight per animal) on average at 82 days. Of 18 con- 
ventional Sprague-Dawley counterparts, 16 developed 
mammary tumours on average at 103 days ; the number 
and distribution of tumorous glands were essentially the 
same as among the germ-free anmals A mammary 
tumour was detected ın one of 5 germ-free Wistar rats at 
111 days followmg administration of DMBA Tumours 
appeared only m the mammary glands, and all were solid, 
circumscribed adenocarcinomas Metastatic neoplastic 
foc: were not observed 

The fate of cancerous anmals was not determmed since 
each animal was killed and autopsied soon after a tumour 
was detected The difference in latent periods, 82 days for 
germ-free and 103 for conventional, may be significant 
since palpation of tumours m the former through heavy 
rubber gloves was not so sensitive as with the latter for 
which the bare hand was used Possibly, therefore, the 
latent period in germ-free rats may be shorter 

Tissue cultures were prepared as cell monolayers in 
bottles and on coverslips in Leighton tubes from trypsm- 
dispersed germ-free rat foetuses The nutrient fluid con- 
tamed Mixture 199 with 0 5 per cent lactalbumm hydro- 
lysate and 5 per cent heat-mactivated calf serum The 
tissue cultures were inoculated with (a) cell-free extracts 
of tumours or of organ tissues m Mixture 199 ; (6) explants 
prepared from mmeed tumour tissue , (c) cell suspensions 
prepared by trypsmuization of the minced tumour tissue 
Nutrient fluids were changed every 4 days over a period of 
60 days ‘Tissue cultures were examimed microscopically 
at frequent intervals for evidence of cytopathogenic effect 
If cytopathogenic effect was observed, the whole culture 
was frozen and thawed twice, and passaged to fresh tissue 
cultures The cells on coverslips were stamed by May- 
Grunwald-Giemsa technique and exammed mucroscopic- 
ally at ıntervals after onset of cultivation. Extracts of 
the tissue cultures were examimed for hemagglutinms 
with mouse, sheep, guinea pig, and human type O erythro- 
cytes at room temperature and at 4°C No viral agent 
has as yet been detected ın the tumours or ın the tissues of 
the germ-free rats Tumour cells, exammed by electron 
mucroscopy, have not revealed evidence of virus-hke 
particles in or around the cells 

Mammary carcmomas were induced by orally admmuis- 
tered DMBA ın germ-free Sprague-Dawley rats, m which 
neither spontaneous tumours nor viral agents have as yet 
been detected by us Spontaneous tumours might appear 
among older germ-free rats of the Sprague-Dawley stram , 
however, a sufficient number has not yet been accumulated 
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on which to base such information. The findings reported 
here add affirmation to the concept that there are un- 
doubtedly mutiple imitiators of the same cellular altera- 
tions which lead to a neoplastic transformation , and that 
they may be evoked by chemucal, physical, or biological 
agents 

This investigation was supported by grants from the 
Office of Naval Research, U S Pubhe Health Service, and 
the Cancer Society of Berrien County, Michigan 
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BIOSYNTHESIS OF MESSENGER AND RIBOSOMAL RIBONUCLEIC ACIDS 
IN THE NUCLEOLOCHROMOSOMAL APPARATUS 
i OF ANIMAL CELLS 


By G. P GEORGIEV, O. P. SAMARINA, M i. LERMAN, M N. SMIRNOV 
and A, N. SEVERTZOV 
Institute of Animal Morphology, Institute of Radiation and Physico-Chemical Biology, 


Academy of Sciences and Institution of Biological and Medical‘Chemistry, 
Academy of Medical Sciences, Moscow, U.S SR. 


URING recent years we have been mvestigating the 
problem of biosynthesis of RNA in the nucleus of 
mammalan cells The mam method used was phenol 
fractionation of cellular RNA which permits the separation 
of the rapidly labelled RNA of the cell and isolation of 
its fractions This article presents some new results 
concerning the properties of nuclear RNA’s and their 
transport from the nucleus mito the cytoplasm. The 
termmology adopted here for designation of different 
types of high-molecular weight RNA ıs as follows. 
R-RNA-RNA. with base composition similar to ribosomal 
RNA; D-RNA-RNA with DNA-lke base composition 
(it corresponds to messenger RNA) 

Present state of phenol method of cellular RNA fractiona- 
toon The first approach to phenol fractionation. of cellu- 
lar RNA was made mdependently by Sibatam et al} 
and by Georgiev and Mantieva? It was shown that a 
small part of RNA was not deprotemized by phenol at 
neutral pH and that this RNA possessed high specific 
activity This RNA was shown to be bound m the cell 
nucle: which survived the treatment with phenol pH 6- 
0 14 M sodium chloride ın the cold The nuclei are shown 
on the boundary of saline and phenol as an intermediate 
layer (‘interphase’) The procedure for purification of 
these ‘phenolic nuclei’ was described? 

The RNA of phenolic nuclei was roughly identzfied as 
RNA of nucleoli and chromosomes or RNA of ‘nucleolo- 
chromosomal apparatus’ (NC-apparatus) The cyto- 
plasmic RNA and RNA of nuclear sap were extracted 
under standard conditions After mcubation of cells with 
labelled precursors for 0 5-1 h nearly 90 per cent af total 
radioactivity imecorporated into Ingh-molecular weight 
RNA. of the cell was recovered in NC-RNA Therefore, 
NC-RNA appears to be a ‘rapidly labelled’ RNA of the 
anımal cellt-* 

Further progress was achieved when the procedure for 
isolation of RNA from phenolic nucle: was carried out? 
If phenohe nuclei are treated by phenol pH 6-0 14 M 
sodium chloride at 65° O, all ther RNA ıs hberated It 
was demonstrated that NC-RNA contained both ribosomal 
RNA. identified by typical profile ın analytical ultra- 
centrifuge and RNA with different base composition We 
succeeded in separating these RNA’s and m obtaining for 
the first time from animal tissues RNA fractions simular 
in base composition to DNA. (D-RNA, messenger RNA) 


and also RNA fraction simular to ribosomal RNA (R- 
RNA)? Sibatani et al + have proposed another procedure 
for isolation of D-RNA, but only a part of total NC-D-— 
RNA (nucleolar D-~RNA) was recovered by their method 
In the course of further examination of the fractionation 
of RNA of phenolic nucle: we observed that at tempera- 
tures below 50° C ıt 1s R-RNA which 1s predommantly 
released, D-RNA bemg bound with phenohe nuclei 
On this observation the method for preparation of 
R-RNA and D-RNA of NC-apparatus was based’ 
After some modifications the followmg procedure was 
finally adopted - 

(1) Isolation of phenolic nuclec. Cell suspension or tissue 
homogenate in 0 14 M sodium chloride was treated with 
an equal volume of phenol, pH 6, at 4°-10° C After 15 
min shaking and after centrifugation, high-molecular 
weight RNA of cytoplasm and nuclear sap and total low- 
molecular weight RNA were revealed in the aqueous 
layer Interphase was collected and repeatedly treated 
{twice or three times) with phenol pH 6-0 14 M sodium 
chloride (1 1) ithe cold The mterphase washed con- 
tamed non-purified phenolic nucle; that may be used as 
such or purified further by a procedure earher described? 
In the case of Ehrhch ascites carcinoma, cells, the cyto- 
plasmic contaminations in the mterphase were negligible 

(2) Thermal fractionation Phenohe nucle: (purified 
nucle: or washed mterphase) were treated by shaking in 
phenol pH 6-014 M sodium chloride at 40°-45° C for 
20 mm, and the main part of R-RNA of NC-apparatus 
was released The same procedure was repeated at 55° C, 
the RNA lhberated bemg a mixture of R-RNA and 
D-RNA Interphase was washed oncé m the same 
system in the cold and agam treated with phenol, pH 6- 
0 14 M sodium chlonde at 60°-65° © Under these condi- 
tions D-RNA passed into the aqueous layer 

The fractions were referred according to temperature 
intervals in which they were obtamed Thus, 10° C 
fraction possessed cytoplasmic RNA, 10°-40° C or 10° 
45° C fractions—R-RNA (with coefficient K = G+ 
OJA = U = 1 5-1 6) and 55°--60° C or 55°-65° C fractions 
—D-RNA (K = 0 75-0 85) 

(3) Purification of RNA fractions For the mhbition 
of RNase traces, 1f present, sodium dodecyl sulphate is 
added to all fractions, and solutions are repeatedly de- 
protemized with phenol and chloroform RNA was 
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Table 1, BASE COMPOSITION OF NC~RNA FRACTIONS 


Type of 


-— ae _~ 





Base composition of RNA fraction m 
the whole in fraction 





Base composition of newlv formed RNA 











= Mol per cent of K= Mol per cent of K x 
Tissue sey RNA fraction paie G40 beac asc 
G C U A AtU | Gf C U A A+? 
Ehrlich ascites 
carcinoma Phenol NC-R-RNA (10%-40° C) 32 6 299 19 1 67 30 8 30 1 1 
NC-D-RNA (55°-60° C) 24 9 201 27 1 27 8 0 82 20 7 19 7 29 2 30 3 0 68 
Salt Nucleolar RNA 32 4 29 3 16 1 62 $2 5 31 16 8 173 
Rat liver 
Phenol NC-R-RNA (10°-40° (9 31 2 29 5 18 2 2 1 53 34 § 27 6 1 
| NC-D--RNA (55°-65° C) 22 4 24 Q 24 7 28 8 6 86 22 4 22 8 23 2 31 6 6 83 
Nucleola1 RNA 33 0 29 9 20 7 1 31 7 29 7 8 3 iğ 


| Salt 





Mice with Ehrlich ascites carcinoma and rats were myected intraperitoneally with **P (200 and 50 agjanimal respectively) 30-60 mun later the animals 
were killed and RNA fractions were isolated from carcinoma cells of mice and from rat liver by the parol method or by salt fractionation of isolated nuclei 


(ref 8) RNA fractions were washed with 5 per cent TCA on ‘Milipore’ filters (Rufs), the materzalof fi 


ter was removed by acetone, and RNA was hydrolysed 


by 0 5 N potassium hydroxide (37° C 18 h) and 2’,3’-nucleotides were separated by paper chromatogiaphy into four spots (ref 9) Spots were excised, counted, 


eluted and measured spectrophotometrically 


precipitated once by ethanol and once by 25 M sodium 
chloride at 0°-4° C and treated with DNase (Worthing- 
ton) The DNase was removed by shaking with phenol 
and RNA was reprecipitated 2—3 times by ethanol in the 
presence of 0005 M versene It was stored under the 
70° ethanol at —20°C The yield from 100 ml of ascıtes 
was about 2 mg of R-RNA and 1 mg of D-RNA 

The specific activities of both RNAs were much higher 
than that of 10° C-fraction (RNA of cytoplasm + nuclear 
sap) Thus, this fractionation yielded two types of rapidly 
labelled RNA of the cell 

It is important that the base composition of these pre- 
parations, estumated on the basis of ultra-violet absorption 
of nucleotides (composition of the whole fraction) and 
estimated on the basis of radioactivity of 2’,3’-nucleotides 
after short labelling with phosphorus-32 (composition of 
the newly formed RNA), comeide (Table 1) 

Therefore (1) Rapidly labelled nascent RNA of the 
animal cell is a mixture of D~-RNA and R-RNA that may 
be separated expermentally, (2) our method ıs suitable 
for the separation of both total NC~RNA and newly 
formed NC—RNA into D- and R-fractions 

Some properties of R-RNA and D-~RNA of nucleolo- 
chromosomal apparatus During recent years many papers 
have been published concerning total rapidly labelled 
RNA! It was shown to differ from mbosomal RNA with 
respect to molecular weight Some authors clarmed it 
as ‘messenger RNA’ However, as shown here, this 
RNA consists of two types of molecules Therefore, 
experiments were carried out in which separated D-RNA 
and R~RNA were ultracentrifuged ın sucrose-density 
gradient® The results are presented m Fig 1 

In accordance with our previous results’; R-RNA 
contains two components with sedimentation constants 
equal to 18 and 28 S, respectively ‘Thus, the bulk of 
R-RNA of phenolic nucle: is a typical mbosomal RNA 
However, some material of this fraction sediments at 
higher velocity Distmbution of radioactivity depends 
on the time of incubation In short mmpulses, all radio- 
activity is found m heavy 45-35 S components In longer 
impulses ıt 1s also revealed in ribosomal RNA The total 
newly formed RNA of R-RNA fraction and newly formed 
RNA isolated from 18-28 S and 35-45 S components have 
nucleotide composition of strong GC-type 

From these results the conclusions can be drawn that 
(1) our fractionation method makes possible the isolation 
of non-degraded R-RNA of NC-apparatus the heavy 
components (45-35 S) are not affected by this method, 
(2) the heavy 45-35 S’-component is R-~RNA which 
seems to be a precursor of ribosomal R-RNA?, (3) the 
transformation of non-ribosomal R-RNA, (45-35 S) to 
ribosomal R-RNA (18 and 28 S) occurs in the NC- 
apparatus 

In order to determine the site of the R-RNA synthesis 
in NC-apparatus we analysed the base composition of RNA 
fractions obtained by the salt fractionation of cell nuclei, 
isolated m aqueous media® 


It was shown earher that residue after extraction of 
nucle: with dilute and concentrated salt solution contained. 
only nucleoli and ‘residual chromosomes’ These4struc- 
tures are built of nucleonemata—the filaments 100 A in 
diameter with mbosome-lke granules attached to fila- 
ments! The RNA of this material 1s the most active 
fraction among other nuclear RNA’s* Table 1 presents 
the base composition of this ‘nucleolar’ RNA The 
base composition of the fraction as the whole and that 
of newly formed RNA are of strong GC-type At sucrose 
gradient ultracentnfugation two radioactive components 
of ribosomal RNA type are revealed Thus the total 
and newly formed RNA of nucleonemata of nucleol and 
residual chromosomes is a typical ribosomal RNA 
Nucleonemata and ther granules appear to be newly 
formed ribosomes or ribosomal precursors 

In Fig 1 the results of ultracentrifugation ın sucrose 
gradient of D-RNA are also presented D-RNA 1s a 
heterogeneous population of molecules with the distribu- 
tion maximum in the zone of hght ribosomal RNA com- 
ponent (about 18 S) Radioactivity follows ultra-violet 
absorption although there is no full correlation between 
these curves There are also no significant differences in 
distribution of radioactivity among preparations of differ- 
ent labelling tıme Probably chams of different length 
with molecular weights of the order of 0 3-15 x 10° are 
synthesized without subsequent division nto chromosomes 

Fate of D-RNA and R~RNA synthesized an nucleolo- 
chromosomal apparatus. Many papers have recently 
appeared demonstrating that RNA’s formed m NC- 
apparatus were further transferred mto the cytoplasm 
(for reviews, see ref 12) We shall not discuss this 
problem in detail, but would hke to mention one of the 


Table 2 RESULTS OF ACTINOMYCIN EXPERIMENTS 


The change of 


Total actrvity of 
total c ivity 


fraction (c pm ) 








U- 
Tissue RNA fractions U-"C orp -+ 
or 30 min 
P +actino- epm . Per 
+ mycin cent 
30 min + 
90 min 
Ehriich D-RNA »250 5,250 — 2,000 ~ 28 
ascites  !(50°-85° C fraction) 
carcinoma R-RNA 18,700 | 16,200 — 2,500 ~ 13 
(10°-50° C fraction) 
Cytoplasmic RNA 2,240 1,880 — 560 ~ 25 
{10° O fraction) 
Rat D-RNA 12,600 6,900 — 5,700 ~45 
liver {50°-68° C fraction) i 
R-RNA 6,600 2,175 © —4,425 — T5 
(10°-50° C fraction) i 
o Cytoplasmic RNA 7,650 | 18,750 ; +11,100 +145 


(10° C fraction) 


Ebrlich carcinoma cells were labelled with uridine-?‘C 30 min i vuro, 
rat liiver cells with YP 30 min n vwo The actinomycm D (10 ug/ml of 
ascites) or ‘Aurantin’ (1 5 mg per rat intraperitoneally) were administered 
The activity of fractions was studied 30 min and 120 min after adding of 
precursor Phenol fractionation was slightly modified for quantitative 
recovery of RNA fractions, 
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Fig 1 Sedimentation properties of the NC-RNA fractions Ehrlich ascites carcmmoma cells were meubated with phosphorus-32 in vno 
(50-100 ue Jammall). 1-2 mg of each NC~RNA was ultracentrifuged ın SW-25 rotor of Spinco-Z m 5-20 per cent sucrose gradient at 25,000 
rpm forl0h ——, Ultra-viclet absorption, ~-~, radioactivity 


expermental approaches We tred to use actinomyem 
blockage of total RNA synthesis'® for demonstration of 
nucleo-cytoplasmic RNA transport After umpulse label- 
hing of cells the actnomyem (actmomyem D or ‘Aurantin’) 
was administered and redistribution of radioactivity among 
RNA. fractions was investigated 

In two systems tested (Ehrhch ascites carcinoma and 
culture of human ammon) actmomyem inhibited not 
only synthesis of RNA but also hberation of RNA from 
NC-apparatus of the cell Neither transport nor con- 
siderable breakdown (as in Harris’s expermments!*) of 
rapidly labelled RNA was observed About 80 per cent 
of the latter was detained in NC-apparatus (Table 2) 
However, in the case of rat liver the hberation of RNA 1s 
less affected, and actinomycm blockage leads to a rapid 
and significant decrease m the activity of NC-RNA, 
especially of R-RNA, and to a corresponding increase 
in the activity of cytoplasmic RNA The total activity 


loss by NC-appaiatus i1oughly equals the activity mse 
revealed in the cytoplasm Although some part of NC- 
RNA was also arrested in the case of rat liver, these 
results indicate the transport of RNA, from the NC- 
apparatus to the cytoplasm 

But these expermments do not give any msight into the 
nature of RNA moving to the cytoplasm. As was shown 
by Hiatt and Momer’, all labelled cytoplasmic RNA was 
connected with ribosomal components and 4,8-component 
Base composition of newly formed cytoplasmic RNA was 
of strong GC-type, D-RNA seems to be absent ın the 
cytoplasm To demonstrate the presence of D-RNA in 
the cytoplasm of anmal cells and thus to prove the 
possibility of 1ts nucleo-cytoplasmic movement the follow- 
ing experiments were carried out The biosynthesis of 
R-RNA was shown to be rather sensitive to actino- 
mycin, as compared with- D-RNA formation It 
seems possible to mbhuibit selectively the biosynthesis 


Table 3 BASE COMPOSITION OF RNA’S FORMED DURING INCUBATION, FOR 6 H WITH P IN THE PRESENCE OF ‘AURANTIN’ 


A bE | (Natt nr ete ite Sine epee a-ha 7 PAR HERA aA |r 7h A n/N 


HY | E-Ten | Shhh =f. Ai Shy ann | Spm 8 rn A e i rsh rsh =r rn a rarest fs rr sh rsh tn yh tt a rE 


Dose of Sp 
No RNA ‘Aurantin’ activity 
exp studied (ug per cpm /me 
animal) RNA. G 
ry e rt meme ie 
1 Total RNA — 28,300 31 0 
10 14,400 29 6 
40 8,000 25 3 
160 4,350 22 6 
T 600 1,470 —- 
2,500 650 — 
2 Cytoplasmic — 32,600 33 9 
11,800 28 3 
(10° C fraction) 180 8,100 21 6 
NC-RNA — —— 28 0 
10-65° C 40 $ -— 20 6 
, fraction) 160 — 20 4 


Base composition of newly formed 
synthesized per 
Mol per cent K= cent of total 
C U A G+C/A+U | RNA synthesized 
29 1 19 6 20 4 1 50 16 
27 1 218 215 1 31 32 
22 0 23 8 28 9 0 90 75 
28 5 24 5 30 0 0 82 86 
28 6 18 0 19 3 1 67 4 
27 1 20 2 24 5 1 23 39 
26 5 25 2 267 0 93 72 
25 8 22 6 23 7 1 16 46 
25 3 27 6 26 8 0 83 85 
22 6 27 1 / 29 6 0 76 95 





The rats were mmjected intraperitoneally with ‘Aurantin’ and 40 min later with #P (0 5-1 0 me /animal) 6 h later animals were killed and hver RNA 


fractions were isolated total RNA-—by the treatment wifh phenol pH 6—0 5 per cent sodium dodecy] sulphate at 60° C, cytoplasmic RNA and N 
as described here Al fractions were reprecipitated by 15 M sodium chloride 


C-RNA— 
The method of determination of newly formed RNA Js the same as in 


Table 1 Content of D-RNA synthesized was calculated assuming Kp-r»a = 073 and Kn-nwa = 1 73 
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of R-RNA without affecting that of D-RNA if using 
smali doses of this antibiotic The results are pre- 
sented m Table 3 In normal rat hver cell nucleotide 
composition of RNA formed during meubation for 6 h 
with phosphorus-32 1s typical for ribosomal RNA. and 
no signs of the presence of D-RNA are revealed But im 
the case of partial mhibition of RNA synthesis K = 
G+ C/A + U is lowered and reaches 08 It means 
that about 90 per cent of RNA synthesized m these 
conditions represents D-RNA If the RNA, from these 
cells ıs divided mto NC~RNA and cytoplasmic RNA ıt 
can clearly be observed that D-RNA ıs present not 
only m nucle: but also in the cytoplasm (Table 3) 
Preliminary results of the fractionation of the cytoplasmic 
RNA on methylated serum albumin support this view - 
In the cytoplasm of a normal cell non-ribosomal 
RNA cannot be detected after labeling for 6 h, but 
m a paitially mhibited cell a distinct non-ribosomal 
RNA-component with some lower molecular weight can 
be observed 

When this work was completed the report of Penman 
et al *® appeared demonstrating the presence of D-RNA 
in polysomes These results mdicate that D-~RNA 
formed in the cell nucleus transits into the cytoplasm, 
-where 1b can be detected Further work on this transport 
and transformations of D-RNA in the nucleus and the 
cytoplasm 1s m progress. 
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FUNCTION ‘OF THE THYMUS AND GROWTH OF TUMOUR HOMOGRAFT 


By Dr G, C, PERRI, M FAULK, E SHAPIRO, J. MELLORS 
and Dr W. L. MONEY 
Divisions of Experimental Chemotherapy and of Clinical Investigation, 


Sloan-Kettering Institute for Cancer Research and Sloan-Kettering 
Division of Cornell University Medical College, New York 21 


HE development of a normal immune system has 
been shown to be dependent on the presence of the 

thymus gland! Thymectomy performed at birth m 
experimental animals ıs followed by a severe depletion 
of the lymphocyte population m both the spleen and 
lymph nodes, and anunals so treated show serious immuno- 
logical defects; homograft acceptance by such animals 19 
significantly mecreased'~> Thus, avaiable data support 
the concept that the absence of the thymus gland during 
the post-natal period produces a depression of the immuno- 
logical reaction sufficient to suppress the skin homograft 
rejection mechanism Recent reports suggest that m the 
thymus two factors are present, one accelerates the growth 
of neoplastic tissue and another slows neoplastic 
growthi®!! Tt ıs also possible that the thymus regulation 
of the maturation of immunologically competent cells??-“4 
may be of humoral nature 

The thymus and its function could be of particular 
importance m the field of oncology since 1t might partier- 
pate, along with other glands, ın the regulation of tissue 
homeostasis and be of paramount importance in repressing 
the activity of cells which potentially may develop mto 
neoplasms 

If the thymus is mvolved in the 1mmune reaction, ıb 
might be expected that the growth pattern of the tumour 
would be changed in thymectomuzed animals It seemed, 
therefore, of interest to examine the effect of thymectomy 
on the growth of a transplantable tumour For this 
investigation on rats we have used Jensen sarcoma, which, 
on the basis of its origin and host relationship, can be 
considered a homograft 

More than 300 male and female rats of the Sprague- 
Dawley strain (Charles River) were used in this work, and 
each experiment repeated several times with consistent 


results (Table 1) The general pattern of the experments 
was as follows Pregnant rats were maintained under 
normal laboratory conditions until the young were 
delivered Litters were pooled and animals thymectomized 
on a random basis regardless of sex within 48 h after birth 
under lght ether anesthesia through an incision in the 
neck and the upper sternal cartilage which was closed 
with skin chps and covered with collodion to ensure 
maternal care Jensen sarcoma was umplanted by trocar 


Table 1 COMPARISON BETWEEN JENSEN SARCOMA GROWTH IN THYMECTO- 
NIZED AND CONTROL RATS (LITTER-MATES) WEIGHTS (G) 


Control Thymectomized 
Body Spleen Tumour Body Spleen Tumour 
103 *= 0 425 0 02 92 0°465 21 20 
96 740 21 00 81 0 436 19 00 
99 0 485 0 37 112 O 788 18 40 
100 0 877 28 00 79 0 755 8 00 
86 0 983 50 pIi 0 616 16 00 
104 Q 565 018 90 0 517 14 00 
87 0 613 12 50 79 0 411 15 00 
86 0 366 015 96 0 429 18 40 
&3 0 808 013 94 0 793 410 
78 0 $56 014 69 0 598 8 20 
70 6 332 no tumour 80 0 483 no tumour 
72 0 238 isa: ai 77 0 307 eS 
63 0 282 0 30 66 0 294 16 55 
68 0 281 1 40 61 0 962 418 
60 0 426 10 00 60 0 440 no tumour 
68 0 286 no tumour 50 0 460 9 60 
64 0 282 ere 8 0 321 10 
61 0 251 oso 57 0 306 1 20 
66 1 085 15 75 50 0 478 9 10 
55 0 536 23 00 54 o 566 7 90 
54 0 722 20 29 50 0 439 16 00 
56 0 237 no tumour 48 0 625 13 73 
47 0 287 0 28 49 0 549 21 62 
49 0 R51 21 00 44 0 466 16 15 
42 0 629 23 20 42 0 497 17 66 
%=72 68 r=0 406 z= 721 s= 6916 z=0 518 z=11 60 
76% takes 88% takes 
64% <5 g 24% <5 8 


36% >5e8 78% >5¢ 
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Fig. 1. Correlation between tumour volumes (cm?) calculated and 
tumour weight at autopsy, r=0 98 


or a8 a minced suspension mto animals of different ages 
When implants were made beyond 20 days of age the 
animals were weaned and transferred to separate cages, 
otherwise the young were left with the mother until 
completion of the experument Body weight and tumour 
diameters were recorded daly Loss of weight was 
observed in animals at weaning or on transfer to single 
cages; otherwise the growth curve was quite regular 
About 12-14 days after umplant of the tumour the anmmals 
were killed and those showing signs of mcomplete thymec- 
tomy or infection were discarded. 

Several ways of calculating tumour volumes from the 
daily measurements were tried. Although theoretically 
the tumour volume should be better expressed as that of an 
ellipsoid of revolution, neither the formula for oblate nor 
for prolate spheroid 18 applicable Values obtained by 
the former were higher and for the latter lower than the 
weight obtained at autopsy However, a good correlation 
was found between the calculated volume (em?) and weight 
(g) when the tumour volume was considered equal to a 
solid having the length of the major axis a, and the height 
and width equal to the mmor axis b In fact, when the 
formula V = ab? was used the correlation coefficient 
obtamed by plottmg the weights of the tumour against the 
calculated volume was equalto093 Itean beseen (Fig 1) 
that the discrepancy between the two sets of values m- 
creases with tumour weights above 20 g 

Thymectomy m non-tumour-bearmg new-born rats 
did not produce any significant change in the growth rate 
of the animals during the time of these experiments, the 
body weights of the thymectomized and control animals 
were comparable within normal variations. Furthermore, 
the subsequent mortality of anmmals thymectomized at 
birth was less than 5 per cent, and those that died or were 
discarded because of extreme loss of we1ght showed sub- 
stantial mfection, usually m the thoracic cavity 

Fig 2 shows the rate of growth of Jansen sarcoma m 
thymectomized and control anmals Although the 
tumours m both groups became measurable at approxim- 
ately 7 days after ımplant, the growth curves diverged 
markedly around the tenth day By the fourteenth day 
the tumours ın thymectomized animals were 2—3 times 
greater than ın the controls, and showed striking macro- 
scopic differences ın appearance In control tumours the 
tissue showed the usual appearance of necrosis m the 
central portion and peripheral proliferating tumour of 
transplants of Jensen sarcoma at this stage of growth, 
whereas tumours m thymectomized animals showed little 
or no evidence of necrosis, the entire mass consisted of 
typical Jensen sarcoma tissue 
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In the normal control rats the percentage of successful 
transplants was the 75 per cent usually observed with 
Jensen sarcoma In the thymectomized groups, on the 
other hand, transplants were 100 per cent successful with 
the exception of one group with 88 per cent success. 
Table 1 summarizes the results of this exper:mental 
group of 25 thymectomized rats and 25 unoperated litter- 
mates implanted with the same pooled, tumour tissue from 
14-day-old Jensen sarcoma, and shows that 24 per cent 
of the tumour implants m the normal animals were 
rejected with no trace of the 1mplant on autopsy Of the 
remaming implants, 36 per cent grew but were regressing 
(weight less than 5 g at 14 days) and 40 per cent were fully 
growing In the thymectomuzed rats 12 per cent of tho 
implants were rejected, 12 per cent were considered 
regressing, and 76 per cent had become fully growing 
tumours (more than 6 g). 

Our results show clearly that Jensen sarcoma grows in 
rats thymectomuzed at birth at a significantly faster rate 
than in normal anmals Implantation of the tumour m 
splenectomized new-born animals (unpublished data) gave 
results identical to normal rats and implants in splenectom- 
ized and thymectomuzed anunals did not differ significantly 
from results obtamed m animals thymectomized only 
Thus the normal aggressive growth of this type of tumour 
is definitely enhanced by thymectomy That thymectomy 
significantly modifies the behaviour of Jensen sarcoma 1s 
clearly shown by the slope of the growth-curve, by the 
increased percentage of successful transplants, and by the 
weight of the neoplastic mass at autopsy, and 1s further 
supported by the macroscopic appearance of the tumour 
masses m thymectomized rats, masses practically free of 
neciotic areas in contrast to Jensen sarcoma of the same 
age grown in normal animals The present data are con- 
sistent with the results reported by Martimez et al * 
obtamed with tumour homografts ın thymectomized mice 

The Jensen sarcoma homograft m normal animals 1s 
capable of overcomimg the histo-mcompatibilty barrier 
of the host Sprégue—Dawley rat in 75 per cent of the cases, 
but the host mmune reaction makes possible the regression 
and outright rejection of some of the umplants with time. 
Those umplants which grow show extensive hemorrhagic 
and necrotic areas In thymectomized animals the number 
of rejections and regressions of the tumour implants 1s 
significantly lower and the haemorrhagic and necrotic 
component is virtually absent It 1s rather unlikely that 
the necrotic areas of the tumour growing m normal rats 
are caused by circulatory msufficrency or accumulation of 
catabolites smece such areas do not appear m tumour 
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masses growing more rapidly, and to larger volumes, m 
thymectomized anmmals Therefore, ıt seems plausible to 
consider -all these signs as significant imdication that 
thymectomy has abolished, or greatly depressed, some of 
the immune reactions of the host Jensen sarcoma seems 
to grow in thymectonuzed anumnals in a more uncontrolled 
and unchallenged fashion as 1f a repressing factor had been 
removed From the slope of the growth curve obtamed im 
76 thymectomized and 61 control animals 1t can be cal- 
culated that the daily growth rate of Jensen sarcoma im 
thymectomzed animals 1s 1 8 times higher than mn normal 
animals. 

The present evidence adds additional support to the 
concept that the thymus gland in the post-natal period 18 
important for normal development of the immune reaction, 
but the mechanism of 1ts action 1s not clear While the 
lymphocyte migration theory has not been directly demon- 
strated in the development of the mmune system, the 
humoral theory** has received support**44 Although 
additional evidence such as the demonstration that spleen 
tissue does not have such an effect 1s needed, other results 
strongly support the humoral theory For example, 
histological examination of the thymus shows epithelial 
cellular formations contammg granules localized around 
capillaries and with a characteristic relationship to reticular 
fibres, that can be considered capable of a secretory 
function Such formations, easily seen m the thymus of 
reptiles after hibernation! 1%, when the thymus 1s depleted 
of lymphoeytes, and also described in the calf17-#8, are 
evidence in favour of a secretory function of the thymus 
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This might mply that the thymus gland has not only the 
postulated function of responsibility for the development 
of the immune system in post-natal life, but possibly also a 
more general and complex function yet to be defined 
Recent reports! suggesting that the thymus gland 
contams substances which affect the rato of growth of cells 
may ultimately help to resolve these questions. 

This work was supported by grant NOJ-C.A-—03192-07 
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EXCRETION AND THE ACCRUAL OF DRUG METABOLITES 
By A. J. CUMMINGS and Dr. B. K. MARTIN 


Nicholas Research Institute, Ltd., Slough, Bucks 


HE relationship of the rate of dechne of a drug m 
the plasma to the rate of excretion of unchanged drug 
in the urme has been established ın respect of a number of 


drugs, for example, sulphaethylthiadiazole? and tetra-, 


cyclne® A similar study of the rate of excretion of 
metabolites when a drug 1s excreted predommantly as 
metabolites is more complex, for this mvolves the specific 
rate constants for metabolite formation (ky) and for 
metabolite excretion (ke) 

When a drug is rapidly metabolized and the metabohte 
is slowly excreted, that 18 kp > ke, the concentration of 
the metabolite may eventually exceed that of the parent 
drug to become the only form of the drug in the body, and 
there will ultimately be a pernod when only the meta- 
bohte 1s excreted The urmary excretion data may then 
permit the calculation of ke When, however, a drug 1s 
slowly metabolized and the metabolite is rapidly excreted, 
that ıs when ky < ke the drug and the metabolite will 
always be excreted together and the observed rate of 
metabohte excretion 1s a function of ky and ke 

This article relates to ke under the conditions when 
kr < ke and pomts to 1ts significance ın the explanation of 
certain observations 

Little consideration appears to have been given to those 
instances whero the metabolite 1s belheved to be ‘rapidly 
excreted’ It has sometimes been assumed that when 
excretion 18 rapid, the rate of excretion of the metabolite 
can be equated to its rate of formation The two processes 
may ultimately declme m parallel, but this 1s not so m the 
early phase of excretion and they are equal only at one 
particular time 

Butler? has shown that m theory the half-hfe (t, 5) of a 
substance excreted by the kidney can be related to rts 
renal clearance (C) and 1ts apparent volume of distribution 
(Va), by the expression 


tog = if ne 


Metabolite formation 1s considered to be an mtracellular 
reaction and, while this may be limited to certam cells, the 
probabihty must be considered that the metabohte may 
then enter other cells The apparent volume of distribu- 
tion of a metabohte will therefore exceed the extracellular 
water volume and may well approach that of total body 
water A metabohte exmbitmg the maximum renal 
clearance (C = 700 ml /mim) but having a high apparent 
volume of distmbution (Vz = 501.) would have a half-life 
of 50 min, that 1s, only 56 per cent would be excreted each 
hour 

After the administration of salicylic acid, the major 
metabolite in human urme 1s salicylurie acid The oral 
administration of salicyluric acid (0 5 g), and calculation 
of to s from the excretion, data, gives a value for salicyluric 
acid of about 50min This metabolite is ‘rapidly excreted’, 
yet of that present at the begmning of an hour little more 
than 50 per cent will be excreted durmg the hour, while of 
that formed m the course of the hour the percentage 
excreted will be even smaller 

The rate of formation of a metabolite may be calculated 
from the rate of decline of the concentration of drug m 
the plasma, after allowing for the declme due to exeretion 
of the unchanged drug In the first hour after drug 
admimustration the quantity of metabolite formed will be 
greater than the amount excreted and some will remain 
in the body to be added to that formed ın the next hour 
Present concepts imply that metabolite formation will 
usually reach 1ts maximum when the concentration of drug 
18 at its maximum , thereafter, 1t will decrease The amount 
of metabohte which remams from the previous hour may, 
however, be more than sufficient to compensate for the 
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and Its Applications, Vol 13) 9} ın x64 ın (235 emxI6cm) Pp xix~+-288 
(New York and London Interscience Publishers, a Division of John Wiley and 
Sons, [963 ) 90s * 

CALVET, E ,and PRAT, H Recént Progress in Microcalorimetry Edited and 
translated from the French by H A Skinner 8? in x54 ın (22 cmx 14 cm) 
Pp xu-4+I77 (London and New York , Pergamon Press, 1963) 60s net * 
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COULSON, E H ‚and TRINDER, A E J} Experiments for Young Chemists 
Sin x5¢in (2Ocmx14cm) Pp 158+-18 photographs (London G Belland 
Sons, Ltd , 1963) I5s net * r : 

CRAIG, Alexander Rubber Technology a Basic Course 8} in x5% in 
(22 emx15 em) Pp xvi+222 (Edinburgh and London Oliver and Boyd 
Ltd , 1963) 42s net * 

DAVIDSON, J F, and HARRISON, D Fluidised Particles 82 tn x 5% in 
Q2zcmxi5em) Pp xv+155+!11 plates (Cambridge At the University Press, 
1963} 35s net * 

DAVIES, ! T, and RIDEAL, E K Interfacial Phenomena Second edition 
Siin x6hin (235 emxiécm) Pp xii4+480 (New York Academic Press, 
Inc , London Academic Press, Ine (London), Led , 1963 ) 107s 6d * 

DAVIES, Mansel (edited by} Infra-Red Spectroscopy and Molecular Structure 
an Outline of Principles 921n x62in (25 cmx 7cm) Pp xt1-+-468 (Amster- 
dam, London, New York Elsever Publishing Company, 1963 ) 75s * 

DAWSON,B E Practicallnorganic Chemistry 82in x54in (22cm x 15 cm) 
Pp viit-+356 (London Methuen and Co , Ltd, 1963 ) 255 * 

DAWSON, K ,andSOWDEN,R G Chemical Aspects of Nuclear Reactors 


Vol i Gas-Cooled Reactors Pp xv+268 55s Vol 2 Water-Cooled 
Reactors Pp xvi-+388 75s 10in x6hin (255 cemx!6 em) (London 
Butterworth and Co {Publishers}, Led , 1963 }* 

DE MAYO, Paul (edited by} Molecular Rearrangements, Part |} 9} in X 


6} in (235 cemxi6cm) Pp xit+706 (New York and London Interscience 
Publishers, a Division of John Wiley and Sons, 1963 ) [85s * 

EYRING, H (edited by) In association with CHRISTENSEN, © J , and JOHN- 
SON,H S Annual Review of Physical Chemistry, Vol 14 9tn x61n (23 cmx 
I55cm) Pp vit-+433 (Palo Alto, Calif Annual Reviews, Inc , 1963 ) 850 
dollars * 

FLETT, M St C Characteristic Frequencies of Chemical Groups in the Infra- 
Red (Elsevier Monographs Chemistry Section) 72 in x53 m (195 cmx 
i3 cm) Pp ix+98 (Amsterdam, London, New York Elsevier Publishing 
Company, 1963 ) 25s 

FOX, David, LABES, Mortimer M , and WEISSBERGER, Arnold (edited by) 
Physics and Chemistry of the Organic Solid State, Vol | Igan x6gin (23 5cmx 
16 em) Pp xvi~-823 (New York and London Interscience Publishers, a 
Division of John Wiey and Sans, 1963) 189s * 

GIMBLETT, F G R Inorganic Polymer Chemistry [0tn x6¢1n (25 5 cm x 
l6cm) Pp ix-+-452 (London Butterworth and Co (Publishers), Ltd , 1963 ) 
90s * = 

HUNTER, D N Inorganic Polymers 9 in x52 in (23 cmxI5 cm) Pp 
vu+il0 (Oxford Blackwell Scientific Publications, 1963 ) 25s net * 

JOHN, D H O ,and FIELD,G TJ A Textbook of Photographic Chemistry 
82 in x52 ın (22 emx15 cm) Pp 1x+330 {London Chapman and Hall, 
Ltd , 1963 ) 45s net * 

JOHNSON, Noah R , EICHLER, Eugene, and O'KELLEY, G Davis Nuclear 
Chemistry (Technique ofinorganic Chemistry, Vol 2} Jin x6$in (23 5emx 
16 cm) Pp xit-+-202 (New York and London Interscience Publishers, a 
Division of John Wiley and Sons, 1963 ) 60s * 

~ KAISER, Rudolf Gas Phase Chromatography Vol | Gas Chromatography 
Pp vii+199 42s Vol 2 Capillary Chromatography Pp x+120 35s 
Vol 3 Tables for Gas Chromatography Pp tx+162 40s (London Butter- 
worth and Co (Publishers), Ltd , 1963 )* 

LEFFLER, John E ,and GRUNWALD, Ernest Rates and Equilibria of Organic 
Reactions as Treated by Statistical, Thermodynamic, and Extrathermodynamic 
Methods 93 in x6in (235 cmx1i55 cm) Pp xvi+458 (New York and 
London John Wiley and Sons, Ine , 1963) 80s * 

LLOYD, Douglas Alicyclic Compounds 92 in x6 in (235 emx 155 cm) 
Pp ix+ 171 (London Edward Arnold (Publishers), Ltd , 1963} 35s net * 

MOLECULAR STRUCTURE AND SPECTROSCOPY (Special lectures pre- 
sented at the International Symposium held in Tokyo, Japan, 10-1 5th September, 
1962 International Union of Pure and Applied Chemistry Physical Chemistry 
Section—Commission on Molecular Structure and Spectroscopy , in conjunction 
with the Science Council of Japan ) Reprinted from Pure and Applied Chemistry, 
Vol 6, No 0 in x6 in (255 emx16 em) Pp vwitl45 (London 
Butterworth and Co (Publishers), Ltd , 1963 ) 35s * 

MOORE, Walter J Physical Chemistry Fourth edition 93 im xé in 
(235 cmxI6 5cm) Pp xui+844+xxv (London Longmans, Green and Co , 
Ltd , 1963) 50s net * 

NARAY-SZABO, Istvin Anorganische Chemie, Band3 94tn x7in (24emx 
i8cem) Pp 669 (Budapest Akademiat Krado, Verlag der Ungarischen Akademie 
der Wissenschaften, Berlin Akademie-Verlag, 1963 ) H dollars * 

NESMEYANOV, An N Vapour Pressure of the Elements ‘Translated and 
edited by J I Carasso 9Łın x62in (235emxl6cm) Pp vi-+469 (London 
ETNE Ltd , 1963 Distributed outside the US A by Cleaver-Hume Press, 
Ltd S 

OLAH, George A {edited by) Friedel-Crafts and Related Reactions Vol I 
General Aspects 9h in x63 in (235 cmxi6 em} Pp xxxiv+1031 (New 
York and London Interscience Publishers, a Division of John Wiley and Sons, 
1963 } 220s * 

ORTMANN, Henry (herausgegeben von) Zur Physik und Chemie der Kristall- 
phosphore If Tagung der Unterkommission Leuchtstoffe der Sektion fur 
Phystk, vom 27-29, November 1961 tn Berlin 94 ın x62 ın (24 cmx I7 cm) 
Pp 236 (Berlin Akademie-Verlag, 1962) 55D M * 

SAVIDAN, L La Chromatographie 2e Edition 
6 in x 4k in (165 cmxil cm) Pp. x-+1I15 (Paris Dunod, 1963) 960 
rancs 

SCHMEISER, Kurt Radionuclide Zweite vollig neu Bearbettete und Erwei- 
terte Auflage von Radioaktive Isotope I0 m x6h1n (255 emxi7 cm). Pp 
x11+282 {Berlin Springer-Verlag, 1963) 59DM ™ 

SCHMIDT, Helmit, and von STACKELBERG, Mark Modern Polarographic 
Methods Translated by R E W Maddison 92in x6in Q35 cmx 155 cm) 
Pp v+99 (New York Academic Press, Ince , London Academic Press, Inc 
(London), Ltd , 1963} 44s * 

SEEL, Fritz Atomic Structure and Chemical Bonding a Non-Mathematical 
introduction ‘Translated from the Fourth German edition and revised by N N 
Greenwood and H P Stadler (Methuen’s Monographs on Chemical Subjects ) 
74in x5ın (19emxI25em) Pp vn-+il2 (London Methuenand Co ,Ltd , 
New York John Wiley and Sons, Ine , 1963) [5s net * 

SHERMAN, P Rheology of Emulsions (Proceedings of a Symposium held 
by the British Society of Rheology at the St George’s Hotel, Harrogate, October 
1962} 93 in xé im (35 emxi55 em) Pp vie4+l46 (London and New 
York Pergamon Press, 1963) 50s net * 

STOCK, R., and RICE, C B F Chromatographic Methods 82 in x54 in 
(22 emx {4 em) Pp vir+206 (London Chapman and Hall, Ltd , 1963 }) 


(Monographies Dunod ) 


40s net * 
STOUT, George H Composition Tables Data for Compounds Containing 
C,H, N, O,S 941in x64in (235 emx1]6em) Pp xi+391 (New York and 


Amsterdam W A Benjamin, Inc , 1963 ) 6 dollars * 

VAN RYSSELBERGHE, Pierre Thermodynamics of Irreversible Processes. 
(Actualites Scientifiques et Industrielles, Nr 1298) 941n x6%1n (24 cmx 17 cm). 
A a6 (Paris Hermann, Leeds Hermann (Publishers), Ltd , 1963) 37s 
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Biochemistry Physio'ogy Pharmacology 


ANTOINE, A Etude Biochimrque et Génetique de Ja Resistance aux lons 
CurvriqueschezlaLevure 9¢1n x6tin (24emx16em) Pp 199 (Gembloux 
Editions } Duculot,S A ,1962) nep * 

BERGMEYER, Hans-Ulrich (edited by) Methods of Enzymatic Analysis 
Translated from the German by Dermot H Williamson, with the editorial 
assistance of Walter Bartley 92 1n x7 in (25 emx18 cm) Pp xxar-+1064 
(Weinheim/Bergstr Verlag Chemie, GmbH , New York and London Aca- 
demic Press, Inc , 1963 ) 2145 * 

CHROMATOGRAPHIE SYMPOSIUM II, 1962 94 tn x62 m (24 cemx 16 en} 
A 310 {Bruxelles Societe Beige des Sciences Pharmaceutiques, 1963) 150 

rancs 

FAIR, Charles M The Physical Foundations of the Psyche 92 in x6} in 
(235 emx16 cm) Pp xi--+287 (Middleton, Conn Wesleyan University 
Press, 1963) 10 dollars * 

FAIRLEY, James L , and KILGOUR, Gordon L Essentials of Biological Chemis- 
try (Organic Chemistry and Biochemistry Textbook Series ) 92 in x 6% in 
(235 cmx 16 cm) Pp xii+287 (New York Reinhold Publishing Corpora- 
tion, London Chapman and Hall, Ltd , 1963) 60s net * 

HITZIG, Walter H Die Plasmaproteine in der Klinischen Medizin Ergeb- 
nisse Spezifischer Bestimmungen mit Besonderer Berucksichtigung Immuno- 
chemischer Methoden Unter mitarbert von R Butler, H Cottier, M Hess und 
G v Muralt 10in xéžin (255emxi7em) Pp xi+291 (Berlin Springer- 
Verlag, 1963 ) 58D M * 

KAYSER, Charles Physiologie Tome 3 Les Grandes Fonctions (Nutrizion 
exceptee) 9iin x6hin (25 cemxlé5cm) Pp 1210 (Paris Editions Medi- 
cales Flammarion, 1963) np * 

NORD, F. F (edited by) Advances in Enzymology and Related Subjects of 
Biochemistry, Vol 25 9$1n x6hin (23 5emxl6em) Pp v+565 (New York 
and London Interscience Publishers, a Division of John Wiley and Sons, 1963 ) 

S 

OVERZIER, Claus (edited by} Intersexuality JOf in x72 in (265 emx 
I8 5cm) Pp xtv-+563 (London Academic Press, Inc (London), Ltd , New 
York Academic Press, Inc , 1963) [68s * 

PEETOOM, F The Agar Precipitation Technique and Its Application as a 
Diagnostic and Analytical Method 8łin x5¢in (22emx l4 cem) Pp vie ll4 
(Edinburgh and London Oliver and Boyd, Ltd , 1963) 35s * 

PINCUS, Gregory (edited by) Recent Progress in Hormone Research, Vol 19 
(Proceedings of the [962 Laurentian Hormone Conference ) 94 tn x 64 tn 
(23 5cemxl6em) Pp xui-++-750 (New York Academic Press, Ine , London 
Academic Press, Ine (London), Ltd , 1963 ) 157s * 

RAINBOW, C ,and ROSE,A H (edited by} Biochemistry of Industrial Micro- 
organisms Itin x6}in (23 5emxl6cm) Pp xix+708 {London Academic 
Press, Ine (London), Ltd , New York Academie Press, Ine , 1963) 147s * 

RAMACHANDRAN, G N (edited by) Aspects of Protein Structure (Pro- 
ceedings of a Symposium Feld in Madras, [4~[8 January 1963 and organized by the 
University of Madras ) 9bin x 64in (235 emxi6em) Pp x+380 {London 
Academic Press, Inc (London), Ltd , New York Academic Press, Inc , 1963 } 


s 

SNELL, Esmond, and LUCK,! Murray (edited by) In association wttn ALLEN, 
Frank W ‚and MACKINNEY, Gordon Annual Review af Biochemistry, Vol 32 
Sin x6bin (23 cmxl6cm) Pp vu+864 (Palo Alto, Calif Annual Reviews, 
inc , 1963 ) 8 50 dollars* 

ZWARENSTEIN, H , and VAN DER SCHYFF, V E Practical Biochemistry 
Seventh edition 82in x5Zin (22cmxI5em) Pp x+-J06 (Edinburgn and Lon- 
don E and§ Livingstone, Led , 1963) [Ss net * 


Medical Sciences 


BOURNE, Geoffrey H (edited by) Medical and Biological Problems of Space 
Flight (Proceedings of a Conference held in Nassau, the Bahamas, November, 
1961} 9bin x6 in (235 emx1l6em)}) Pp x+289 (New York Academic 
Press,inc , London Academic Press, Ine (London), Ltd , 1963} 86s * 

BROMPTON HOSPITAL REPORTS, Vol 31, 1962 (A Collection of Papers by 
Members of the Staffs of the Hospitals for Diseases of the Chest (Brompton 
Hospital and London Chest Hospital) and of the Institute of Diseases of the 
Chest ) Shin xSkin (Q215cemy i4em) Pp xu-+292 (London  Lloyd-Luke 
(Medical Books), Ltd , 1963) 15s ner * 

CLUSIUS, Carolus Aromatum, et Simplicsum Aliquot Medicamentcrum Apud 
lados Nascentium Historia, 1567 Etat la Traduction Latine des Coloquios dos 
Simples e Drogas e Cousas Medicinais da India by Garcia da Orta Avec une 
Introduction du Dr M de Jong et du Dr D A Wittop Koning Facsimile 
(Dutch Classics on History of Science, Vol 6) 631n x42 in (16 cmx 1] em) 
oe. (Nieuwkoop, Netherlands © De Graaf, 1963) 48 # , [350 

ollars 

COATES, Jr , John Boyd (Editor-in-Chief) WILTSE, Charles M (Editor for 
Personnel) Personnel tn World War |I! (Medical Department, United States 
Army) {Oin x7 in (255 emxi8cm) Pp xxvi+-548 (Washington, DC 
Office of the Surgeon General, Department of the Army, 1963 Available from 
WS Government Printing Office } 6 dollars * 

CZYZEWSKI, Kazimierx, and SILINK, Karel (edited by) Endemic Goitre in 
the Hill Regions Between the Elbe and the Oder Rivers (Polish Academy of 
Sciences Department of Medical Sciences} 9hin x631n (235 cem< 165 em) 
Pp 259 (Warsaw Polish State Medical Publishers, 1962 ) np * 

DIAGNOSIS AND TREATMENT OF RADIOACTIVE POISONING = (Proceed- 
ings of the Scientific Meeting jointly organized by the World Health Organization 
and the International Atomie Energy Agency, held tn Vienna, [5-18 October 
1962} (Proceedings Serres} 94 in x64 in (24 cmx! em) Pp vits4+450 
(Vienna international Atomie Energy Agency, London HM Stationery 
Office, 1963 ) 189 schillings , 54s , 9 dollars * 

HASEK, M , LENGEROVA, A , and VOITISKOVA, M (edited by) Mechan- 
isms of Immunological Tolerance (Proceedings of a Symposium held at Liblice 
near Prague, November 8-10, 1961) 94 in x62 in (24 emxI7 em) Pp 
544 (Praha Publishing House of the Czechoslovak Academy of Sciences , 
London and New York Academic Press, 1962) 128s 6d * 

HOWE, G Melvyn (prepared by) National Atlas of Disease Mortality in the 
United Kingdom Il} tn x82 in (285 cmx22 cm) Pp III (London and 
Edinburgh Thomas Nelson and Sons, Ltd , 1963} 35s net * 

REFSUM, Sigvald, LOSSIUS, Hans M , and DIETRICHSON, Per (edited by) 
The So-Called Extrapyramidal System Symposium from the Sixteenth Congress 
of Scandinavian Neurologists, Oslo, 1962 (The Scandinavian Neurological 
Society and the Norwegian Neurological Association ) 94 in x6ł in (24 emx 
t6 cm} Pp 363 (Oslo Unrversitetsforlaget, 1963} np * 

SMART, J V Elements of Medical Staciscres 82 in x54 m (22 cmx 14 em) 
Pp 136 (London Staples Press, 1963 } 35s net * 

SMITH, Adam N (edited by) Surgical Physiology of the Gastro-Intestinal 
Tract (Proceedings of a Symposium held in the Royal College of Surgeons of 
Edinburgh, [st and 2nd June 1962} 94 in x62 in (24 emxl6em) Pp xiv- 
237 (Edinburgh The Royal College of Surgeons of Edinburgh, 1963} 27s 6d 
net * 
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VON BRUNN, Walter A L Medizinische Zertschriften im Neunzehnten 
Jahrhundert Beitrage zur Geschichte der Allgemein-Medizinischen Fachpresse 
9in X61n (23 cmxXI55 cm) Pp tv-+95 (Stuttgart Georg Thieme Verlag, 
1963) 960D™M * ` 


Biology 


BANNERMAN, David Armitage Birds of the Atlantic Islands Vol | A 
History of the Birds of the Canary Islands and of the Salvages !02 in x72 m 
(27 cmx 195cm) Pp xxxi-+358-+17 plates (Edinburgh and London Oliver 
and Boyd, Led , 1963) 84s net * 

BANNERMAN, David Armitage The Birds of the British istes, Vol 12 
Stercorariidae, Alcidae, Rallidae, Tetraonidae, Phasianidae Illustrated by George 
E Lodge I02tn x74ın (27 cmxl9cm) Pp x111+443-+31 plates (Edinburgh 
and London Oliver and Boyd, Ltd , 1963 ) 63s net * 

BERKELEY, Edmund, and BERKELEY, Dorothy Smith John Clayton Pioneer 
of American Botany 94 in x6 in (235 cmxlié cm) Pp ix+236 (Chapel 
Hill, NC Uniwersity of North Carolina Press, London Oxford University 
Press, 1963 ) 6 dollars , 48s * 

BILAI, Y  Antıbiotic-Producing Microscopie Fungi 99ain X6 ın (23 emx 
iS 5cm) Pp vu+2!5 (Amsterdam, London and New York Elsevier Publish- 
ing Company, 1963 ) 60s * 

BRODAL, Alf, and FANGE, Ragnar (edited by) The Biology of Myxine 921n 
x6in (23 5emxI5 5em) Pp xtu+588 (Oslo Universitetsforlaget, London 
Dawsons of Pall Mall, 1963 } 120s * 

CHRISTIAN, Garth While Some Trees Stand 83in x5hin (22 em x 14m) 
Pp 192-427 places {London George Newnes, Ltd , 1963} 2is nec * 

COHEN, Edwin Birds of Hampshire and the Isle of Wight 9 in x5} tn 
(23 cmx I5 cem) Pp xi-+278+-16 plates (Edinburgh and London Oliver and 
Boyd, Ltd , 1963) 305 net * 

COUFFER, Jack Song of Wild Laughter 9h in x6b in (235 emx $6 cm) 
Pp 1744+30 photographs (London Constable and Company, 1963} 25s 


net 

DE BEER, Sir Gavin Charles Darwin (British Men of Science ) 8in x541n 
(20 emx!l4 cm) Pp x1-+290-+24 plates (Edinburgh and London Thomas 
Nelson and Sons, Ltd , 1963 } 2Is net * 

HANSTROM, Bertil, BRUNCK, Per, and RUDEBECK, Gustaf South African 
Animal Life Results of the Lund University Expedition in 1950-1951, Vol 9 
10$ in x7% ın (26cmx19 em) Pp 516 (Stockholm Swedish Natural Science 
Research Council, 1963 ) 80 Sw er * 

HARDING, 3 P , and TEBBLE, Norman (edited by) Speciation in the Sea a 
Symposium 8hin x5hin QI1Semxi4cm) Pp 199 (London The System- 
atics Association, 1963 ) 12s 6d , 2 dollars * 

HENDERSON, 1 F, and HENDERSON, W D A Dictionary of Biological 
Terms Pronunciation, Derivation, and Definition of Terms in Biology, Botany, 
Zoology, Anatomy, Cytology, Genetics, Embryology, Physiology Eighth edition 
by Or J] H Kenneth Gin x6in, (23 cmxI5 5cm} Pp xv+640 (Edinburgh 
and London Oliver and Boyd, Ltd , 1963} 42s net * 

HERIOT, Jo Very Fine Company Birds About My Garden 92 in x6 In 
(23 5 cmxI55 cm) Pp 1274-38 photographs (London  Harvil Press, Ltd , 
1963) 2ls net * 

HOFFMEISTER, Donald F Mammals (The Golden Bookshelf of Natural 
History) Itin x84in (28cmx2l cm) Pp i04 (New York Golden Press, 
Inc , 1963) 395 dollars * 

HUNT, Peter 100 Best Shrubs Illustrated by Cynthia Newsome-Taylor 
7} tn x5 ın (19 cmx125 cm) Pp 221 (London Eyre and Spottiswoode 
(Publishers), Led , 1963 ) 2lis net * 

HURRELL,H G Atlanta My Seal 94in x63in (24emx!l6cm) Pp 168-427 
photographs (London William Kimber and Co ,Ltd , 1963) 25s net * 

HUTCHINSON, J , and DALZIEL,J M Flora of West Tropical Africa Ail 
Territories in West Africa South of Latitude 18° N and to che West of Lake 
Chad, and Fernando Po, Vol 2 Second edition edited by F N Hepper mx 
6 in {25 cmxi55 cm) Pp x:+544 (London Crown Agents for Oversea 
Government and Administrations, 1963 Published on behalf of the Governments 
of Nigeria, Ghana, Sierra Leone and the Gambia ) 80s * 

IENNAING, D H The Absorption of Solutes by Plant Cells 821n x5} in 
(22 cmxI5 em) Pp vii+204 (Edinburgh and London Oliver and Boyd, 
Led , 1963) 30s net * 

LEEBURN,M E Garden Lilies Their Selection and Cultivation 82 in x 
54 ın (22 emxl4 cm) Pp 139+35 photographs (London W H and L 
Collingridge, Ltd , 1963 ) 30s net * 

LODEWUKS, J M Tropical Fish in the Aquarium 84 im x61in (215 cmx 
15 5 cm) Pp [27 (121 places) {London Blandford Press, Ltd , 1963} Iss 
net j 
LOVE, Áskeli, and LOVE, Doris North Atlantıc Biota and Their History 
(A Symposium held at the University of Iceland, Reykjavik, July 1962) 91in x 
6} ın (23 emxl6 cm) Pp xit-+430 (London and New York Pergamon 
Press, 1963) 100s net * 

MARCHETTI, Roberto Biologia e Tossicologia delle Acque Usate 9 in x 
62 in (24emx 17cm) Pp xv-+386 (Milano ET/AS—Editrice Tecnica Artistica 
Scientifica, 1962 ) 3,500lire * ~ 

McQUOWN, F R Plant Breeding for Gardeners a Guide to Practical 
Hybridizing S2in x54 in (22cmxl4em) Pp 144 (London W H andl 
Collingridge, Ltd , 1963 ) 30s nec * 

MESSIAEN, C M ,et LAFON,R Les Maladies des Plantes Maraichéres, Vol I 
Shin x6kin (24emxléem) Pp 153 (Paris Institut National dela Recherche 
Agronomique, 1963 ) 2! franes * 

MOORE, John The Year of the Pigeons 8$in x53in (21 emxl4em} Pp 
160 {London William Collins, Sons and Co ,Led , 1963) [8s nee * 

NAPIER, John, and BARNICOT, N A (edited by) The Primates (The Pro- 
ceedings of the Symposium held on 12th-l4th April 1962 at the Offices of the 
Zoological Socrety of London Symposia No 10) I0 tn x6} in (255 cmx 

7 em} Pp xi-+285 (London The Zoological Society of London, 1963 
Distributed by Academic Press Inc (London), Led } Paperbound 90s , Cloth- 
bound 100s * 

NEWELL, G E ‚and NEWELL, R C Marne Plankton a Practical Guide 
(Hutchinson’s Biological Monographs ) 92 in x74 ın (25 emxI85 cm) Pp 
207 (London Hutchinson Educational, Ltd , 1963 } 2Is net * 

OGNEYV, $ | Mammals of Eastern Europe and Northern Asia Vol 2 
Carnivora (Fissipedia) Translated from the Russian 9} in x6j 1n (24 cmx 
17 em) Pp 590+ xy (Jerusalem Israel Program for Scientific Translations, 
[963 ) 110s , 15 50 dollars * 

OGNEV,S I! Mammals of USSR and Adjacent Countries Vol 3 Carno- 
vora (Fissipedia and Pinnipedia) Translated from the Russan 94 tn x62 tn 
Q4emxifcm) Pp 64l-+xy {lerusalem  Israe! Program for Scientific Transla- 
trons, 1962) 110s , 15 50 dollars * 

OZENDA,P Lichens (Traite d’Anatomie Vegetale, Band 6, Teil9 } 92tn x 
63in (25emxl7em) Pp x+199 (Berlin-Nikolassee Gebruder Borntraeger, 
1963) IOS DM * 

PERES, | M,et DEVEZE,L Océanographie Brologique et Biologie Marine 
Tome Second La Vie Pelagique (‘‘Euclide’’ Introduction aux Etudes Scienti- 
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fiques—-Brologie Animale ) 7}in x5htn (IB 5emxi3em) Pp w+5l4 (Paris 
Presses Universitaires de France, 1963 ) 40 francs * 

ROEDELBERGER, Franz A ,and GROSCHOPF, Veral The Wonders of Wild- 
life in Europe Nature Observed ın 280 Pictures English version by Mary 
Phillips and Peter Whitehead 94in x 8hin (24cemx215em) Pp 232 (Lon- 
don Constable and Co, Led , New York Viking Press, Inc , Toronto 
Longmans Green, [963 ) 42s * 

SALISBURY, Frank B The Flowering Process (International Series of Mono-~ 
graphs on Pureand Applied Biology Division Plant Physiology, Yo! 4) 8iin x 
52in (22emx 15cm) Pp x +234 (London and New York Pergamon Press, 
1963 } 50s net * 

SPRENT,J F A Parasitism an Introduction to Parasitology and Immunology 
for Students of Biology, Veterinary Sctence,and Medicine 831n x5$1n (22emx 
14cm) Pp x+145 (St Lucia University of Queensland Press, 1963 ) 35s 

STRAHLENSCHUTZ IN FORSCHUNG UND PRAXIS, Band 3 (Jahrbuch der 
Vereinigung Deutscher Strahlenschutzarzte e V) 821n » 5S2?in (2ZemxI5 cm) 
Pp 33t (Freiburg im Bretsgau Verlag Rombach, 1963) 58 80D M * 

WALLACE, H R The Biology of Plant Parasitic Nematodes 9 in x6 in 
(23 emy 155 cm) Pp vi+280+16 photographs (London Edward Arnold 
{Publishers}, Ltd , 1963} 50s net * 

WARING,H Color Change Mechanisms of Cold-Blooded Vertebrates Jin x 
6 ın (23 emxI5S5 cm) Pp x11+266 (New York Academic Press, Inc , 
London Academic Press, Ine (London), Led , 1963) 76s * ~ 


Entomology 


ARTHUR, Don R British Ticks [Oin x6hin (255emx 16cm) Pp sx-+213 
(London Butterworth and Co (Publishers), Ltd , 1963) 55s * 

DAVIES, Howell Tsetse Flies in Northern Nigeria a Handbook for Junior 
Control Staff 7yin x5in (19enxl2S cm) Pp 2i (Zaria, N Nigeria 
Gasktya Corporation, [963 ) 20s * 

HICKIN, Norman E The Woodworm Problem (The Rentokil Library ) 
9 in x58 ın (23 emxI5 em) Pp 123 (London Hutchinson and Co (Pub- 
fishers), Led , 1963) J5s tet * 

KETTLEWELL, H B D Your Book of Butterflies and Moths 84 in x6 in 
(2iSemxiS5em) Pp 60-+-16 photographs (London Faber and Faber, Ltd , 
1963 ) 10s 6d net * S 

PHYSIOLOGIE, COMPORTEMENT ET ECOLOGIE DES ACRIDIENS EN RAP- 
PORT AVEC LA PHASE (Colloques Internationaux du Centre National de Ja 
Recherche Scientifique, No 114, Parts, 9-13 Avril 1962 ) 94 im x6} in (24 cm x 
165 em) Pp 342 (Parts Éditions du Centre National de fla Recherche 
Scientifique, 1962} np * 

BERT, Adrien Les Libellules du Québec (Ministère du Tourisme, de Ja 
Chasse et de la Pêche, Province de Québec Service de la Faune, Bulletin Nr |) 
Fin X6in (23emx1S5em) Pp vii+223 (Québec Ministère de la Chasse 
et des Pécheries, 1963 } np * 

YAGI, N ,and KOYAMA,N The Compound Eye of Lepidoptera Approach 
from Organic Evolution I0hin x74 ın (26 cmx185em) Pp 319 (Tokyo 
Maruzen and Co ,Ltd , 1963) np * 
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GOLDSCHMIDT, Elisabeth (edited by) The Genetics of Migrant and Isolate 
Populations (Proceedings of a Conference on Human Population Genetics tn 
israel, held at the Hebrew University, Jerusalem }) 9h in x62 im (235 cmx 
16 emi Pp xxi+-369 (London Ballliere, Tindall and Cox, Ltd , 1963 ) 72s * 

GRUNEBERG, Hans The Pathology of Development a Study of Inherited 
Skeleta! Disorders in Animals 101n x631n (255emxJ6em) Pp xiv-+309+9 
plates (Oxford Blackwell Sctentrfic Publications, 1963 ) 70s net * 

RIEGER, Rigomar Die Genommutationen (Ploidiemutationen) Sainte 
Grundlagen, Ergebnisse und Probleme tn Esnzeldarstellungen, Beitrag 3) 9$in x 
64in (24emx165em) Pp vir+183 (lena Veb Gustav Fischer Verlag, 1963 ) 
23 90D M * 

ROBERTS.J A Fraser An Introduction to Medica) Genetics Third edition 
92in x62in QS emxivFom) Pp xti4-283 (London and New York Oxford 
University Press, [963 ) 35s net * 

SCHULL, William J (edited by) Genette Selection in Man (Third Macy 
Conference on Genetics) 94 in x6hin (235 emxl6cm) Pp x+355 (Ann 
Arbor University of Michigan Press, London The Cresset Press, Ltd , 1963 ) 
10 dojlars * 

SOBELS, F H (edited by) Repair from Genetic Radtattcon Damage and Differ- 
ential Radiosensitivity in Germ Cells (Proceedings of an International Symposium 
hald at the University of Leiden, the Netherlands, August 15-19, 1962 ) 9hin x 
63 in (235 cmx!l6 cm) Pp x+454 (New York and London Pergamon 
Press, 1963 ) [05s * 
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Soil Science 


DUCKHAM, A N Agricultural Synthesis The Farming Year 8} tn x 
53 ın (22 cmx15 cm) Pp xiv-+525 (London Chatto and Windus, Ltd , 
1963 ) 75s net * 

GEMMELL, A R „and LOADS, F W  Sctence in the Garden 7} 1n x5 in 
(9emxi2Z5em) Pp 159+16 photographs (London G Bell and Sons, Ltd , 
1963) 15s net * 

HAYES, Herbert Kendall A Professor’s Story of Hybrid Corn $in x621n 
(23 5 emx I6 cm} Pp v+237 (Minneapolis, Minn Burgess Publishing Com- 
pany, 1963} 6 50 dollars * 

LUCKWILL, L C ‚and POLLARD, A (edited by} Perry Pears (Produced as 
a Memortalto Prof B T P Barker) [Oin ~7}in (255¢m x 19 em) Pp xi- 
216-+4+-4 plates (Bristol The University, 1963 Published for The National Fruit 
and Cider Institute ) n p * 

MOURANT, A E „and ZEUNER,F E {edited by) Man and Cattle (Proceed~ 
ings of a Symposium on Domestication at the Royal Anthropological institute, 
24-26 May 1960 ) IOn x7hin (25 5emxi9em) Pp 166+-21 plates (London 
Royal Anthropological Institute of Great Britain and Ireland, 1963 ) 63s * 

NEALE,G J (edited by) Transactions of Joint Meeting of Commissions IV and 
Y, Internationa} Society of Sail Science, Massey University College of Manawatu, 
Palmerston North, New Zealand, 13-22 November 1962 921n x6}in (25 cmx 
l6 cm} Pp 916 (Lower Hutt, New Zealand International Sor! Conference, 
Soil Bureau, PB , 1963 Obtcainable from D SIR , 125 Sydney Street, Welling- 
ton) 80s (NZ), 11 dollars * 

NORMAN, A G {edited by) Advances tn Agronomy, Vol I5 (Prepared 
under the auspices of the American Society of Agronomy) 92 in x6hin (235 
cmxié cm) Pp xi+415 (New York Academic Press, Inc , London 
Academic Press, Inc (London), Ltd , 1963 ) 13 50 dollars * 

VOISIN, Andre Grass Tetany ‘Translated from the French by Catherine 
T M Herriott 8}in x521n QQ cemy)5em) Pp xiv+262 {London Crosby 
Lockwood and Son, Ltd , 1963 } 55s net * 
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BIEK, Leo Archaeology and the Microscope The Scientific Examination of 
Archaeological Evidence 9 in x61n (23 cmx!55 cm) Pp 2874+26 plates 
(London Lutterworth Press, 1963 ) 45s net * 

BROTHWELL, Don, and HIGGS, Eric (edited by) Science in Archaeology 2 
Comprehensive Survey of Progress and Research 92 in x7 in (25 cm x 18 em) 
Pp 595-432 plates (London Thames and Hudson, 1963) 90s net 

COLE, Sonia The Neolithic Revolution Third edition 8% in x52 In 
(21 cmx 13 cm) Pp vi+66+18 plates (London. British Museum (Natural 
History), 1963.) 5s * 

LEWIS, Oscar Life ina Mexican Village Tepoztlán Restudied (illin: Books, 
No 9) 8tn xStin (20 emxl4cm) Pp xvu-+512. (Urbana, Il 
oflllinors Press, 1963 ) 2 95 dollars * 

LISITZKY, Gene Four Ways of Being Human an Introduction to Anthro- 
pology Qin x6iin (235 emxi6em) Pp 35! (London Dennis Dobson, 
1963 ) 285 net * 

THE ANNUAL OF THE BRITISH SCHOOL AT ATHENS, No 58 [01n x7} 
in (255emx19em) Pp x-+4-122+34 plates (London The British School of 
Athens, 1963) 105s ner * 

TRIMBORN, Hermann Die Indianischen Hochkulturen des Alten Amerika 
(Verstindliche Wissenschaft, Zwetundachtzigster Band ) 7iin x4 in (18 5cmy 
12cm) Pp vi-+{!56 (Berlin, Gottingen, Heidelberg Springer-Verlag, 1963 ) 
780D M * 


Psychology : Psychiatry 


BAKER, Robert A (compiled and edited by) Psychology in the Wry = (In- 
sight Book, No 12) Zin x44in (I8 cemxli cm) Pp xn-+!70 (Princeton, 
NJ © Van Nostrand Company, inc , Londen D Van Nostrand Company, 
Led ,1963) 1 75 dollars, f4s * 

BRAUN, John R (edited by) Contemporary Research in Learning (Insight 
Book, No 10) Zin x4}ın (I8cmxIl cm) Pp vi-+229 (Princeton, N J 
D Van Nostrand Company, Inc , London D Van Nostrand Company, Ltd , 
1963) 195 dollars, I5s ód * 

GROSE, Robert F ,and BIRNEY, Robert C (edited by) Transfer of Learning 
An Enduring Problem of Psychology (Insight Book, No 9E) 7 in x4 in 
(i8 cmxIl cm) Pp vi+1[94 (Princeton, NJ D Van Nostrand Company, 
Inc , London D Van Nostrand Company, Ltd , 1963) 175 dollars, 14s * 

ORGLER, Hertha Alfred Adler The Man and His Work—Trrumph over the 
inferiority Complex Third edition, revised and enlarged 82in x5jin (22cmx 
ISem) Pp, xix-+266 (London Sidgwick and Jackson, Ltd , 1963) 30s net * 

QUAY, Herbert C (edited by) Research tn Psychopathology (Insight Book, 
No I1) Zin x44in (Bemxil em) Pp vii+2!6 (Princeton, NJ) D Van 
Nostrand Company, Inc , London D Van Nostrand Company, Led , 1963 ) 
195 dollars , [5s 6d * 

SOUTHWICK, Charles H (edited bY Primate Social Behavior (Insight Book, 
No I4E) Zin x4hin (I8emxilem) Pp vi+191 (Princeton, N3 D Van 
Nostrand Company, Inc , London D Van Nostrand Company, Ltd , 1963 ) 
195 dollars , 15s 6d * 


Education . Sociology 


HUNTER, Guy Education for a Developing Region a Study in East Africa 
(Sponsored jointly by Political and Economic Planning, and the Institute of Race 
Relations } 82 tn x52 ın Q2cmxi5 em} Pp xvit lt9 (London George 
Allen and Unwin, Ltd , 1963 ) 20s net * 

MASEFIELD,G B Famine Its Prevention and Relief (Three Crowns Book ) 
Ji in x44in (18 5cm<!)] 5cm) Pp vatll7 (London Oxford University 
Press, 1963 3 5s ner * 

MAYS, John Barron Crime and the Social Structure (Society Today and 
Tomorrow ) 8? in x53 in (22 emx15 cm) Pp 256 (London Faber and 
Faber, Ltd , 1963 ) 30s net * 

NIBLETT, W R (edited by) Moral Education in a Changing Society Bin x 
5tin (20cmx Mem} Pp 172 {London Faberand Faber, Ltd , 1963) 21s net * 

PITCAIRN, Leonora Young Student's Book of Child Care (National Assocta~ 
tion for Maternal and Child Welfare ) 7k in x5in (I9emxI25 em) Pp xi-+ 
195 (Cambridge At the University Press, 1963) 9s 6d * 

THOMPSON, W P Graduate Education tn the Sciences m Canadian Univer- 
sities (Studies in Higher Education in Canada, No 2) 94in x63in (23 5 cmx 
16cm) Pp xti-+li2 (Toronto University of Toronto Press, London Oxford 
University Press, 1963 ) 40s net * 

VAIZEY, John The Control of Education 82 in x52 ın (22 emx15 cm) 
Pp 263 {London Faber and Faber, Ltd , 1963 ) 30s net * 

ZNANIECKI, Florian Cultural Sciences Their Origin and Development 
(Hint Books, No Tl) 8:n x5éin QO cmxi4em) Pp vit+438 (Urbana, HI 
University of Illinois Press, 1963 ) 2 25 dollars * 


Miscellany 


BRECH, Ronald Britain [984 Unilever’s Forecast—an Experiment in the 
Economic History of the Future 82in x52in (22 cmxI5 em) Pp xu-+124 
(London Darton, Longman and Tadd, Ltd , 1963) I5s net * 

INDUSTRY AND THE COUNTRYSIDE The Impact of Industry on Amenities 
in the Countryside (The Report of a Preliminary Inquiry for the Royal Society 
of Arts) Director of the Inquiry Dr H E Bracey Research Assistants 
Aadrey Collin and A M Reed 82 tn x53} ın (22 cemxl4 cm) Pp 2614+24 
photographs {London Faber and Faber, Ltd , 1963 Published for the Acton 
Society Trust ) 36s net * 

KING-HELE, Desmond Erasmus Darwin 83 in x5} m (22 cmx 15 cm) 
Pp vin+ t83 (London Macmillan and Co , Ltd , New York St Martin's 
Press, [nc , 1963 ) 30s net * 

KORNHAUSER, William With the assistance of HAGSTROM, © Scientists 
in Industry Conflict and Accommodation 9}1n x6ébin (24cmxI6em) Pp 
xii-+230 (Berkeley and Los Angeles University of California Press , London 
Cambridge University Press, 1962 ) 6 dollars , 48s * 

MICKLEM, Nathaniel Faith and Reason 74 tn x5 ın (19 cmx125 cm) 
Pp 196 (London Gerald Duckworth and Co ,Led , 1963 ) [5s net * 

PROCEEDINGS OF THE SYMPOSIUM ON THE HISTORY OF SCIENCES IN 
INDIA, heid at Calcutta August 4 and 5, 1961 (Bulletin of the National institute 
of Sctences of India, No 21, 1963) 94n x7hIn (24cmx I8 5cm} Pp vir+343, 
(New Delhi National Institute of Sciences of India, 1963 ) Rs 13 75 nP * 

SLAMECKA, Viadimir Science in Czechoslovakia 94 in x64 ın (24 cmx 
TA iA x+175 (New York and London Columbia University Press, 

S 

SLAMECKA, Vladimir Science in East Germany 94 tn x6} in (24 cmx 

16 cm) : LAA i (New York and London Columbia University Press, 


SMITH, Anthony Throw Out Two Hands 8h1n x6in (215 cmx 155 cm) 
Pp 272432 plates (London George Allen and Unwin, Ltd , 1963 ) 30s net? 
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Fig.1 Rate of metabolite excretion is depicted by the lme E and rate 

of metabolite formation by line F Maaimum alama concentration of 

drug occurs at time f, noe Ete of excretion of the metabolite at 
Ime lg 


decrease ın the amount formed, and, 1f so, the acerual of 
metabohte will contmue The maximum rate of excretion 
of the metabolite will occur when the plasma metabolite 
concentration reaches its peak and this may therefore 
occur much later than the peak drug concentration The 
magnitude of metabolite accrual depends not only on the 
relationship of ke to ky, but also on the rate of absorption, 
for three consecutive processes are mvolved After the 
maximum rate of excretion has been attamed, the quantity 
of metabohte excreted per hour exceeds the amount formed 
per hour 

A plot of log amount of metabolite excreted per hour 
against tune ultimately approximates to a straight lme 
(fig 1) The slope of this line can then be closely identi- 
fied with that of the log rate of metabolite formation and 
1t provides an accepted basis for the calculation of ky 
If the excretion of metabolite reaches its maximum when 
xts concentration m plasma 1s maxumum, this will occur 
when its rate of formation and excretion 1s equal The 
plots of log rate of metabolite formation and log rate of 
metabolite excretion will therefore intersect at the point 
where the latter ıs maximum On the basis of these 
considerations the hne representing the log dechne of 
rte aa formation may be positioned approximately 

ig 1) 

In a previous communication‘, we reported that whereas 
peak plasma salicylate-levels may be attamed about 1 h 
after the oral administration of aspirin, the maximum rate 
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of ‘total salicylate’ excretion does not occur until the 
third hour or later Elimination of salicylic acid from the 
body 1s slow and depends almost entirely on the formation 
of metabolites The apparent delay in them excretion 
may be atiributed to metabolite accrual 

A consideration of excretion rate constants may also 
provide an explanation of the urmary findings when a 
drug gives 11se to more than one metabolite Hach mota- 
bolte has a specific excretion rate constant and each will 
consequently attam 1t8 maximum rate of excretion at 
different times A plot of log rate of excretion of each 
motabolite would be expected ultimately to provide a set 
of parallel lines Similarly, a log plot of the rate of exere- 
tion of total metabohtes will only become lmear when the 
foregoing state has been realized and will then ‘parallel 
the log rate of dechne ofthe drug ın plasma ‘The excretion 
of total metabolites 18 a composite function and for this 
reason may show a number of variations until the indi- 
vidual metabolites are excreted ın constant ratio 

The foregomg considerations can be related to the 
observed excretion of salicylate metabolites m urme 
Schachter and Schachter and Manis* have shown that 
after the administration of sodium salicylate the ratio of 
the metabolites ın the urine varied with time This mght 
suggest that the rate of formation of one or more of the 
metabolites varies with tme or with plasma salicylate con- 
centration Cummings’ has suggested that salicylurie acid 
shows an apparent change im its rato of formation as the 
plasma salicylate concentration mereases This will 
cause & change in the ratio m which the metabolites are 
formed and excreted An additional explanation 1s, 
however, necessary, for a plot of log rate of excretion of 
‘total salicylate’ against tıme does not become lnear for 
several hours after a small dose (03 g) of aspirm. This 
dose provides a plasma salicylate concentration below 
that at which the rate of formation of salcylunic aed 
shows an apparent change The observed excretion 
pattern can be explained on the basis thatthe metabolites 
are mitially excreted in varying ratios in accordance with 
the foregomg theory It is not necessary to postulate the 
delayed formation of one or-more metabolites, for the 
uniform decline m log plasma salicylate durmg this 
period indicates that the metabohtes are formed at 
uniform rates. 


1Swintosky, J V ,Robmson, M J and Foltz,E L ,J Amer Pharm Assoc , 
46, 403 (1957) 

£ Chulski, T , Johnson, R H , Schlagel, C A., and Wagner, J G , Nature, 
198, 450 (1963) 

3 Butler, T C , Fed Proc , 17, 1158 (1958) 

‘Cummings, A J , and Martin, E K , Nature, 195, 1104 (1962) 

5 Schachter, D , J Chn Invest , 36, 297 (1957) 

ê Schachter, D., and Manis, J G,J Chn Invest , 37, 800 (1958) 


7Cummings, A J, im Saheylates, an International Sympostum, edit by 
Dixon, A St J, Marim, B K ,Smth,M J H,and Wood, P H N 
(London Churchill, 1963) 


DETERMINATION OF CEREBRAL BLOOD FLOW BY A 
KRYPTON-85 DESATURATION METHOD 


By Carrain LAWRENCE C McHENRY, Jun 


Department of Neurophysiology, Walter Reed Army Institute of Research, 
Washington, DC 


Se the development of the mtrous oxide technique 
by Kety? m 1945 for the quantitative determmation 
of cerebral blood flow there have been a variety of new 
methods proposed for the examination of the cerebral 
circulation Except for the krypton saturation technique 
of Lassen and Munck? most newer methods do not give 
specific quantitative data or are technically difficult to 
perform 


A desaturation method based on the Fick prmerple for 
determination of cerebral blood flow was origmally 
considered feasible by Kety?, but was not utilized until 
reported by Lewis et al* In 1960, Lewis et al * described 
both nitrous oxide and krypton-79 saturation and de- 
saturation methods In 1961, Kempmsky® reported 
using @ nitrous oxide desaturation method, but did not 
give normal values for the method 
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The krypton-85 desaturation method for cerebral blood 
flow determination was developed for three reasons 
First, when the saturation methods of Kety or Lassen are 
used, smooth curves are obtamed only by maimtaming a 
constant concentration of mert gas during inhalation. 
This is easily done when using nitrous oxide, but when 
usmg krypton-85 or krypton-79 special equipment ıs 
needed to mamtain a precise concentration of the tracer 
In the desaturation method the maintenance of precise 
concentration of inert gas during saturation 18 unneces- 
sary. When a desaturation investigation 1s carried out, 
mask leaks during saturation are unmmportant, and no 
special equipment 1s- needed to admimuster the tracer 

Secondly, since there ıs no mask on the patient’s face 
durmg the actual exammation of cerebral blood flow, 
respiration 1s unimpeded and any influence of anxiety on 
cerebral hemodynamics is reduced Thirdly, by using a 
desaturation technique the effect of extra-cerebral con- 
taromation of measurement of cerebral blood flow 1s 
minimized. This ıs the most mportant reason for usmg 
the desaturation technique, ın addition to the ability to 
do away with the face mask! 

The method is based on the Fick principle and ıs essen- 
tially a modification of the Kety—Schmidt technique In 
order to carry out the desaturation procedure, the bran 1s 
first saturated with approxumately 8 pe of krypton-85 by 
re-breathmng ıt for 7 mim ın the closed circuit of a BMR. 
machine or portable anesthesia machine 

During the last mmute of saturation, prior to removal 
of the face mask, continuous internal jugular venous and 
arterial blood samples are obtamed to estimate the 
qualty of krypton in the brain at the end of saturation \ 
After removal of the face mask, contmuous 1-mim jugular 
venous and arterial blood samples (3 cec each) are drawn 
during the first 2 mm of desaturation Individual 3 ‘tc 
blood samples are then obtamed durmg the remammg 
desaturation period at the end of the 2nd, 3rd and 4th 
min and thereafter every 2 mm to the 12thmm A 12-mm 
desaturation period was chosen to provide a slightly longer 
period of exammation than ın the omgmal 10 min of 
the nitrous oxide method This may be of particular 
valuo in patients with a lowered cerebral blood flow 

Blood samples are obtained in 10 ce oied-heparmized 
syringes via 5-stopcock manifolds After removal of the 
syrmges from the manifolds, 7 cc of am are drawn into 
each syringe to a total of 10 ce (8 ee blood~7 ee air) 
Smee krypton 1s 25 tımes more soluble m ai than m blood, 
more than 90 per cent of the krypton 1s released mto the 
air-phaso The air-phase is then myjected mto a glass- 
jacketed Geiger-Muller tube by the displacement of 
mercury and counted on a standard scaler 

The concentration of krypton or the counts per min of 
each sample is plotted agamst time as shown m Fig“ 1 
The cerebral blood flow (CBF) 1s calculated usmg the Fick 
equation *- 


_ (CW) x 2x 100 


CBF HA 
J” (Gv — Ga) dt 


The (C/W) is assumed to be equal to the concentration of 
krypton ın the venous blood at the end of saturation 
(Cv,) mmus the concentration at the end of desaturation 
Cog) j 


Cj W = Cr, = Coz 


The blood brain partition coefficient for krypton, 2; 
has been calculated by Lassen? It 1s constant from m- 


* Cı = concentration of krypton-85 given off by the whole brain during 
12 min desaturation measured from the end of saturation Cy, = con- 
centration of krypton-85 in the cerebral venous blood during 12 min 
desaturation Ca = concentration of krypton-85 in the arterial blood durmg 
12 min desaturation Co, = concentration of krypton-85 in the cerebral 
venous blood at the end of saturation Ceg = concentration of krypton-85 
in the cerebral venous blood at the end of desaturation W = weight of 
brain A-= blood brain partition coefficient for krypton 
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Table i 
Mean SD 


Cerebral blood flow (CBF), ce blood/100 œ brain/min 565 77 
Cerebral vascular resistance (CVR), mm Hg/e e 

blood/100 g brain/min ” 162 089 
Cerebral metabolic rate (CMRO,),c ¢ 0,/100 g brain/min 337 05 


dividual to mdividual with @ normal hemoglobin level 
and is only shghtly above unity, that is, 106 <A value for 
à of 100 was used in these mvestigations In patients 
with anzmua or polycythemia the partition coefficient must 
be taken mto consideration when calculating the cerebral 
blood flow : 


a (Co, at Ova) x 100 


CBF = 
J (Cv — Ca) dé 

Using the krypton desaturation method, mvestigations 
of the cerebral mrculation were performed on 25 normal 
males (mean age 27 years) with the results shown in Table 
1 The mean arterial carbon dioxide tension durmg these 
investigations was 45-93 volumes per cent with S D. 2 94 

A typical normal desaturation curve 1s shown in Fig 1 
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Fig 1 A krypton-85 desaturation curve in a normal male CBF, cerc- 
bral blood flow, co blooed/100 g bram/mm, MAP, mean arterial blood 
pressure, mm mercury, CVR, cerebral vascular resistance, mm mercury/ 
ce blood/100 g bram/min, A-Vog, arteriovenous oxygen difference, 
volume per cent, CMRO,, cerebral metabolic rate, ce O./100 g brain/ 
min, Ago,, arterial carbon dioxide content, volumes per cent 


In order to test the .eproducibility of the method, two 
cerebral blood flow mvestigations (0) were performed on 
the same mdividual, one after the other at an mterval of 
10mm The mean values for five cases were (1) 553ce 
and (2)562ece The individual values (©) are plotted ın 
Fig 2 and mdicate a igh degree of reproducibility 

In order to evaluate the period of time required for 
bram saturation prior to the desaturation imvestigations, 
two cerebral blood flow mvestigations ( x ) were performed 
on six patients The first was done after 7 min satura- 
tion and the second after 15 mm saturation. The mean 
value for the first (1) cerebral blood flow was 45 4, and 
for the second (2) 442 The results (x) of this work are 
also shown m Fig 2 Although the mean CBF values 
obtamed are quite close, m a patient with low CBF there 
was a decrease of 15 per cent between the first, 173 ec, 
and second, 147 ec, CBF value obtamed after longer 
saturation This demonstrates that ın patients with 
diminished cerebral circulation or metabolism a longer 
period of saturation 1s necessary prior to the examination 
of cerebral blood dow 

This method, based on the Fick prmerple, is essentially 
@ modification of the mərt gas method of Kety and 
Schmidt Instead of measurmg the arteriovenous 
difference during saturation of the bram, arteriovenous 
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Fig 2 Values(©)obtamed from two cerebral blood flow investigations 

performed on the same normal mdrvidual (1) after the other (2) at a 

10-man mterval preceded by 7 min saturation Values (x) obtained 

from two cerebral blood flow mvestigations on the same patient at a 

10-mun interval preceded by Q) 7 a saturation and by (2) 15 min 
saturation 


differences during desaturation are measured The 
denonunator of the Fick equation 1s the mtegral of the 
veno-arterial krypton difference durmg desaturation. 
The numerator of the equation 1s the concentranon of 
krypton in the venous blood at the end of saturation mmus 
the amount remaming m the venous blood at the end of 
desaturation 
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The value for cerebral blood flow, 56 5ce, obtaimed by 
this method is simular to values reported by Lewis et al 4 
Usmg krypton-79 desaturation, they obtamed a mean 
CBF value of 573 ce A simultaneous nitrous oxide 
desaturation mean CBF value was 57 5ce These values 
are shghtly higher than that, 54 cc, obtamed ongmally 
by Kety and Schmidt: using nitrous oxide saturation, but 
are less than the mean CBF value, 65 c c , obtained by the 
Schemberg and Stead’ modification. The mean values for 
cerebral metabolic rate, 337 ce oxygen, and for cerebral 
vascular resistance, 152 mm mercury, obtamed by this 
krypton-85 desaturation method are similar to accepted 
values 

The validity of the desaturation method will primarily 
depend on the length of time of saturation prior to the 
desaturation investigation Smee mərt gas equilibrium 
between blood and brain actually takes less than 10 mm 
(about 7 min) to occur’, a 7-mm period was chosen as the 
minimal saturation time for normal imdividuals Although 
only based on six determinations, the actual comparison 
of mean cerebra] blood flow values after 7 and 15 mm 
saturation would mdicate that 7 mim 1s probably adequate 
for normal individuals On the basis of theoretical and 
empirical evidence outside of these results*, however, a 
period of 10-15 min would be preferable, particularly when 
abnormalities of the cerebral c:rculation are bemg imvesti- 
gated 

I thank Drs Niels Lassen, Lows Sokoloff and S. S 
Kety for their advice 
? Kety, S S , and Schmidt, C F , Amer J Physol , 148, 53 (1945) 
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3 Kety, S S , Pharmacol Rev , 3, 1 (1951) 
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EFFECT OF KINETIN ON SENESCENCE AND ABSCISSION IN 
EXPLANTS OF PHASEOLUS VULGARIS 


By DAPHNE J OSBORNE and SUSAN E. MOSS 


Agricultural Research Council Unit of Experimental Agronomy, Department of Agriculture, 
University of Oxford 


UCH of our knowledge concerning the effects of 

plant hormones and related substances on abscis- 
sion has been derived from observations on the abscission 
of leaves and other parts of whole plants, and from 
examination of the control of separation in excised 
segments of petioles or stems which contain abscission 
zones ‘These segments are usually referred to as ‘ex- 
plants’ 

Depending on the concentration, and the postion of 
application relative to the abscission zone, the auxins 
indolyl-3-acetic acid or 2,4-dichlorophenoxyacetic acid 
will either accelerate or retard separation at the abscission, 
zone both ın intact plants of Gossypwum or Phaseolus 
and in ther explants! The effect of gibberellm on 
Gossyprum explants ıs similarly dependent on the 
concentration and position of appheation? <A low 
concentration of ethylene im the surrounding aur 
normally accelerates the abscission of leaves ım mtact 
plants® 4, as well as accelerating separation in abscission 
zones of explants’ A number of naturally occurring, 
non-volatile substances isolated from plant. tissues will 
also accelerate abscission in Phaseolus? or Gassypvum 
explants’ 

From a consideration of the effects of these different 
kinds of substances on abscission ıt would seem that 


there are certain features of cellular physiology which are 
common. to the processes of separation, and that abseission 
occurs only when these conditions are fulfilled Many 
workers have already pomted out that abseission of an 
organ is associated with senescence of that organ, and 
that separation ıs dependent on senescence in the abscission 
zone itself Provided that the senescent condition 18 
attamed, the nature of the agent which brings about 
senescence 1s not critical to the actual processes of separa- 
tion For example, it has been shown! that separation of 
abscission zones ın leaves or explants of Phaseolus does 
not occur so long as there 1s a gradient of pectinmethyl- 
esterase activity from the pulvmar to the petiolar side 
of the zone, but durmg abscission this gradient changos, 
and at separation the pectimmethylesterase activity on 
either side of the zone 1s the same These changes can be 
mduced by ethylene, by a number of different chemical 
defohants or by complete removal of the leaf blade 

It seems unlikely that abscission can be directly con- 
trolled by such different causal agents, 16 1s more hkely 
that each of these treatments results m simular kinds of 
biochemical changes m the cells of the abscission zone 
A decline ın the total protem content and a loss of chloro- 
phyli, both symptoms of senescence, have been demon- 
strated durmg abscission in Phaseolus explants’, particu- 
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larly ın the parts distal to the,zone Evidence of this 
kind suggests that separation of the cells at an abscission 
zone should be examined ım, the wider physiological context 
of cellular senescence 

This article records;some experiments with the plant 
growth regulator kmetin, and the results support 
the view that abseission m explants of Phaseolus is 
primanly a problem of cellular senescence at the 
abscission zone 

One segment, 1 cm long, was cut from the leaf-stalk 
of each of the two fully expanded primary leaves of 
14-day-old plants of Phaseolus vulgaris Each segment 
included the whole of the distal pulvmus, the abscission 
zone and part of the petiole below the zone The segments 
were arranged, groove side up, on notched ‘Perspex’ racks 
embedded in 3 per cent agar ın, 9-cm Petri dishes’ The 
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Fig 1 Acceleration of abscission by application of 0 002 ml of aqueous 
kinetin solution (50 mg/] and 25 mg/l] ) to the pulvinar ends of explants 
of Phaseoitus Controls treated with water 
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Fig 2. Acceleration of abscission by application of 0 002 mi of aqueous 
kinetin solution (50 mg/l and 26 mg/l ) to the petiolar ends of explants 
of Phaseolus Controls treated with water 
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Fig 8 Acceleration of abseigsion bv application of 0 001 ml of aqueous 
kinetin solution (50 mg/l ) to both pulvinar and petiolar ends of explants 
of Phaseolus Controls treated at both ends with water 
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Fig 4 Retardation of abscission by application of 1 per cent kinetin m 
lanolim directly to the abscission zone of explants of Phaseclus Controls 
treated with piam lanolin 


segment from one primary leaf of each plant was treated 
and the segment from the other leaf was a control Twelve 
treated and twelve corresponding control explants were 
arranged ın each Petri dish, and at least two dishes were 
used, for each treatment ın each experment The indi- 
vidual expermments were repeated many times 

Kinetin was made up ın aqueous solution at 10, 25 and 
50 mg/l and measured drops of this solution were applied 
to ether the pulvinar, the petiolar or to both ends of the 
explants with an Agla micro-syrmge fitted with a Vernier 
attachment Similar volumes of distilled water were 
added to each control segment The dishes were kept 
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under humid conditions m a daik 100m controlled at 
245° C The number of explants which had separated 
into two parts at the zone of abseission was recorded at 
intervals, and the results are expressed in Figs. l-4 as 
percentage abscission against the tume in hours from the 
start of the experiment 

When kimetin 1s supplied to the ends of the explant, 
abseission ıs accelerated Appheations of 0002 ml 
drops contaming 25 or 50 mg/l kinetin to the pulvmar 
(Fig 1) or petiolar (Fig 2) ends, or of 0001 ml drops to 
both ends (Fig 3), cause more rapid abscission At the 
lowest concentration (10 mg/l ), kinetin did not affect the 
time of separation 

Applications of kinetin directly to the abscission zone, 
however, retard separation Here, a narrow rmg of 
lanolin containing | per cent kmetin, encircling the lne 
of separation between pulvinus and petiole, effectively 
delays abscission compared with controls treated with 
plain lanolin (Fig 4) 

These results show that, dependent on the position of the 
appheation, kinetin can ether accelerate or retard abscis- 
sion The observed dual role of kinetin ıs therefore not 
unlike that of auxms and gibberellm, both of which 
accelerate or delay abscission depending on their position 
of application and the concentration supphed 

In view of the differences m the chemical constitution 
of these different growth regulators and their known 
differences in physiological activity ın plant tissues, their 
role in abseission processes 18 sought m some function 
which 1s common to them all. 

The retardation of senescence ın leaf tissue by treatment 
with auxins®, kmms” and gibberellins! has been reported 
for a number of different species For auxins and kinetin, 
this effect has been associated with a mamtenance of 
protein and nucleic acid synthesis +5 The treated areas 
have also been shown to act as loci for the accumulation of 
both organic and morgame substances For example, 
endogenous metabolites accumulate ın the parts of md)- 
vidual leaves treated with an auxin™ or kinetin, while 
exogenously applied substances have been shown to 
move more readily into, or to be retained more readily 
within, those parts that have been treated with an auxm!)* 
or kinetin?’. 

Very low doses of an auxm may well become immobil- 
ized at the cut ends of the explant to which they are 
supplied?}8, or, particularly for proximal applications, 
the auxin may fail to be transported the length of the 
segment!* Under these conditions the ends which are 
treated with auxins might then function as loc: of accumu- 
lation Any accumulation of essential metabolites at, or 
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near, these cut ends may well mvolve the depletion of 
other parts of the segment Since abscission zone cells 
will frequently separate before complete senescence of a 
leaf blade 1t 1s possible that the abscission zone 1s particu- 
larly sensitive to the withdrawal of some essential metab- 
olites, which results m an accelerated senescence and 
separation When higher doses of an auxm are supphed!}%, 
all the cells of the explant may receive a sufficient supply 
of the auxin to prevent movement of metabolites from 
any one part to another, and therefore premature senes- 
cence in the abseission zone should not occur In fact, 
abscission 1s then retarded This can be associated with 
the known effect of auxms in retardmg senescence m 
excised leaves’ and with the more recent findings!” that 
auxins mamtain protem synthesis m leaves under these 
conditions 

It ıs proposed that the effects of kinetin on abscission mn 
Phaseolus explants are, hke those of auxins, mediated 
through a control of senescence processes, and are depend- 
ent on the content of kinetin m the cells of the abscission 
zone, compared with those in other parts of the segment 
When kinetm is apphed directly to the zone in lanohn, 
and the local concentration is presumably relatively high, 
this region may act as a locus of accymulation and also 
of high synthetic activity, with the result that senescence 
and abscission are retarded If lunetin 1s supplied else- 
where to the explant, then the cells of the zone become 
depleted of essential metabolites and undergo a premature 
senescence which results in accelerated abscission 

We wish to thank ‘Prof G E Blackman for his mterest 
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INDUCED TEMPERATURE TOLERANCE OF PLANT TISSUE 
IN VITRO 


By Pror, C. A SCHROEDER 


University of Caltfornia, Los Angeles 


HE concept of temperature lesions ın plant tissues 

which may be corrected by exogenous metaboLtes of 
several types! suggests that heat tolerance of such tissues 
might be increased by appropriate manrpulation of the 
environment During a series of investigations of the 
effects of temperature on tissue explants from avocado 
fruit pericarp grown under sterile conditions on agar 
mediat, 1+ was noted that survival to extremely high 
temperatures could be mduced with appropriate precondi- 
tionng treatment Empirical observations mdicated 
that tissue taken from firm, mature fruit will tolerate a 
temperature of 50° C for 10 min with no apparent mmpair- 


ment of subsequent growth potential whereas exposure to 
55° C for 10 min resulted in kılhng of the tissues Incuba- 
tion of tissue at 25° C allows for optimum growth of the 
segments by cell proliferation Ifthe tissue was pretreated 
by exposure to 50° © for 10 min, incubated at 25° C for 
3 days and then subjected to 55° C for 10 mm and again 
mcubated at 25° C for a period of 4 weeks, there appears 
to be survival of the pretreated tissues whereas non- 
pretreated control tissue fails to grow when similarly 
exposed Survival and subsequent growth m this case are 
determined by evidence of mitotic activity which ean be 
detected under the microscope and by increase im fresh 
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and dry weight followmg a standard-4-week final meuba- 
tion period 

The basic technique mvolved 1s that used for tissue 
culture under sterile conditions? Six-dram screw cap 
vials are used, each contamimg 10 ml of Nitsch’s* media 
in which Geigy-138 1ron-chelate 1s substituted for the won 
citrate and with the addition of 10 ppm of indolyl-3- 
acetic acid Periecarp disks 2 mm thick and 8 mm diam 
are prepared from fresh, firm fruits under sterile con- 
ditions The disks are placed on the nutrient agar m the 
vials which are then immersed ın a temperature-controlled 
water bath for appropriate periods Incubation 18 
accomplished in temperature-controlled cabinets at 25° C 
Mitotic activity is observed in those sections which survive 
and show growth. 

A recent review of responses of plant materials and 
bacteria to high temperatures’ imdicates that this 
behaviour can be explaimed on the basis of differential 
reaction rates of synchronous metabolic systems com- 
peting for substrate materials at successively Ingher 
temperatures resultmg i a condition of ‘temperature 
unbalance’ Conditionmg of a tissue by thermal shock 
could inactivate heat-sensitive enzyme systems allowing 
the more heat-labile enzymes to build up products or 
by-products which can then be made readily available for 
further reactions at higher temperatures The results ın 
Fig. 1 indicate a progressive increase in survival percentage 
of individual tissue disks with merease m time followmg 
initial pretreatment Thus in the work recorded here a 
maximum protective response is attamed approximately 
two or three days followmg imuitial sub-lethal exposure 
This high-level survival response 18 maintaimed for a period 
of two or three days and 1s again lost as the pretreated 
tissue develops a state of equilibrium and afterwards 
begins a penod of mitotic activity Control tissues 
untreated by thermal shock show positive evidence of 
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Fig 1 Survival of avocado perlearp tissue to mgh temperature (55° C) 
ən vitro in response to pretreatment temperatures 
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Fig 2 Survival of avocado pericarp tissue (at 55° C) in relation to trme 
Gin days) following pretreatment at 50°C Control not pretreated 
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Fig 3 Growth value (difference between mmtial and final weights) of 
pretreated avocado pericarp tissue disks in vziro exposed to 55°C at 
‘Various times (h) following pretreatment at 60° C 


mitotic activity well under way three days after planting 
on agar nutrient media The non-pretreated control 
tissues in active mitotic condition are killed on exposure 
to ugh temperature at the 3-day period and show no 
further growth Pretreated tissues tested under com- 
parable conditions (55° C, 10 mm) 3 days after pre- 
treatment show mutotic activity and growth at the 
termination of the final meubation period 

Pretreatment at 45°, 50° and 52° for 10 min respectively 
(Fig 1) provides essentially equal conditioning of tissue 
for subsequent high-temperature exposure, but as 
pretreatment temperature time is imereased, there is 
apparent myjury to the tissue and a failure to survive at 
the longer pretreatment exposures of 20 min at 52° C 
Some prelimmary experiments have suggested that 
exposure time of 2-3 min at 50° C can provide sufficient 
thermal shock for the tissue to tolerate the standard test 
of 55° C, 10 min after 3 days’ incubation 

The thermal shock response ıs depicted in Fig. 3 mm 

which the growth valte (difference between mitial and 
final weights) of pretreated disks minus the growth value 
of control disks is plotted agamst time (in hours) after 
pretreatment at which high-temperature test exposure 1s 
made These results suggest an accumulation of a 
substance or the development of a condition which 
provides protection against extreme temperature This 
condition reaches a maximum about 4 days after pre- 
treatment and then declines in effectiveness (Fig 2). 
- The relationship between auxins and other exogenous 
materials to the alteration of protem coagulability as 
affected by heat has been demonstrated by Galston et 
al®. The several theories concerned primanly with 
protem and other organic molecules and their relationship 
with heat and cold tolerance of mtact leaf segments to 
heat have been demonstrated? 

It appears that the phenomenon of heat tolerance can. 
be induced in plant tissue ın vwo and in vitro and that 
tentative explanations are available concernmg this 
response’ ‘The use of tissue cultvre techniques appears to 
offer a refined approach to the testing of the phenomenon 
and to aid m. possiblé analysis concerning some of the 
biochemical reactions which may be involved 
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LETTERS TO 


— PHYSICS 

-= Observations of the Zeta Spectrum in the - 

ae ae, | Paes he 8 Ses 2 è 

~ — Wave-length Range 16 A-400 A 

 Seeorgosoorro studies of Zeta! 

out in the importa ) 
_ Previous investigations in the vacuum ultra-violet have 
_ been mainly confined to the region between 400 A and 
2000 A using a variety of vacuum grating spectrometers 
with both photographic and photoelectric detectors. Thus, 
spectral line identifications have been made by Butt et al.) 
and Fawcett et al.4, Measurement and interpretation of 
the temporal variation of spectral line intensities have 
been made by Burton 
measurement of the Doppler profiles of spectral lines has 
been made by Jones and Wilson’, More recently, cbser- 
< vations have been made by Heroux*:7, who measured the 
_ relative intensities of spectral lines in order to determine 
~ the electron temperature, using a grazing incidence rocket 
_ monochromator‘. 
-Recent observations using grazing incidence spectro- 
Meters designed and built at Culham have extended the 
_ Tange of measurement down to 16 A, and it is the purpose 
-of this letter to give an early survey of these results. Two 
instruments were used in this work. The first is a 1-m 
instrument? with both photographic and photoelectric 
recording, using a 1,080 line/mm original grating ruled at 
the Nobel Institute, Stockholm, and operated at 5° 
grazing angle. This is a laboratory instrument designed to 
examine high-temperature plasmas, and has been used for 
the photoelectric studies and for accurate wave-length 
‘calibration of strong lines in higher orders. The second is 
a rocket instrument with 











o common impurity elements carbon, 
in their helium-like and hydrogen- 
re shown in a section of Zeta 
1: This was obtained with 
recorded on Kodak S. W.R. film. 
deuterium at 0-5 ra torr pressure to 
f air and a trace of argon were added. 
ached a peak of 630 k.amp, and an 
ing magnetic field of 1,040 gauss was applied. 
ation of the strongor lines is indicated in Fig. I 
ails are listed in Table 1. The shortest wave-length 
far observed is at 16-0 A and is tentatively identified as 
» Lyman. B line of OVIIT. 
b). 170 A-212 A. Above 50 A the spectral lines are 
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sfactorily. An important 
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are now being carried — 
t wave-length region below 400 A. 


and Wilson®, and Hobbs et al’, and. 


of the solar spectrum as observed by 











Fig. 1 . 
Tousey et al™, 
Behring et al.4, and Hinteregger!, and these lines also 
remain unidentified. The Zeta spectrum in this region is. 
reproduced in Fig. 2, together with the solar spectrum of 
Tousey ef al. The wave-lengths of the more intense Zeta 
lines have been measured in the fourth and fifth order 
using first order neon reference lines*!*.14 and the weaker - 
members in the first order using oxygen. standards', 
These wave-lengths and their approximate lative inten- 
sities have been listed in Table 2 together with 16 Wave- 
lengths and relative intensities of some of the sol: 
The latter have been derived by Al 
lished**-?? and circulated data. — 
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It is clear from Fig. 2 and Table 2 that, with a few excep- 
tions (notably the solar line at 201-9 A), these lines match 
in wave-length within the errors of measurement and have 
similar relative intensities. There can be little doubt that 
many of these lines arise from the same transitions in the 
two sources. This is of some importance since the pro- 
duction of the lines in the laboratory strengthens con- 
siderably the chances of identification. } 

These lines from Zeta cannot be identified as being due to 
known impurities present or introduced in the filling gas, 
that is, carbon, nitrogen, oxygen, neon and argon, as the 
addition of controlled quantities of these elements failed 
to produce the expected changes in their intensities. 
` Furthermore, the lines are still present when the discharge 
is operated in a mixture of neon and argon (that is, without 


Table 2. UNIDENTIFIED Lines BETWEEN 170 A awp 212 A 


g Zeta lines ; Solar lines 

AAS + (À) Relative FRENE + tA) Relative 

intensity intensity 

171-06 Ho Hi T7106. - Od 1i 
17402 0-02 10 174-48 1 10 
17526 G02 8 17528 ti 1 
177-22 O02 5 i 17728 GL 8 
17078 0-02 9 l 
180-41 O02 9 186-39 1 30 
182-18 0-02 & 182-19 0i : 3 
184-83 0-02 6 184-37 1 4 
184-80 02 G l 
1852S poz 8 18726 G1 I 
186-86 0-02 & 186-86 — &L 8 
188-29 0-02 8 15535 4 8 
193-84 0-05 5 403-43 G-L 5 
195-14 0-05 8 195-48 Ol 7 
196-64 G02 6 196-73 Gi Loe 
301-11 0-03 3 
201-72 005 3 ; 

7 201-88 Od 14 
202-00 0-05 2 
2OZ 84 0-02 5 
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208-02 002 3 
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wall during the discharge-cycle. Work to extend 
identification of the Zeta spectrum is proceeding and 


includes investigation of the unknown. lines between 
This work represents the initial phase of a general 








_programme at Culham Laboratory to develop grazing. 
incidence techniques for the study of high temperature | 


plasmas. s 1 7 rock , 
graph described, together with a number of other instru- 


ments designed to investigate solar radiation, in the first 


British stabilized rocket during the coming year. _ 
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Magnetic Effects in the Far Infra-red Spectrum 
of Nitrogen Dioxide (NO2) 


Tx this communication we report the first observation of 
magnetic splittings in the far infra-red spectrum of a 
simple molecule. These effects can be predicted quali- 
tatively from the free radical nature of the molecule and 
quantitatively from the analysis of the microwave spect- 
rumi, An earlier search in this region? failed to exhibit 
these effects, due to lack of adequate resolving power. 
With the attainment of resolution of 0:10 em! by interfero- 
metrice methods, the phenomenon can now be observed. 

The magnetic interactions which produce the sphttings 
observed in the spectrum of nitrogen dioxide (NO,) 
involve a coupling of the odd electron spin to the magnetic 
moment generated by rotation of the molecule. The 
principal term involved is the indirect coupling term, which 
ean be treated as a mixing of the excited electronic states 
of the molecule with the 2E ground-state. This coupling 
has been treated by several authors, and Curl and Kinsey* 
have reduced all these treatments to a common. basis. 
Lin’s formulation of the theory is the most convenient for 
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7 the] present problem". This theory has been. extended to 

the case of finite asymmetry*; but the symmetric top 
approximation (by = 0) is adequate for present purposes. 
‘The complete equations for the energies of the two 
magnetic levels J = N + $ and J = N — } are given 
by equations (la) and (1b), with the coupling constants 
shown i in equation (2): 
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ce the Wang asymmetry parameter. 
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values a _ ealeulate ng e 

coefficients. for the energies of a ‘slightly 

asymmetrie top to 5th order in asymmetry. 

The rotational transitions were calculated 

on the IBM 7090 computer at the Massachu- 

setts Institute of Technology, and the out- 

put cards from this programme were then 

carried through a simple splitting programme to give the. _ 

final spectrum complete with relative intensities. A > 

contour matching the. observed | spectrum in resolution = 

has been produced from the theoretical ‘results and ne a 

compared directly with the observed spectrum as shown 

in Fig. 1.. Magnetic effects are present. throughout pe 

the spectrum, but in most cases the well-split lines are 

overlapped by other strong lines, The region 70-80 emt 

happens to be free of this sort of overlap, and the — 

regular progression of doublets is a set of related lines — cs 
In Fig. 1, pe 

theoretical profile has been displaced towards high — 

frequency by 0-1 cm“, to. match the observed curve. 

Otherwise the observed curve is in agreement with the 

predictions from the microwave spectrum. — 
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There is one very important Faota between a 
microwave spectrum and a high-resolution far infra-red 
spectrum, and this lies in the ease of analysis. In the 
microwave region one sees data which are at once too 
detailed and too narrowly selected from the entire rota- 
tional spectrum. Possession of the far infra-red spectrum 
allows one to look first at broad patterns and to. proceed 
smoothly through increasing degrees of complexity in the 
analysis. Two of the writers of this paper have been 
concerned with both types of spectra and can state from 
experience that the ratio: of times expended in analysing 
spectra in these two régions is about. one mi mth of work 
in the microwave spectrum per hour of wi x 
infra-red. Whenever the spectrum of si 
atomic free radical is obtained i in both th 
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Sedimentation of a Large Number of 
Particles as a Cluster in Air 


Iw an attempt to explain the distribution produced on 
the ground by the sedimentation of particles from an 
“instantaneous point source” under the influence of the 
wind, Davies! assumed that the particles fell with their 
Stokes velocity and had no influence on the rate of fall of 
neighbouring particles. The complicating factors of the 
differing settling velocities, resulting from an extended 
range of particle sizes, and turbulent diffusion, from the 
influence of the wind, make it difficult to test this assump- 
tion under his experimental conditions. It would, however, 
be remarkable if particles did not affect each other when 
falling through air as a cluster, as they do in other fluids’, 

An examination has been made of the sedimentation of 
clusters 25-90 em diameter, composed of small spherical 
particles of glass and also of ‘Diakon’, through still air. 
In each case the particles were exhaustively sieved through 
sieves which complied with B.S.8, 410 and dispersed as a 
roughly spherical cluster, the initial distribution along the 
horizontal axes being Gaussian. An attempt was made to 
obtain a. Gaussian distribution vertically, but this was 
abandoned when it was found that the behaviour of the 
cluster was independent of the distribution of the particles 
_ for a given size of cloud. Three different types of behaviour 
have been observed all of which indicate mutual inter- 
ference in the sédimentation of the particles. In all cases 
the rate of fall of the cluster exceeded the terminal 
velocity of the individual particles. 

With ‘Diakon’ particles less than 64p diameter, clusters 
approximately 50 cm diameter which contained approxi- 
mately 2 g of material fell initially as roughly spherical 
vortices with vertical axes. The circulation of the particles 
in these clusters was downwards in the centre. This 
observation was in accord with the behaviour of suspen- 
sions in liquids and similar, though of opposite sense, to 
the rise of masses of hot moist air to form cumulus clouds®. 

When the particles were larger (> 150p) the behaviour 
of the cluster changed. Immediately on release a circula- 
tion of the same nature as above was set up; this was 
transient and the particles became distributed in the form 
of a bowl (Fig. 1), These bowl-shaped clusters were 
formed in all cases when the terminal velocity of the 
individual particles was greater than about a third of that 
of the sedimentation rate of the cluster as a whole. It 
would appear that this distribution of particles resulted 
from the inability of the individuals to rise at the edges of 
the vortex at a sufficient velocity to maintain the vortex. 

When the weight of material dispersed was increased 
the cluster fell in a turbulent manner. The mass at which 


Fig, 1. Bowl-shaped cluster of falling particles, (Courtesy H M,S,0.) 


turbulent behaviour set in mereased with increasing 
particle size and increasing density of the disperse phase. 
G. W. BLACK 
War Department, 
Chemical Defence Experimental Establishment, 
Porton Down, 
Salisbury, Wilts. 
i Davies, D. R., Proe, Camb. Phil. Soe., 46, 506 (1960). 
* Slack, G. W., Nature, 200, 466 (19063). 
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GEOPHYSICS 


‘A Solar Anisotropy in Cosmic Radiation, 
viewed from a Terrestrial Frame of Reference 


Iv is generally recognized that a solar anisotropy in the 
primary cosmic radiation must be responsible for at least 
part of the observed terrestrial daily variation of intensity. 
although it seems that the exact nature of this contribu- 
tion is not yet clear. However, Rao, McCracken and 
Venkatesan! have recently presented a method of determ- 


ining the characteristics of a daily variation of this type. 


Their method takes into consideration the influence of the 
Earth’s magnetie field and in particular they emphasize 
the part played by the asymptotic cones of acceptance of 
cosmic ray detectors: Consequently, using experimental 
values of the daily variation of neutron intensity averaged 
over the year 1958, they have been able to postulate a 
type of anisotropy which appears to account for tho 
complex manner in which the amplitude and phase of the 


first harmonie of the daily variation depends on the 


geographical location of the detector. However, it would 
perhaps be truer to say that they predict that if the 
Earth's atmosphere and its magnetic field were removed 
the annual mean diurnal variation of intensity observed” 
at the Harth’s surface would have the following charac- 
teristics: {1} the diurnal variation would be independent 





December 28, 1963 


of rigidity m the range 1-200 GV, (2) the amplitude 
would vary as the cosine of geographic latitude and the 
time of maximum would be m the direction 85° to the 
east of the Earth—Sun line, (3) the maxumum amplitude, 
observed with narrow-angle detectors at the equator, 
would be 0 4 per cent of the average primary flux - It 1s 
proposed to deseribe here the co-ordinate transformations 
which relate these important characteristics to those of a 
solar anisotropy specified in the frame of reference m 
which its orientation 18 fixed 

Following Rao et al , let us suppose that the intensity 
anisotropy is fixed ın the co-ordinate system the reference 
planes of which are the ecliptic and the plane normal to it 
thiough the Earth-Sun hne In this framework let us 
specify the anisotropic component of the total intensity as 
Al,(#) cos A cos (b—,), where A is the amplitude con- 
stant, I,(R), the average cosmic ray differential rreidity 
spectrum, A, the ecliptic latitude of the detector, and y, its 
direction of viewing in the plane of the ecliptic, measured 
eastward of the Earth-Sun line, with d, the direction of 
maxumum imtensity In what follows ıt will be more 
convenient to refer the direction. of viewing mn the plane of 
the ecliptic to the direction of maximum intensity and 
express ıt as b—~d, We now have to transform to the 
terrestrial co-ordinate system the reference planes of which 
are the equator and the plane normal to 1t through the 
Earth-Sun line 

Transforming first to the conventional ecliptic system, 
specified by the plane of the ecliptic and the equinox, the 
spherical co-ordinates of the direction of viewmg become 
A and da +b—o, where Ag 1s the ecliptic longitude im the 
direction of maximum intensity The corresponding co- 
ordinates in the terrestrial equatorial system, specified by 
the equator and the equinox, are the geographic declina- 
tion § and the right ascension «a+9— 9), where ca 1s the 
nght ascension of the direction of maximum intensity and 
@—@, are the directions of viewing and of maximum 
intensity in the plane of the equator, both measured east- 
ward of the EKarth-Sun lne We can now transform 
simply from one set of co-ordinates to the other by rota- 
tion. of the axes of one of the co-ordmate systems through 
the angle « without change of origin, e being the obliquity 
of the ecliptic Projections on the appropriate axes yield 


cos A cos (Aa +b— to) =cos § cos (xat @— Oo) (1) 
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and 
_cos.A sin (Ag+ — to) =cos È sm (%a+——p) 
+sin Ò Sin e (2) 


Since the maxımum difference between ecliptic longitude 
Aa and right ascension &a never exceeds about 2 5 degrees 
(cf values for the Sun in the Nautical Almanac) ta can be 
substituted for Ag in equations 1 and 2 Expandmg and 
combining equations 1 and 2 to eliminate sin b, we 
obtain: 


cos A cos ($ — po) =[1— (1 — cos e)sin?gajcos 8 cos (¢ — po) 
= = cos 8 sin 202 SIN (p— go) 


+sinesin Ò SIN Qa (3) 


The right ascension of the anisotropy, Qa, 18 a = Cs + Po» 
where a, 18 the Sun’s right ascension We can replace po 
by p, since, like àa and ga, the two constants never differ 
by more than about 2 5 degrees Therefore makimg these 
substitutions ın equation 3 and multiplying through by 
AI (ER) wo finally have 


AI (E) cos A cos (4 — bo) = AI (R) {[1 ~ (1 — cos e) sin? (as + 
Po)] cos 8 cos (o—-by) — es cos § sin 2(as -+ bo) sm 


\ 


(o—,)+sin esm 8 sin (as +5)} (4) 
= ÁI (R) {[1—0 0826 sin? (a+ %o)] cos 8 cos (gp) 
“ —0 0413 cos è sin 2 (as+0,) sm (p—,) - 
-+0 3979 sin ò sin it for «= 23° 27’ 


On the right-hand side of equation 4 the amsotropic 
component of primary intensity 1s expressed as a function 
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of geographic latitude, time of day relative to local noon, 
and day of the year as specified by gs, which, for practical 
purposes, can be regarded as the right ascension of the Sun 
at transit at Greenwich The co-ordinates § and ọ refer, of 
course, to the asymptotic direction of viewing of a cosmic 
ray detector with respect to primaries of rigidity R 

It may be of interest to mention an application of 
equation 4 to observations of the intensity of sunlight 
falling on unit area of the Earth’s surface In this case, 
bo=0 and the conditions for sunrise and sunset are that 
v=+7/2 The solutions for ọ then give the approximate 
sundial times of sunrise and sunset at the latitude 8 at the 
time of the year specified by «, The co-ordinates § and ọ 
may be likened to asymptotic directions of viewing since 
the atmosphere, and therefore refraction, has been 
disregarded 

We note that AI,(R) cos A cos (b—d,) transforms to a 
solar diurnal variation and a total intensity term AJ,(R) 
sin e sin ò sin (&s + VWa) to which 1t reduces at the geographic 
poles Thatıs to say, at the poles the anisoti opy manıfests 
itself as a small seasonal variation of the total mtensity 
The expression for the diurnal variation at other latitudes 
allows the seasonal vanations of amplitude and phase to 
be worked out For example, at the latitude of Hobart 
(43° 8 ) these amount to a small semi-annual variation of 
amplitude, the maximum departure from the mean bemg 
less than 10 per cent, and an almost negligible (less than 
5- degrees) semi-annual variation of phase Spurious 
sidereal and anti-sidereal effects are absent 

The annual mean expression for the anisotropy ıs 
obtained by integrating equation 4 with respect to ts, 
giving 


AI,(R)cosAcos(—,) = AI (R) (A2208 cosdcos (p — Yo) 


= 0 9587 A cos 8 cos (9p — Yo) for e= 23° 27’ (5) 


Therefore ıt happens that on the yearly average the 
amsotropy postulated by Rao et al would exhibit the 
same characteristics, except for a slight difference m 
amplitude, whether viewed from the terrestrial frame of 
1eference or from that in which its orientation was fixed 
As might be expected a simular result would be-obtamed 
if the orientation were fixed m the plane of the Sun’s 
equator instead of the plane of the ecliptic However, 
seasonal variations of amplitude and phase would be more 
pronounced and small apparent sidereal and anti-sidereal 
effects would be generated 

If the latitude dependence differs from cos A, the 
characteristics of a solar anisotropy may become greatly 
modified on transformation to the terrestrial frame of refer- 
ence The cases A cos, A cos? A cos p, A cos? A cos) and 
A cos’ A cos p will be discussed elsewhere Although 
transformation procedures for a srmple type of sidereal 
amsotropy will also be mentioned a more detailed treat- 
ment may be found ina paper by L Davis? 

In conclusion, 1t 1s hoped that the method outlined here 
may have indicated the need for correct transformations 
(a) when the characteristics of the anisotropy m its rest 
framework are to be deduced from the annual mean daily 
variation observed in the terrestmal frame of reference, 
after accounting for the mfluence of the atmosphere and 
the Earth’s magnetic field, (b) when the day-by-day 
contributions which the specified anisotropy makes to the 
daily variation and to the total mtensity of cosmic 
radiation in the terrestrial frame of reference are to be 
determined and the seasonal offects calculated 
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Dissolved Gases in East African Lakes 


ACCORDING to the knowledge we have concerning the 
voleamic gases of Nyiragongo, the nearest voleano to the 
Lake Kivu ofall the volcanoes of the Virunga Range, which 
constitutes the natural dam behind which Lake Kivu has 
formed, I cannot agree completely with Dr Kevin Burke’s 
and Prof G Mueller’s views regarding the origin of the 
dissolved gases of this Lake (Nature, 198, 568, 1963) 

In 1959, we were able to collect gases close to, and even 
on, the permanent lava lake of Nyiragongo volcano?! The 
sampling conditions were exceptionally good, in fact the 
best available so far with similar ones encountered by 
Shepherd® and Jaggar® in 1919 at the Halemaumau lava, 
lake of Kilauea (Hawan) Our own analyses, like those of 
Shepherd, showed no trace of methane But all of them 
disclosed relatively high contents of unoxidized gases 
carbon monoxide (average amount) 17 per cent of the 
‘active gases’ (other than water, mitrogen + argon, 
oxygen) at Kilauea, 52 per cent at Nyiragongo and 
hydrogen (1 9 per cent for both Kilauea and Nyiragongo), 
moreover, Kilauea had also a sulphur content attaming 
3 6 per cent of the ‘active gases’ 

The nitrogen/oxygen average ratio in our four best 
Nyiragongo analysis ıs 10/1 5, and the nitrogen content 
(1 65-14 5percent)1s qute different from that which should 
beexpected should atmospheric oxygen have been. consumed 
m oxidation of methane It seems difficult to accept the 
idea, of all ‘juvenile’ methane having been oxidized prior 
to its escapmg from vents situated very close to the 
molten lava lakes, while sulphur, carbon monoxide and 
hydrogen, on the contrary, are still present im significant 
proportions 

On the other hand, methane has been found only in 
those voleanic gases—-collected relatively far from the 
raolten lava—on volcanoes situated in a geologically quite 
different situation, namely, m orogenic belts: * Ambrym 
volcano (New Hebrides)‘, Guadeloupe’, Santorm‘, Nova- 
rupta and the Valley of Ten Thousand Smokes’, Kluchev- 
skn’, Bezymianny1®, Asama Yama?®, etc 

The analyses of the occluded gases ın the lava (melilite 
basanite) of Nyiragongo™ show no methane but 23 per 
cent carbon monoxide and 13 per cent hydrogen for 60 
per cent carbon dioxide and 4 per cent nitrogen. This 
very high content of unoxidized gases (36 per cent), the 
low content of nitrogen (4 per cent) and the total absence 
of methane, all argue against a juvenile origin hypothesis 
of methane ın the waters of the close-by Lake Kivu On 
the contrary, methane has been found occluded in the 
lavas from orogenic belts Tuscany ignimbrites!*, Mont 
Pelée (Martinique), Novarupta'4 

All these facts show, I think, that the absence of 
methane m the voleanie gases of Nyiragongo 1s original, 
and is not due to atmospheric oxidation 

Therefore, the high methane content of Lake Kivu 
should not be attributed to volcanism, and most probably, 
as Kufferath and Schmitz have supposed, is of biogenic 
origm; while carbon dioxide, the mam constituent of 
the Nyiragongo ‘active gases’, would be of a juvenile 
origin 
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TAazwrr’s conclusion that the presence of substantial 
amounts of carbon. monoxide and hydrogen in gas from 
Nyiragongo rules out the possibility of juvenile methane 
existing at depth 1s not justified since oxidation of methane 
by steam according to the reaction CH, + H,O =C0 + 3H, 
would yield just the gases that appear ın his analyses 
This reaction has been investigated at one atmosphere! ? 
at which pressure equilibrium hes well to the mght My 
hbrary facilities are limited and I have been unable to 
find an account of variation with pressure, but clearly high 
pressure will shift the equlibrium towards the left 
Oxidation of methane by steam 1s not, of course, atmo- 
spheric oxidation and I regret the omission of a reference 
to alternative means of oxidation in my original com- 
munication. 

If methane ıs a widespread constituent of magmatic 
gas at depth its occurrence in surface gas from orogenic 
belt volcanoes may be correlated with their generally 
explosive character Slow upwelling of lava, as at 
Kolauea and Nyiragongo, might permit complete oxidation 
of methane by steam while rapidly rising gas, characteristic 
of the orogenic belts, might not be completely oxidized 

I regard the nitrogen content of voleanie gas from a 
lava lake as of limited value in assessing the extent of 
atmospheric oxidation because oxygen can be added to 
the magma without nitrogen through reaction on, the lake 
surface and subsequent reduction of oxidized material 
carried downward by convection. 

A final answer to the question of origin cannot be given 
until more complete analyses (and especially isotopic 
analyses) of the Lake Kivu gas are available for com- 
parison with the excellent results obtained for gas from 
Nyiragongo by Tazieff and his colleagues 

Kevin BURKE 
~ Department of Geology, 
University of the West Indies, 
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Primary and Secondary Arcs in the 
Scandinavian Caledonian Chain 


Pror J Tozo Witson et al! have given an outline of 
the European Caledonian and Hercynian mountains 
Regarding the Scandinavian Caledonian chain these authors 
mention that secondary arcs can readily be made out m 
Sweden, and that igneous rocks of primary ares are exposed 
in the Lofoten Islands off Norway 

I agree that secondary arcs can be made out in Sweden 
With regard to the Lofoten Islands, rhenium/osmium 
determmations of molybdenites from these Islands gave 
the pre-Caledonian ages 2080 and 2290 milhon years? 
According to my investigations other Norwegian coast 
districts form parts of primary ares 

The Scandinavian Caledomian chain became mactive 
tectonically i Devonian tıme The chainis now weathered 
down, and parts of it are beneath the sea We can, 
however, still trace a narrow mountain system? (Fig. 1) 
The primaiy arcs he through the followmg Norwegian 
counties Moro and Romsdal, Nordland, and Troms The 
arcs are now exposed as Caledonian gneisses and schists 

The junctions of these arcs at which secondary arcs 
formed are in central and in northern Scandinavia ‘The 
secondary ares consist of two parts, an uplifted massif o1 
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Fig 1 The Scandinavian Caledonian cham, an mactive nalrow 


mountam system 


welt of the Precambrian basement, and, further fram the 
primary arcs, a basin with thrust and folded Caledonian 
sediments For example the south Norwegian sparagmute 
region, with the Precambiian basement exposed in 
windows, forms a part of the uplifted massif, and the Oslo 
region 1s a preserved part of the corresponding basin of the 
southern secondary arc 

The graben corresponding to the southern secondary are 
1s exposed in the south Norwegian sparagmite region 
Drilling has shown evidence of a buried graben’, which 
corresponds to the northern secondary arc 

I HERNES 
Geological Institute, 
University of Bergen, 
Norway 
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METALLURGY 


Uhlig Model of Oxidation Kinetics 


Ir is well known that a space charge region 1s usually 
present ın semiconducting oxides at metal-semiconductor 
junctions due to equalzing of Fermi levels at the june- 
tion! Uhhg? has pointed out that this space charge layer 
may be a determing factor for growth rate and for 
growth law. Specifically, Uhlig proposes that the space 
charge layer lumits the flow of electrons (and thus the flow 
of 10ns) from metal to oxide, so the variation of the space 
charge layer characteristics with film thickness determmes 
the growth law The purpose of this communication 1s to 
pomt out some basic errors in the treatment of the model 
so that further development of this approach, as well as 
comparison with new experimental results, can be fruitful 

The first objection to the treatment of Uhlig (see 
equation (5), ref 2) 1s the misinterpretation of the posi- 
tion co-ordinate œ for the total film thickness y(t) in 
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Poisson’s equation This leads to the appheation of 
physically meaningless boundary conditions, because the 
conditions are imposed for certam values of y(t) [y(t) = 0 
and y(t) = I] corresponding to certam fixed points m time, 
instead of for certain values of x [for example, x = 0 and 
v = y(t)] which hold for all time In particular, the Uhhg 
treatment leads to a non-conservation of electrical charge 
during growth, provided the surface charge 1s constant at 
the azr-oxide interface as claimed? The predicted effects 
of space charge on rate are enhanced enormously for 
growth of thin films, smce the parameter | denoting the 
extent of the space charge region ın very thick films thus 
F e OR into the equations for growth of very thin 
s 

The second objection is the reduction of the metal-oxide 
work function by the electron affinity of oxygen adsorbed. 
on the oxide even when the oxide film thickness 1s greater 
than the maximum distance which the electron can pene- 
tiate ito the oxide from the metal crystal m a one-step 
process (for example, tunnelling or field emission into the 
oxide) We therefore offer the following modified derrva- 
tion of the logarithmic law based on the same model 

An integration of Poisson’s equation 


aay E 4nne 


de st (1) 
for a constant density n = n, of trapped electrons of 
charge e = — |e] gives 

dV 4nny|e| 
Ts ~ ZO+ — e (2) 


where V(x) ıs the electrical potential, v 1s the postion 
co-ordinate ın the oxide normal to the metal surface with 


s is the 
electrical field ın the oxide at æ = 0 due to the charged 
particle mterfacial density, c, at + = 0, q 1s the charge per 
particle at æ = 0, and s 1s the dielectric constant of the 
fim Further mtegration of equation (2) gives the 
electrical potential difference [V(~) — V»] from the 
interior of the metal to a point v in the film 


2 = 0 being the metal-oxide inte:face, #(0) = 


Vie) — Vo = ~E) + (3) 

The physically meaningful boundary conditions for the 
problem are constant electrical potential inside the metal, 
which can be designated as the zero of potential [V, = 0] 
and over-all charge neutrality of the oxide-metal system 
Any charged defects produced in the film mduce an equal 
but opposite charge in the metal at æ = 0 Thus for the 
case of zero surface charge density at + = y(t), which 15 
the outer surface of the oxide film 


Zrnole| , 
— a" 
€ 


y(t) 4m, |e| _ 4rn,le] 


BO = PP de = ye) A 
0 
and equation (3) reduces to 
Vie) = — El tyle — a] (5) 


Denoting by » the Fermı-level Æ, of the neutral bulk oxide 
minus the Fermi-level Em of the neutral metal, the total 
potential ¢(#) for an electron at position v ın the oxide with 
respect to the mtenor of the metal is 


Ge) = ẹ — V(r) = 9 + | Via) (6) 


The injection of an electron from the metal mto the 
oxide generally takes place agaimst a potential barrie: 
The thickness of the barrier for thermionic emission 1s 
approximately one lattice constant a, but concervably 
there could be thermal excitation to excited states with 
subsequent tunnelling through barriers of some greater 
thickness We denote by è the maximum tunnel thickness 
for the particular barrier €(@) given by equation (6) 
[0 < x < 8], this parameter 5 must be computed or 
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obtained expermmentally for any given system, but ıs of the 
order of 50 Å If y(t) <8, then electrons can tunnel from 
the metal to adsorbed oxygen at the oxide-oxygen mter- 
face For this case, the activation energy AZ for oxidation 
is given approximately by the difference m potentials at 
x = 0 andz = y(t), minus K, where K 1s defined as the 
electron affinity of adsorbed oxygen on either the metal 
(y(t) = 0) or on the oxide (y(t) > 0) Usmg equations (5) 
and (6) 


AE = Jej | o-K+ armele yine] (y(t) <8) (7) 


Since y(t)< 5 for this case, the term m y(t)? 1s generally 
small compared with 9 — K (05-1 eV)? so long as 
no <10'8/em’, which we arbitrarily call the small space 
charge hmuitin this work For this lmuting case 


AE x lelle — K) (8) 


This 1s the same expression as the one suggested by Uhhg’, 
although the present derivation is valid only m the small 
space charge limit and for film thicknesses y(t) less than 
the maximum tunnel distance § For y(t) <8 1n the large 
space charge limit [n,)21018/em*], equation (7) must be 
used to obtain AH 

For y(t)> 8, the parameter K cannot serve to aid the 
electron in 1ts ınıtıal escape from the metal crystal, which 
ıs assumed to be the rate limiting step Equation (6) 1s 
then applicable, with x replaced by 8° 


AE = je] t(8) = lello + 2e 


Zrmlel | ayia — a }] 


£ 
(y(t)> 8) (9) 


For y(t) > 8, 


AE ~ Jej E + 


E€ 


y| 
Using an expression for the particle current J [note that 

dy(t)/dé œx J] equivalent to that used by Uhhg?* 
J œ e ~ AREF (11) 


the following growth laws are obtained for the several 
limiting cases given above for AE 


(a) for y(t) <8 and ny € 10%8/cm%, 
dy(t) 


“a = A’ exp | -leite — K)jkT | (12) 
(b) For y(t) < andn, > 101%/em!, 
dy{t 2rn,le ) 
oy) A’ exp| — lel lo — K + i y(t)? 5 ee | (13) 
(c) For y(t)> 8, 
dy({t : 4nn,le|d ) 
WO _ a’ oxp[ -ie fe + EE yoj er] o 
Thus the relation 
y(t) = ky log (L + 4/7) (15) 


is obtamed by integrating equation (14), where k, 1s given 
by [ekT'/(42n,|e|*8)] and tıs given by (k,/A’) exp ([elo/kT) 

Note from these results that for a given magnitude of 
space charge the value for k, 1s increased by ratio 1/8 over 
that given ın ref 2, where / represents some maximum 
width of the constant space charge region Since 6 hes 
between 5 and about 50 A, and L~ 6 x 10-4 em, 1/8 ~ 10° 
to 104 (Alternatively, this work requires an increase in 
the density of charged traps by this factor to give a certam 
value of k,) Furthermore, m equation (14) the space 
charge term is competing with the large value » compared 
with the much smaller value of fọ — K] as given ın ref 2, 
so that a change ın rate ıs relatively slower to manifest 
itself in equation (14) In other words, the + for equation 
(15) 1s found to be of the order of (1/8) exp {'e|K/kT} larger 
using equation (14) than is obtained m the work of 
ref 2 Since K ~ 3-4 eV, this factor ıs approximately 
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exp (+100) (Alternatively, for a given + these equations 
requue a much smaller metal-oxide work function p The 
ọ must have a value of about 0 5-1 eV corresponding to 
the (9p — K) m ref 2) 

A lnear growth law ıs obtæamed from equation (12), 
and a growth law with a sharper cut-off at the limiting 
thickness than the logarithmic law ıs obtained from 
equation (13) These two laws are not expected to be 
very important, however, because of the restriction to film 
thiclmesses less than about 550A Tt should be mentioned 
that the Uhhg model does not provide for an electronic 
transport mechanism for yv > ð In addition, ionic trans- 
port 1s totally ignored Thus some mechanism for easy 
ionic transport must be assumed in order to have any 
growth at all, and some easy electronic transport mechan- 
ism for x > § must be assumed ın order to obtain film thick- 
nesses greater than $ 

This work 1s not extended to the diffuse space charge 
layer? The case for any distribution of non-diffusing 
space charge can be treated in the above manner provided 
the expressions can be integrated An equilibrium distri- 
bution of charged defects, however, 1s the wrong basis for 
examining space charge effects ın growing oxide films? 

In summary, then, the correct use of Poisson’s equation 
and the application of physically meanmgful boundary 
conditions to the Uhhg space charge model for the logarith- 
mic growth law has revealed that the predicted concentra- 
tion of charged defects must be increased by a factor of 
103-104 and the metal-oxide work function decreased by 
almost an order of magnitude to yield an appreciable 
effect on growth rate Thus a charged defect concentra- 
tion greater than approximately 1018/em®, and a work 
function lower than about 0 5 eV are prerequisites for this 
model to be applicable to the growth of thin oxide films 

I thank K D Granzow for discussions, and Dr H H 
Uhlig for a private communication 
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Diffusion of Oxygen in Tungsten and some 
other Transition Metals 


Strmger and Rosenfield) have recently calculated some 
activation energies for diffusion of oxygen in transition 
metals, which were not otherwise available One of these 
metals was tungsten In a plot of activation energy 
versus melting point of the solvent, the authors attempted 
to show that tungsten and other metals dissolving less 
than about 1 per cent oxygen lay on a straight line through 
the origin; while those metals dissolving more than about 
I per cent oxygen fell on a straight line, which did not 
pass through the origin and which had a small negative 
slope ‘The lne through the origin was supposed to be 
indicative of a normal lattice distor tion mechanism and the 
other line an 10n1zation mechanism 

Diffusivity data for oxygen in tungsten are now aval- 
able following an mternal friction study? The exper- 
mental activation energy 1s observed m Fig 1 to fit the 
‘high-solubility’ lme of Stringer and Rosenfield Assummg 
that a real difference in diffusion mechanism does underlie 
the ‘low-’ and ‘high-solubihty’ hnes, the possibility of 
correlating the solubility with the mechanism now seems 
more remote 

The ‘high-solubility’ Ine can be explaimed in the same 
terms of elastic strain as the lne through the orgm 
Zener’s well-known theory of D, predicts a linear relation- 
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Fig. 1, Heat of activation for diffusion of oxygen in various transition 
metals having the melting points shown 


ship between the energy of activation (AH) and the melt- 
ing point of the solvent (Tmp) when: 


AS 

s a 
XT) as 
E Saa. | Bap t 
= where AS is the entropy change, and Band K are constants. 
- Since AS and 8 are always positive, a negative slope (that 


areva 


is, negative K) can only result when -p 


GEREDE ; mp 
F) as 
Tase AL > 22. his condition ia indeod met, as 
shown. by the plot of theoretical AS/8 versus Tmp in Fig. 2, 
and the good agreement with experimental points. The 
point for tungsten is the only one deviating to an appre- 
ciable extent from theory, and this is probably due to the 
instability of the internal friction peaks and a resultant 
high D,. This instability would be expected to have a 
negligible effect on AH. Theoretical entropy changes were 
calculated from Zener’s equation, AS = BAH/T mp, using 
8 = 0-4and the A H’s listed in Table 1. The experimental 
values of AS were obtained from the formula, D, = ‘yay? v 


Tas = K 


is negative and 


exp = using y = 1/6, v = 10™/sece and the lattice para- 


meters (@,) and D,’s appearing in Table 1. 
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Table 1. LATTICE PARAMETERS OF SOLVENT METALS AND DivRUSION 
CONSTANTS FOR OXYGEN IN THESE METALS __ E 
: oot an (OES 
Solvent a (A) D, (em*{see) 2 \mole; 
Zr 8-609 (862° C) (ref. 3) 0-0453 (ref. 4) 28,200 (ref. 4) 
Ti 3°32 (900° C) (ref. 8) 0-083 (ref. 5) 1,200 {r 
Yy 3-039 (ref, 3) O13 (ref. 67 l 
Nb 8-301 (ref, 3) 0:021 (ref. 6) 00 
Ta 3-303 (ref. 3) 0-0044 (ref, 6) 
Ww 3-165 (ref. 3) 3 {refs} 
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Boron Constituents in Low-boron Steel 


Tr has been demonstrated by autoradiography that, in 
steel and related alloys containing boron, this element 
sometimes segregates to grain boundaries of the matrix. 
This has to be taken into account when considering the 
damaging effect of neutron irradiation, boron-10 capturing 
neutrons and emitting lithium and helium. 

To determine the degree of boron enrichment by identi- 
fying possibly existent boron-containing phases, thin foils 
of a steel containing 0-0026 per cent boron have been 
examined by selected area electron diffraction. The 
material was austenitized at 1,110° C and isothermally 
transformed at 650° C for Lh. This treatment is known to 
reveal the presence of particles of a. particular: boron 
constituent in the rim of ferrite whichis formed along the 
austenite grain boundaries!.. Such particles are shown in 
Fig. 1, which is a transmission electron micrograph of a 
thin foil steel specimen. When comparing the electron 
diffraction patterns obtained from these particles (Fig: 2) 
with known crystallographic data for conceivable boron- 
containing phases, correlation was found for Fe,B and 
FeB. 

This result is interesting both from the point. of view of 
the application of such material in nuclear reactors, men- 
tioned here, and as an advancement of the methods of 
detecting boron enrichment. Previously the necessary 
beron content in alloys in which segregation could be found, 
by autoradiography, was 0-005 per cent?. As to the exis- 








Fig. 1. Boron constituent particles (thin foil, x e, 28,700) T eo 
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2, Diffraction pattern of area containing Fe,B (full arrows) and 
¥eB (dashed arrows) 
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tence of FeB in addition to Fe,B, this is not unexpected, 
since FeB has been found by electron microprobe analysis 
in a steel containing 0-1 per cent boron’. 

I thank. R. Attermo and B. Lehtinen for the electron 

microscope work and the Aktiebolaget Atomenergi for 
ae permission. to publish this communication. 
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CRYSTALLOGRAPHY 


Similarity of Octacalcium Phosphate and 
Hydroxyapatite Structures 


Tue formation of lamellar mixed crystals of hydroxy- 
apatite and octacalcium phosphate have been postulated 
by Brown et al.) to account for ‘defect apatites’ and other 
properties of precipitated calcium phosphate salts. One 
of the mechanisms they suggested for the layering is that 
of epitaxial overgrowths, since some similarity of structure 
owas recognized. The similarity which Brown? demonstra- 
ted, however, is not nearly so striking as the similarity 

that: can be shown. 

Brown recognized that both the hydroxyapatite and the 
octacalcium phosphate structures have alternating chains 

of calcium and phosphate along the ¢ axis. Also, that 
octacaleium phosphate has part of a hexagon that is 
present in hydroxyapatite. Hydroxyapatite has flattened 
hexagons made of alternating calciums and phosphates 
around the hydroxyl positions. In advancing along the c 
axis of the crystal these hexagons are shi fted 60° so that 
the projection of these on a single plane places the cal- 
ciums and the phosphates in regular hexagons. The 
phosphate hexagons are slightly larger than the calcium 
hexagons. Brown showed that octacaleium phosphate 
has four of the six positions of each hexagon. 

The more striking similarity is shown in Fig. 1. In this 
partial picture of oetacalcium phosphate the complete 
- hydroxyapatite structure can be seen except for the 

hydroxyls. The hydroxy] ions would be at the corners of 
the hydroxyapatite unit cell. In the case of octacalcium 


.- phosphate these positions. are filled instead. by. water 
~~ molecules (not. shown) i m the upper corners and by hydro- 
~- gen phosphate in the lower corners (one shown, P number 
ae 14). ‘Hexagons are formed around the axis of the columnar 


ee — Phosphorous 
=O Oxygen. 
a O Calciom 





HA unit cell 


OCP ż unit cell 
fqh————-_______________»'} 


Big. L Atomie eee nary in ottacalefum phosphate for the plane e 
equal to approximately 025, The numbers given correspond to the 
numbering system used by Brown (ref. 2) 


calciums such as around position 1, 2. There are two 
distinct types of hexagons: one quite regular (A) and the 
other distorted slightly (B). The distortion is due to 
shorter phosphorus to columnar calcium distances than 
the hexagonal calcium to columnar calcium distances. 
The two types alternate with each other along the ‘c’ axis 
for both hydroxyapatite and octacalcium phosphate, that 
is, in the second plane of the unit cell in each crystal the 
positions of the two are reversed. More precisely, the 
second plane is the same as the first except for a 180° 
rotation of the hydroxyapatite unit cell content, including 
the water and hydrogen phosphate. 


Table 1. COMPARISON oF Distances In Hyproxyraravite (HA) AND 
OUCTACALCIUM PHOSPHATE (OCP) 
Hydroxy- Octacalcium 
Positions apatite phosphate * 
Columnar calsium to hexagonal calcium 
Regular hexagon 3°95 BOL + 0-06 
Flattened hexagon 4-03 4-02 + 0-08 
Cohimnar calcium to phosphorus 
Regular hexagon 3-80 364 + POB 
Flattened hexagon 3°20 3-24 + 0-06 
Columnar calciums to oxygens in plane of 
Regular hexagon 2°43 243 + 0-04 
Flattened hexagon 244 244 + 0-06 
Columnar caleiums to oxygens out of plane of 
Regular hexagon 3 + 
Flattened hexagon 2°77 ¢ 2 86+ ie 16 
Hexagonal calchims to oxygens in plane and 
inside 
Regular hexagon 271 2-79 + 0-03 
Flattened hexagon . 2-36 2:37 + 0-05 
Hexagonal ealciums to oxygens in plane and 
outside 
Regular hexagon 2-36 2-40 + 0-03 
Flattened hexagon 3 + 3 + 
Hexagonal calciums to oxygens out of plane of 
Regular hexagon 3 + 3 + 
Flattened hexagon 2°51 2-52 + 0-06 
Hexagonal ealchims to oxygens 
Adjacent planes (ustal chains) 2:37 2:36 + 0-02 
(exceptional chain) — 2-24 


+ Tn each unit cell there are more than one of the described distance 
relationships. In hydroxyapatite these distances are essentially identical 
but in octacalcium. phosphate they are quite variable, hence an average + 
the standard deviation is given. 

t The distances for octacaleiam phosphate were calculated from the unit 
cell parameters given by Brown (ref. 2)-and those for hydroxyapatite from 
those given. by Posner ef al. (ref. 3). These hydroxyapatite distances agree 
within 001 A with those Maa by Posner except in the case marked 
with a dagger, where the difference is 0-08 A 


Table 1 compares t the dimensions of the two hexagons in 
the two structures. The two crystals are seen to contain 
almost identical hexagons. The distances in octacalcium 
phosphate are generally a few hundredths of an A larger 
than in. hydroxyapatite. _ The distances between calciums 
and phosphate are shorter in one of the chains along the ¢ 
axis than the other 3 in a.1/2 unit cell of octacalcium phos- 
phate or the 6 in hydroxyapatite. 

This view -of the two crystals suggests an explanation 






more rapidly han hydroxyapatite, even though the latter 
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1s more stable To explain the difference in growth rate, 
let us consider the lower edge of the figure as the surface 
of either crystal Whether ıt grows hke octacalerum phos- 
phate or hydroxyapatite would appear to depend on 
whether a phosphate (atom 14) or a hydroxyl :on fills the 
corner position of the hydroxyapatite unit cell The 
hydrogen phosphate 10n pictured here has oxygen to 
calcium distances of 2 37, 2 39 and 2 63 A and a hydrogen 
bond of 246 A (20-36). A hydroxyl m the position of 
oxygen number 35 would have only two comparable 
calcium to oxygen. distances, and only a weak hydrogen 
bondifany This difference plus the fact that the hydroxyl 
10n in the surrounding solution would be present in much 
lower concentrations than the phosphate ions under 
physiological conditions would make ıt appear that 
generally there will be many more phosphates than 
hydroxyl m the surface positions The size of the phos- 
phate 1on would prevent the completion of the hexagon 
around the hydroxyl position necessary for the hydroxy- 
apatite structure since two of the hexagon positions are 
occupied by oxygens of the central phosphate (atom 14) 
Thus, phosphate appears to act like a crystal poison for 
lateral growth Consistent with this hypothesis hydroxy- 
apatite tends to form long needles! The greater stability 
of hydroxyapatite appears logical since 1t achieves much 
better packmg than does octacalcrum phosphate There 
are two calcrums in each half of the ‘water layer’ of octa- 
calerum phosphate (not shown here) close to those that 
they would have as columnar calcium ın hydroxyapatite, 
but they are surrounded by only seven oxygens rather 
than the nine they would have in hydroxyapatite In 
addition, the octacalctum arrangement creates a channel 
down, the middle of the octacalerum unit cell along the 
c-axis, m which two water molecules are loosely held as 
shown by the ease with which they are lost}? 

I thank Mr Robert Reedy for assistance with the com- 
puter and Dr Isaac Feldman for advice 
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CHEMISTRY 


Production of Acetylene from Coal, using a 
Plasma Jet 


Tue plasma jet 1s a convenient tool for the production 
of high temperatures (8,000°-15,000° K) It has been 
shown, 1n these laboratories, that the thermal decomposi- 
tion of coal ın a pure argon plasma results in about 
20 per cent conversion of the carbon in the coal to carbon 
m acetylene, and that the addition of 10 per cent of 
hydrogen to the arc gas increases this conversion to about 
40 per cent The high-temperature stability of acetylene? 
and the rapid quenching provided by the jet are the maim 
factors favouring this conversion 

The expermments were carried out with a plasma jet 
of conventional electrode arrangement, similar to that 
used by Leutner and Stokes? for the conversion of meshane 
to acetylene but with easily removable electrodes. An 
electric arc was struck between a tungsten rod which 
acted as the cathode and a copper tube as the anode The 
electric power was supplhed from a welding generator, 
with an open circuit voltage of 80 V The power consump- 
‘tion was about 6 kW with the pure argon plasma, 
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Fig 1 Gas-chromatographie analysis of hydrocarbon gases Methane, 
0014 per cent, ethane, 0001 per cent, ethylene, 0005 per cent, 
propane, 0 004 per cent, acetylene, 0 54 per cent 


mereasing to about 9 kW when operating on the argon/ 
hydrogen mixture 

A high-volatile coal (83 6 per cent carbon, 5 3 per cent 
hydrogen, 77 per cent oxygen dry-muneral-matter-free 
basis, National Coal Board Rank Code No 802) was 
ground to passa 72 B § meshsieve The material was fed 
at rates of up to 1 g/mm into the plasma jet from a 
fluidized bed by a subsidiary stream of argon The coal 
was at first introduced mto the primary gas feeding the 
jet, but this resulted m severe erosion of the electrodes 
The coal/argon mixture was, therefore, passed mto the 
region of intense heat through a single small hole drilled 
radially in the anode The gases leaving the jet passed 
mto a steel cooling chamber and were afterwards collected 
in a large polythene contaimer Chemical analyses were 
carried, out either on the total gas sample in the polythene 
container (for wet chemical analysis) or on samples taken 
from the contamer (for gas-chromatographie or infra-red 
analysis) 

The reaction products from the thermal decomposition 
of the coal m the plasma jet were almost entirely either 
solid (soot) or gaseous, there being negligible amounts of 
material of tarry nature that normally results from the 
thermal treatment of coal at relatively low temperatures 
and at slow rates of heating 

Gas-chromatographic analysis of the arc gas (Fig 1) 
showed that acetylene represented more than 95 per cent 
of the hydrocarbons present Calculation of the pei- 
centage conversion of the carbon im the coal to carbon in 
acetylene indicated that the yield of acetylene is con- 
siderable at the temperatures and under the thermal 
gradients prevailing in the jet, although the concentration 
of acetylene in the arc gas was low owing to the high 
throughput of argon (about 10 1/mm) Maximum 
conversions of 25 per cent with pure argon and 45 per cent 
with an argon/10 per cent hydrogen mixture have so far 
been obtamed with the present apparatus Hydrogen, 
carbon monoxide and hydrogen cyanide (from the mtrogen 
in coal) are the other mam gaseous components formed 

The elementary analyses of the soot are somewhat 
sumilar to those found for carbomzed coal that has been 
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heated in the temperature range 600°-800° © This 
suggests that at least some of the coal may not have 
reached the high temperatures associated with the are 
Optical and electron microscope investigations imdicate 
that the majority of the soot particles are in the submicron 
range 
We thank Mr L A Kung, of the Electrical Research 

Association, Leatherhead, for his advice on the construc- 
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Research Association for permission to publish this 
communication. 
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Detection of Nitric Oxide by Gas- 
chromatography 


In an investigation on the feasibility of usmg gas- 
chromatographic methods to determine the oxides of 
nitrogen ın gaseous mixtures such as Diesel exhaust gases, 
we have successfully used a standard argon 1on1zation cell 
to detect small volumes of mitric oxide The lumt of 
detection was of tho order of 001 pl A glass column 
was used, packed with molecular sieve No 54, and fitted 
to a Pye panchromatograph 

The nitric oxide-argon mixtures used were prepared by 
serial dilution In order to lmit the extent to which 
oxidation of the nitric oxide could take place during the 
preparation of nitric oxide~air mixtures, the following 
procedure was adopted <A mitric oxide-argon mixture 
contaming 0 1 per cont nitric oxide was first prepared, and 
aliquots contammg the required amounts of nitric oxide 
were transferred to evacuated gas tubes These tubes 
were fitted with side arms closed with serum caps through 
which air was then admitted by the insertion of a hypo- 
dermic needle A comparison of the peak heights obtained 
from nitric oxide-argon mixtures with those obtamed 
from nitric oxide—air mixtures 1s given in Table 1 


Table 1 A COMPARISON OF NITRIC OXIDE—ARGON AND NITRIC OXIDE-AMR 
MIXTURES 


Peak height response (mm) 


Nitric oxide (ul ) Nitric oxide~air Nitric oxide~argon 


mixture mixture 
0i 38 0 660 
0 08 310 39 5 
0 06 275 310 
0 04 170 195 
0 02 $0 90 
601 60 60 


Column, 5 ft length molecular sieve No 54A at 100°C, detector, argon 
ionization cell, 1,760 V, argon flow-rate, 36 mI /mm 


In the presence of oxygen (air) some oxidation of the 
nitric oxide occurred, but this diminished as the volume 
of added nitric oxide was reduced 

We have confirmed the results of previous workers??, 
who mdicated the necessity of pretreating the column 
(‘conditioning’) ın order to obtain reproducible results 
We have also been able to observe the non-linearity of the 
adsorption isotherm as an appreciable increase in reten- 
tion time with decreasing nitric oxide concentration 
This 1s shown for the range 01—-lul ın Fig 1 In Fig 2, 
these chromatograms have been superimposed to show 
that the peak maxmmum appears to follow the trailng edge 
of the nitric oxide response As the retention time is a 
function of the amount of nitric oxide added, 1t should be 
possible to use this measurement for analytical purposes 
in place of the more usual peak height or peak area 
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Fig. 1 Relationship between retention time and amount of miric 
oxide added 





Fig 2 Superzmposed chromatograms of various amounts of mitric oxide 


response This would give increased accuracy at the lower 
concentration-levels where the retention time can be 
recorded more accurately 

P. J Kierra 

P G JEFFERY 

Warren Spring Laboratory, 
Department of Scientific and Industrial Research, 
Stevenage, Herts 


1Lefort, M , and Tarrago, X , J Chromatog , 2. 218 (1959) 


*Sakaida, R R., Rinker, R G , Cuffel, R F, and Corcoran, W H , Anal 
Chem , 88, 32 (1961) 


Temperature as a Variable in lon-exchange 
Paper Chromatography 


TEMPERATURE 18 a vaniable which has received relatively 
little attention ın chromatographie studies This ıs 
particularly true of paper chromatography in which more 
attention 1s grven to controlling temperature as an aid to 
reproducibility than to using temperature to effect 
rmproved resolution. 

In 10on-exchange column chromatography effective use 
is made of changes m temperature’. The advantages 
claimed, however, are mainly associated with improved 
kmetics of the chromatographic process Specific effects, 
such as varying positions of chromatographed peaks, 
which cannot be assigned sumply to the temperature 
dependence of pH have been observed but no systematic 
examination has been made of the effect of temperature 
on selectivities 

This communication is an account of part of a general 
investigation of the effect of temperature on ton-exchange 
paper chromatography and was stimulated by the results 
of an earher investigation which demonstrated the marked 
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Chromatograms showing the effect of temperature on one-dimensional separations of amyno-acids on Whatman ‘Zeo Karb 225’ 


resin-loaded paper Developmg solvent, 02 M, pH 31 (20°C) oa UB ut Temperature of development, (a) 3° C, (b) 20°C, (c) 45°C, 


dependence of ammo-acid sequence on non-ionic ‘nte1- 
actions between amumo-acid side-cham and exchanger 
matrix? 

Whatman ‘Zeo Karb 225’ resm-loaded paper (expert- 
mental product) was used throughout this mvestigation, 
the paper bemg used in its dry sodium form Standard 
solutions of individual amimo-acids, contaimng 02 g of 
amino-acid in 100 ml of 001 N hydrochloric acid, were 
apphed as mdividual spots along a hne 1 in from one 
edge of a $ ın x 4m sheet of paper according to prev- 
1ously described methods? Ascending development with 
02M, pH 31 sodium buffer was carried out ın a glass 
tank 7in highand5m x 3m meross-section The tank 
containing the solvent was placed m a thermostatically 
controled oven and the solvent allowed to attam the 
temperature of the oven before development of the 
chromatogram 

Chromatograms obtained at different temperatures are 
illustrated ın Fig 1 pr values of the mdividual amino- 
acids and pH of the developing solvent at different tem- 
peratures are recorded m Table 1 


The amino-acids were applied to the paper m a sequence 
which allowed easy comparison of different side-chain 
structures This is llustrated ın Fig 2, which is a repro- 
duction of the separation at room temperature 

Fig 1 and Table 1 show that there 1s a general increase 
in Er values of the amino-acids with mcreasing tempera- 
ture and that the changes ın temperature are accom- 
panied by changes in the relative positions of the md.- 
vidual ammo-acids 

The degree of separation of the amino-acids 1s determ- 
med by the resultant of selective interactions between 
charged sites on the exchanger and on the amino-acid and 
between exchanger matrix and amimo-acid side-chain At 
room temperature, under the conditions of development 
used in this mvestigation, non-ionic mteractions exert a 
significant influence on resolution At elevated tempera- 
tures the non-ionic binding forces weaken relative to the 
1onic binding forces and as a result the relative rates of 
movement of the ammo-acids change The largest changes 
are associated with those amino-acids which interact most 
strongly with the exchanger matrix 


Table 1 EEFpOT OF TEMPERATURE ON Ry VALUES AND BUFFER pH 






Buffer | Buffer 

temp pH His Arg Asp Glu Ser 
3 22 0 02 001 0 40 0 29 0 42 
315 0 02 001 048 0 34 0 43 
3 00 0 04 0 02 0 61 0 49 0 52 
2 85 0 07 0 02 0 72 0 58 0 60 





ti el | ete | | | TN INN | i | YY | NE nt | Hythe a | Setanta EPA WW 


rrr eit | | I | Hin | EN | NE | TT | ah, | HEN | Tit | NN aa | hatha} TT | Nts | TATA‘ 


Rp values 

Thr Gly Ala Val Leu Tyr Phe Pro Cys 
0 46 0 30 0 30 0 28 013 0 05 0 65 ~~ 019 
0 47 32 0 32 0 28 013 0 06 0 06 ameer 025 
0 58 0 40 0 40 0 36 015 012 012 0 45 0 39 
0 64 0 58 0 57 0 48 0 32 0 24 0 23 na 0 59 
















( Origin 
Baste side Acidic Hydroxy Aliphatic Aromatic | Dramimo 
chain side aliphatic side chain side cham 
chan side chain 






Fig 2 


Temperature dependence of pH (Table 1) and ionization 
of the amino-acids will also contribute to variation of Ry 
values with temperature Each of these effects will tend 
to suppress the other, however, such that their resultant 
influence on Ry values will be relatively small” 

The significant effect of changes in temperature on the 
Rp values of the acidic ammo-acids cannot be explained 
m the foregomg terms, however, smce the low degree of 
ionization of these, relative to the other, ammo-acids does 
not support sufficiently strong mteraction between their 
side-chain structures and the exchanger matrix 

It has previously been suggested that, by vutue of their 
low degree of iomzation, the acidic amino-acids are 


retarded relative to the other groups by the operation of an ` 


10n. exclusion effect? In the case of these amimo-acids, 
therefore, the dependence on temperature of Rr values 
probably results from a’ change in diffusion rates within 
the exchanger leading to a reduced selective penetration of 
these amino-acids at higher temperatures, 

The influence of changes in temperature on zone 
definition 1s masked m ion-exchange paper chromato- 
graphy by the sumultaneous effect of temperature on rate of 
flow of the developing solvent Some increased sharpness 
of zone formation with increasing temperature was 
observed, however 

The foregoing results have shown that temperature can 
be used, particularly, to vary the relative mfluence of 10me 
and non-ionic binding forces between amino-acids and 
exchanger and ın consequence the relative rates of movo- 
ment of amimo-acids on a chromatogram 

I thank the directors of W and R Balston, Lid , for 
permassion to publish this work 

C 8 Kyigeur 

Whatman Research Laboratories, 

W and R Balston, Ltd, 
Springfield Mull, 
Maidstone, Kent 
! Moore, S , and Stem, W H,J Biel Chem 192, 663 (1951) 
2 Knight, © S, J Chromatog., 8, 205 (1962) 


Kinetics of Isotope Redistribution Reactions 


WHEN a hydrocarbon with N equivalent, exchangeable 
hydrogen atoms 1s subjected to protrum—deuterrum 
exchange, molecules with 0,1, 4 . N deuterrum atoms 
are formed, which we shall denote by D; and their 
fractions by. d. Neglecting isotope effects, the 
average degree of deuteration o, expressed by 
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N 
o = y2% (1) 
which changes azcordmg to the exponential rate law for 
exchange!” 
Let us define a set of variables u, 
ies a. Ts J d (2) 
t= (— aw Per er 
za Geet Ss 
Then the variable u, 1s directly related to o 
N 
y= — È gd; = ~ No (3) 
g=1 


and the exchangs rate law ın terms of u, (at time = t) 
becomes 


Uy ~ Uy(00) = [u,(0) — u,(co)] exp (— Akt) (4) 
where A contains the dimensions of the system under 
investigation 

Redistribution (or equilibration) experiments constitute 
another case of isotope reactions Here, the initial distri- 
bution of the isotope over the various isotopic species is not 
binomial (equilibrium ‘statistical’?). Equlbrum 1s 
approached by redistribution of the isotope withm the 
same chemical compound the average degree of deutera- 
tion o (or u,) 18 constant and hence equation (4) loses its 
meaning 

We have found from a, fairly involved argument, the 
details of which will be: published shortly®, that the rate 
law governing redistribution reactions is analogous to 
equation (4) The variable u, 1s thus defined, according to 
equation (2), by 
X 9} 

t= 2 g-a (5) 
and ıt follows from exponential kmetics 

Us — Us(oo) = [u(0) — ua(%0)] exp (—A’k’t) (6) 

Two commenis, elaborated elsewhere®, concern the 
analogy of the kinetics for exchange (4) and redistribution 
(6) First, the ratio of k (4) and k’ (6), as evaluated 
from corresponding systems, provides information about 
the reaction mechanism Secondly, the redistribution 
rate law (6) lacks the complete generality of that for 
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Fig 1 Data of Wnght and Taylor (ref 4) (experrment denoted as B9) 
on the redistribution of hydrogen isotopes m methane over a nickel 
catalyst plotted accarding to an expression equivalent to equation (6) 
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exchange (4). It might fail for some, conceivable but 
presumably rare, reaction mechanisms. It certainly does 
hold for a ste rocess, that is, one proceeding by 
consecutive reactions, or for any process in which only ons 
isomer D, (and, consequently, Dy_,) exists, as is the cago 
for methane. _ 

Fig. 1 illustrates the application of the redistribution 
rate law (equation (6)) to literature data‘ for methane. In 
this case (N = 4) u, equals: 1[CH,D,] + 3(CHD,] 
+ 6(CD,j. The complementary function 1[CH,D.] + 
3(CH,D] + 6[CH,] may, of course, be used equally well. 
The previous‘ analysis of these kinetic results, based on 
exponential kinetics for each of the isotopic species, is 
without foundation. Such kinetics will only hold for 
either special initial conditions or for special mechanisms. 

The simplest redistribution reaction concerns N = 2. 
The example most frequently investigated, particularly in 
heterogeneous catalysis, is: 

| H, + D, 22HD 

Exponential kinetics for [HD] (and the other isotopic 
Species) are commonly observed. This result is another 

illustration of the redistribution rate law (equation. (6)), 
>c Since t, = [D,], and [HD] is linearly related to [D.] by the 
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Partition Coefficients and Biological Activities 


Ir was found! some time ago that the toxicities O; of 
many physically toxic compounds could be estimated by 
the equation: 


Logis C)/Cp = kP (1) 
where kis a constant equal to 0-012, Cp is a measure cf the 
intensity of the toxicity, and P is the parachor, which is 
used as a measure of molecular volume. Equations 

_. similar to (1) have been used successfully for the estima- 
no tion of partition coefficients®, 2, for organic compounds 
oo ents and water and of solubilities?) of 
water. When substances interact 
inple, by hydrogen bonding with the 
rm Ea is required in the equation so 


























w = hP + Ea (2) 
ested? on figures given by Collander‘ 
3 « between isobutanol and water 
d. water with k equal to 0-012 as 
ters and alcohols K4 values were 








cts of substituents on the biological 
tic acids as plant hormones and on 
ria for analogues of chloromycetin 
wo variables. The first is the well- 
factor o and the second ~ is the 
of the partition coefficients of the 
substituted, xH, compounds respec- 
land water at about 27° C. From 


0-012(PS — PH) + EyS—E4# 

(3) 
values of x for unionized 
es do agree well with 9-012 
‘uents contain only carbon and 
t48 — EaR would be expected 
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to be zero. The parachors were calculated by a method 
previously described’. Except for fluorine attached 
directly to the aromatic nucleus #45 — E AH for halogen 
compounds is about + 0-35 (Table 2). The positive sign 
means that the interactions have increased the solubility 
in l-octanol relative to water. All other interactions have 
so far been found to be negative. In the estimation of 
physical toxicities and solubilities no interaction terms 
seemed to be required for alkyl and aryl halides?*, 
Figures for ortho-substituents are not given in Table 2 or 
itself interact with water and groups close to each other do 
not appear to interact independently?, The B48 — Hyak 
values calculated for the other. groups. are: 3-OCF,, 
+ 0:28; 3-SCH,, — 0-49; 3-NO,, — 0-57; 4-NO,, —0-61: 
3-OCH,, — 0-64; 3-SO,CF,, — 0-72: -3-OH, — 0-78; 
4-OCH;, — 0-79; 4-OH, — 0:89; 3-CN, — 0-92; 4-CN, 
- 0-91; 3-COOH, - 0-97; 4-N=NC,H,, — 116; 
3-COCH;, —1:38; 4-COCH,, — 1-44; _3-NHCOCH,, 
— 221; 3-S0,CH,;, — 2-77. With the exception of 
3-OCF,, all these values are negative. | 





Table 1 


Substitution x 9-012 (PS = Pa) 


Table 2 

(012 (P~ PH) B? pH 
+ 00? 
+ 0-08 
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The equation {3) should prove useful for the estimation 
of values of xr. The term 0-012(P5. — PE) can be calcu- 
lated immediately. It will be the same whenever a given 
substitution is made and equals = when the substitution 
involves only addition of carbon and hydrogen. The By 
values for an isolated interacting group and a given type of 
organic solvent appear to be nearly constant?:* so that it 
will often be possible to suggest a value for #54 — EH 4. 
However, interaction energies do depend on the solvent 
and too much confidence should not be placed in values 
obtained from the partition coefficients because l-octanol 
might give interaction energies which differed considerably 
from those for the biophase. Hansch et al.® realized this 
and when the value of r of — 1-26 for 3-80,CH, from 
l-octanol proved unsatisfactory, they suggested that a 
value of m equal to — 0-47, which gave good agreement 
with all the biological results, should be used. 
J. O. McGowan 
Imperial Chemical Industries, Ltd., 
Research Department, 
Welwyn Garden City, 
Herts. 
*Metiowan, J. C., J. App. Chem., 2, 328, 661 (1952). 
*MeGowan, J. C., J. App. Chem., 4, 41 (1954). 
* Deno, N. C., and Berkheimer, H. E., J. Chem. and Eng. Data, 5, 1 (1060). 
t Collander, R., Acta Chem. Seand., 5, 774 (1951). l 
* Hanseh, C., Maloney, P. P., Fujita, T., and Muir, R, M., Nature, 194, 
178 (1962). i 
* Hansch, C., Muir, R. M., Fujita, T., Maloney, P. P., Geiger, F., and 
Streich, M., J. Amer. Chem, Soe., 85, 2817 (1963). 
7 McGowan, J. C., Ree. Trav, Chim., 78, 198 (1958). 
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- Molecular Configuration of Benzil and ‘o-Pyridil | = 3 : P : nea 
i oa oh a DR AL eee er aie Oe sii te ie ie i na e VEE ea senzil GL yri 
- Tue molecular configuration of benzil has been the This work 4,686 em (st, sp) 1,715 cm- (st, sp) 


object of considerable interest for some time because of 1,672 em (sh) 1,692 cm- (st, sp) 


_ unusual physical characteristics, such as its large optical P 1,652 emt 


veri 


_ rotatory power. Caldwell and Le Fevre? measured its 
< dipole moment in several solvents and compared it with 
-that of phenanthroquinone, which is planar and contains 


as < bwo cis carbonyl groups. From the lower (3-5 D) eleetric 


-dipole moment of benzil these authors concluded that the 


: -molecule must be skew and that the two C,H,—C=O 
-` halves must lie in two different: planes making an angie of 
-oo 90°~100° with each other. 





= Knaggs and Lonsdale? compared this suggestion with 
their X-ray diffraction results and found that it was 
quite reasonable. Furthermore, they concluded that 
neither a planar cis nor a planar trans configuration was 
acceptable for the interpretation of their X-ray data. 
Finally, Le Fevre et al.” have estimated from dielectric 
and Kerr constants that the molecule is twisted about the 
a=C—C==O bond. 

In connexion with some work on 2,2’-dipyridyl glyoxal 
(a-pyridil), we have recorded the infra-red spectrum of 
benzil and of the foregoing substance. Comparison of our 
“results with that in the literature revealed that previous 
measurements*:® of the infra-red spectrum of benzil 
showed a single band in the carbonyl region (1,700 em-) 
and, furthermore, this was used as evidence? for a trans 
structure for benzil, in contrast with the results quoted 
above. We find two bands in the carbonyl region for both 
benzil and «-pyridil, as shown in Fig. 1, A and B. The 
splitting in benzil is about 14 cem while in a-pyridil it is 
23em-1, Our results, together with that of other workers, 
are presented in Table 1. 

The structure of a-pyridil was worked out in detail by 
Hirokawa and Ashida*, who found that the molecule is 
rotated about the O=C-—-C=0O bond by an angle of 
- approximately 83 degrees. Since such a conformation 
“makes the relevant point group of the molecule C,, one 

should observe two carbonyl bands for this molecule. 
Fig. 1, B shows that this is the case. By analogy with 
w-pyridil, two carbonyl bands should be seen for a benzil 
molecule in the skew configuration discussed here, and 
this is shown in Fig. 1, A, to be true. 





Fig. L A, Spectrum of benzil in chloroform; B, spectrum of evel in chloroform, 


Both solutions were approximately 6-08 






5 1.681 em? 
si, strong; sp, sharp; seh, shoulder. 


The spectra were recorded using a Perkin-Elmer 237 
grating spectrophotometer with IRTAN cells. Using 
an older spectrophotometer and the same solution used to 
record Fig. 1, A, we were unable to observe the splitting 
of the earbonyl band in benzil. As a result, the apparent 
conflict of the infra-red results with the other measure- 
ments is due to lack of resolution in the older spectro- 
photometers. 

I BERNAL 
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BIOPHYSICS 


Viscosity of Deoxyribonucleic Acid Solutions 
in the ‘Sub-melting’ Temperature Range 


DEOXYRIBONUCLEIC acid (DNA) ‘melting’ has been 
mainly investigated using spectroscopic and optical 
rotation techniques'. To our knowledge, the viscosity 
behaviour associated with the ‘melting’ phenomenon 
has been examined only in the special cases of synthetic 
deoxyribopolynucleotides? and phage DNA. In an 
investigation of this subject, using DNA preparations 
from three different sources, it was observed that the 
change in intrinsic viscosity parallels the change in optical 
density at 260 mu, except for the ‘sub-melting’ tempera- 
ture range. The peculiar behaviour found in this region is 
reported here. Briefly, this is character- 
ized by a fall in viseosity which is com- 








SSSSasn=ssaae=s a=: = zs EEE z pletely reversed on cooling and seems to be 
EYA Fe neS ‘Shenae = caused by the local melting of deoxy- 
SSS eee =e adenylic-thymidylic (dA-T) clusters. 
SSS SSS GSS ee «© Viscosity was measured using a four- 
SSS PEE: oo viscomoter built according to Eigner’ 
See Biiiiacs e a FEE The average velocity gradients associated 
Heee EEEE with each bulb were calculated using 
SSS SSS HESS e E © Kroepelin’s formula’: values ranging from 
SSS SESE SSS: ESS sag SESS © — 100 to 20 see! were found. Three DNA pre- 
Esee E fSaes sue=saan see =: = l Se e ee a 
eE EE a E ee ee eee 
SSS SSS SoS tened essentially according to Kay et al 
SSeS SSS and displaying intrinsic viscosities close to 
E EE S55) EE Seas: EEEE 70 dl. /g, were used at concentrations of 20 
gE fe: Sa=ss= oa SES FESS E ug/ml. in acetate buffer u=0-15, pH=5-6 
l Saf g ofthis bufor da not show any 
SSssesce == FAE = EE EEE F E significant change within the explored 
e a=sees a Qe Sass a== = s=s= == =e; temperature range). The viscometer was 
= s pee 2s======—=— EEE EEE = equilibrated at several different tempera- 
= Tee = Ssosse=: 2 == SE! tures and fresh aliquots from stock DNA 
A aa Ef) solutions were measured at each tempera- 
eo ture. Ultra violet melting profiles were ob. 
a See eee et tained at essentially the same DNA concen- 
Sees E tration used in the viscosity experiments. 
Be Ses Ss a ee me oe E EEEE FEE Fig. 1 shows the behaviour of both opti- 
BO ob. 60 6-5 TO 50 5:5 6-0 65 7-0 cal density at 260 my. and intrinsic viscosity 
: Wave-length (1) at zero velocity gradient of calf thymus 


DNA as a function of temperature. Sub- 
stantially similar results were obtained 
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Fig. 1, Viscosity and optical density of calf thymus DNA (sample B 18) 
as & function of temperature, Viscosity deerease (O) an ase 
density increase (@) are given as percentage of total variation. DNA 
eoncentration was about. 20 ug/ml, in acetate buffer p= 6-6, w= 016 


= with the other two samples. It is evident that viscosity 
< undergoes a quite distinct drop in a temperature range 
_ where optical density is very slowly increasing in a linear 
fashion. Results to be published in detail elsewhere indi- 
_ tate that in the temperature range 50°-80° C, DNA hydro- 
_ lysis occurs according to a ‘double hit’ mechanism, at a 
very slow rate and shows a lag-time of more than 40 min. 
_ Therefore, the results shown in Fig. 1 (in the range 50°-80° 
_(), which were obtained within 20 min after introdusing 
- the solutions in the viscometer, do not need any correction 
for hydrolysis phenomena. Viscosity. results in the 
temperature range 80°-95° C were corrected for hydrolysis, 
In phosphate buffer pH 7-6, u = 0-15 (where the melsing 
point is the same as at pH 5-6), the difference between the 
viscosity and optical density curves was less pronounced. 
When the temperature was lowered from the ‘sub- 
melting’ range down to 25° C (no matter how fast was the 
drop) a complete recovery of the initial viscosity value was 
obtained. | 
The foregoing results suggest that the ‘sub-melting’ 
behaviour of viscosity is due to a change in the configura- 
tion of DNA molecules. That this change is not related to 
some trivial aggregation phenomenon mediated by residual 
protein seems to be suggested by its reversibility, A 
possible explanation is that it is due to the local melting of 
dA-T clusters, the existence of which, in runs of up to 9 
units, has been shown by Spencer and Chargaff?. In 
C01 Whi: interpretation it may be recalled that 
ting temperature of a synthetic dA-T polymer is 
` C (ref. 8), well within the range where the ‘sub- 



















enon occurs in DNA, and that Greer and 
at although guanine is more labile 
temperatures, depurination almost 
adenine. at temperatures below the 
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Photoconduction of Adenosine in Various 
Morphological Forms 
OPTICALLY clear films can be cast on a substrate when 


a neutral adenosine aqueous solution is slowly evaporated 


at about 60° C. Along the perimeter of the film, white 
needle-shaped crystallites are observed. If the film is 
exposed afterwards to high humidity, its. clear portion 
will become cloudy. When viewed under the microscope 
between crossed nicols, this cloudy portion is seen to 
consist entirely of spherulites as shown in Fig. 1. The 
infra-red spectra of: (1) potassium bromide pellet of 
powdered needle-shaped crystallites; (2) non-spherulitic 
clear film; (3) spherulitic film of adenosine are shown in 
Fig. 2. From these spectra it is evident that the molecular 
arrangements of adenosine in these three morphological 
forms are different. Further work has to be done in order 
to elucidate the structures of the material in these various 
forms. In the present work it is intended to report some 
results on semi-and photo-conduction of the three different 
morphological forms of adenosine surface cells. 

The experimental details for measuring the conduction 
of organic materials are similar to. those reported pre- 
viously'. The temperature dependence of the ‘resistance 
of adenosine is shown in Fig. 3. Except for the deviation 
towards the lower temperature end, the resistance follows 
the well-known equation R = R, exp (Ea/2kT), where R, 
is a constant and Ha is the activation energy for dark 
conduction. The activation energy of the pellet is 4-52 eV, 
in agreement with the value reported by Eley and Leslie?, 
The activation energies of the spherulitic and non-spheru- 
litic films are 4-03 and 3-68 eV respectively. The tem- 
perature dependence of photocurrent of adenosine shown 


in Fig. 4 follows the equation i = 4, exp (—E,/kT), where 


ta is a constant and Ep is the activation energy for photo- 
conduction. . The values of Æp are about 1-90 eV for the 
pellet, 1-87 eV for the spherulitie film, and 1-73 eV for the 
non-spherulitie film. ae EE agi nis 
The activation energies for dark- and photo-conduction 
of adenosine are much higher than the corresponding 
values of polyadenylic acid? and NaDNA in the dry state". 





Fig. 1. Adenosine spherulites (crossed nicols % 385) 
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nof adenosine. It is assumed that the 
m impurity- or imperfection-levels, 
all values of Ey calculated are in agreement 
point of view. 

has been noted that the measured value of Ep for a 
given sample does vary somewhat from measurement to 
measurement. The small difference of Ep for adenosine 


obtained for the various morphological forms may thus 
not be considered as significant. It is concluded that the 
value of Ep is primarily a measure of the average barrier 
between neighbouring adenosine molecules and the effeet 
due to morphological differences is rather small. 
C. Y. Liane * 
E. G. carco 
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____ Periodogram Analysis of Precipitates 
_ Tarwe ct al.‘ have provided many oxamples of partially 
eriodic precipitation phenomena, some of which resemble 
in a surprising manner the patterns found in tissues. 


‘The material to be analysed is in the form of electron 
microscope negatives on pieces of film 2 em x 2 cm, 
kindly sent to me by Prof. H. Thiele. These pieces fit 
into the graduated disk of a scanning apparatus already 
described’, in which they can be oriented and scanned 
at any angle from 90° to — 90°. The apparatus consists 
of a microscope with a modified motor-driven stage, a 
photocell, an amplifier, and a recorder. It is calibrated 
with standard neutral filters to measure optical density. 
Sometimes the precipitates appear to be arranged im one 
_ direction rather than another; it may then be convenient 
to place the film in the graduated disk so that this direc- 
. tion lies along the line joining 90° and — 90°, but there is 
often much uncertainty in making this adjustment. 
Coon ‘The negative is scanned at 20° angles from 90° to — 70°, 
1 9 different directions. This results in 9 periodo- 
wo kinds of caleulation can be carried 
take each periodogram separately and 
y with which maxima and minima 
M maxima and minima in a scanning 
the half-period P, will be 10,090/M, 
ne such value for each periodogram. 
g about the size of the maxima and 
d of calculation is to find the mean 
deviation (root-mean-square deviation) 
periodograms, and then to plet the 
gainst the scanning angle 0. The 
h shows maxima and minima, usually 
fter completion, of this second kind 
verage value of P, which corresponds 
i0ds P, of the o versus 6 graph can 
ecially interesting, and can be called 
the values of P, for all 9 periodo- 

















es were entirely regular, the 
andard deviation provided by the 
ion would be zero, but fer the 
‘ation it is 2, which can be inter- 
f the extent to which a regular 
by secondary factors or by chance 
disturbances lead to an increase in 
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Table 1 ` 
Half-period Half-perlod — 
P, (radians) P, max (A) Amplitude of S.D. 


-24-0-42 
250-45 


Copper alginate 
Cadmium, alginate 
Sodium alginate 2.8, B8. 
Copper alginate t 
Cadmium alginate t 
Lead alginate t 


Lead pectinate 0-25~0°61 


0-12~-0-80 


MARLON PO mw tory SF 


è 
Socooes 
IND dae Sed Or wy he BS 

> 
SO 
bove 


* Not significant. . 
} Probably represent mixtures. 


the value for the minima and to a decrease in the value for 
the maxima, and if the value for the maximum of the « 
versus 0 graph were M in the case of a regular periodic 
precipitate, it would be (M — h) when the. entirely 
regular arrangement was disturbed by secondary factors 
or by chance. PT ge ae : | 

The periodic precipitates of micelles which Prof. Thiele 
has sent me give the values shown in Table 1. 

There are two important special cases. The first is 
when the material is precipitated at random, as in the 
case of sodium alginate or in the case of the human red 
oll ghost?; then the period and the amplitude of the 
oscillations are not significantly different at any angle. 
The second is when there is a mixture of micelles. In 
this case, the period and the amplitude of the root-mean- 
square deviation changes significantly in the course of the 
scanning operation, or the half-poriod is less than 1-57 
radians and the curve of a versus 0 can usually be reduced 
to two or more curves, each with a half-period of 1:57 
radians but with maxima and minima at different scanning 
angles (for example, the curve for copper alginate seems 


to be the result of a mixture of two species each with a > 


half-period of 1-57 radians, but the one with a maximum 
at 20° and the other with a maximum at 90°). o =o 
This work was supported by a grant, HE-07401-01.  — 
from the U.S. Public Health Service, National Heart 
Institute. ee ES eee, 
Eric PONDER 
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Institut Pasteur, Paris. 
' a Plohnke, K., Brandt, E.. and Moll, G., Kolloid Z., 188. 24 
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Variant Forms of Arachin 


Is the past few years, analysis of samples from individual 
animals has revealed variants of many of the blood pro- 
teins. In man, for example, hemoglobin, haptoglobins, 
transferrins, albumin and several glycoproteins are known 
to exist in two or more closely related forms, the distribu- 
tion of which follows a simple hereditary pattern. In 
milk, @-lactoglobulin and «-lactalbumin show similar 
polymorphisms. 

So far, I believe that no such polymorphism has been 
demonstrated in plant proteins though there is no obvious 
reason why one should not exist. In an attempt to find 
variants, the proteins of single seeds from Virginia and 
Spanish strains of peanut (Arachis hypogaea) have been 
examined by using acrylamide-gel electrophoresis!. Seeds _ 
were homogenized in electrophoresis buffer, centrifuged to- 
remove oil and debris and the protein concentration 
adjusted to about 2 per cent before electrophoresis. 
Arachin exists under these conditions in a monomer- 
dimer form?; these are shown in Fig. 1, which also shows 
the variant, more rapidly migrating form found in some of 
the seeds of the Virginia strain. The form with highest 
mobility is called arachin A and the slower arachin B. 
Although the differences are most clearly seen in the 
monomers, the dimers also showed small differences in 
mobility. In addition, it was just possible to resolve the 
two forms by electrophoresis in agar gels at pH 8-6. 








wie. 
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Fig. 1. Folyaceyemine-¢e) electrophoresis of peanut cotyledon proteins 

in a tris~citrate-sodium hydroxide—borate discontinuous buffer system, 

pH_86. Gel concentration was 7-5 per cent. Samples 1 and 2 show 
two types of mixed seeds; sample 3 contains arachin B only 


Of 53 seeds examined, 32 were of the AB type, while 
21 contained arachin B only. In some cases it was possible 
to distinguish between two types of mixed seeds, with 
either a preponderance of A or B. In five cases, pairs of 
seeds were examined, each pair being taken from a single 
pod. In every case the seeds comprising the pair were 
identical. This is consistent with a hereditary mechan- 
ism and, although no breeding experiments have been 
done, genetic control of the two forms of arachin is almost 
certain. All ten seeds of the Spanish variety examined 
eontained both A and B arachins, but other minor pro- 
“teins in this strain differed from those in the Virginia. No 
example contained arachin A alone. 

Although such a form might be expected by a superficial 
analogy with known polymorphism the peanut is tetra- 

- ploid and self-fertile and the genetic situation is quite 
‘different from that in.animals. It is unlikely that the two 
forms are controlled by alleles at a single locus and this is 
not therefore a true polymorphism. 
It is clear from Fig. 1 that both arachins may form 
dimers and the existence of the two forms should be taken 
into account in interpreting results obtained previously. 


M. P. Tomes 
Unilever Research Laboratory, 
Colworth House, 
Sharnbrook, Bedford. 
-1 Raymond, 8.. and Weintraub, L., Science, 180, 711 (1959). 
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Electrophoretic Separation of the Phenolases 
from Potato Tubers 


EARLY investigations of the properties of polyphenol 
», oxidase from plants showed that most preparations 

“catalysed the oxidation of several polyphenolic substrates, 
In the past few years it has been demonstrated that 
erude polyphenol oxidase preparations actually are 
mixtures of several phenol oxidase proteins, each exhibit- 
ing unique catalytic and physical properties. Smith and 
Krueger? used a column of hydroxy] apatite and chromato- 
graphically separated erude extracts of mushrooms into 
a series of purified fractions. These contained several 
enzyme types, including the classical catecholase and 
cresolase enzymes. Sisler ard Evans? showed that chloro- 
genie acid was a better substrate for the crude polyphenol 
oxidase from tobacco than for a comparable preparation 





‘from mushrooms, The ratios of rates of oxidation of 


chlorogenic acid to rates of oxidation of catechol as 


catalysed by each of a series of purified extracts from 


tobacco varied widely, indicating the presence of more 
than one type of polyphenol oxidase enzyme. Uritani* 
used starch-gel electrophoresis and separated crude 
extracts of sweet potato roots into three distinct bands 
each showing a capacity to catalyse the oxidation of 
chlorogenic acid. From these experimonts it seems clear 
that organisms contain several types of polyphenol 
oxidase enzymes. 

This investigation was undertaken to determine whether 
the classical phenolase of potato tubers could be soparated 
into more than one active fraction by electrophoretic 
techniques. | 

Crude extracts of frozen peelings from commercially 
available Russet Burbank potatoes were prepared by a 
modified method of Smith and Krueger. For the pre- 
paration 500 g of frozen peelings in 2 |. cold 15 per cent 
ethanol containing 0-05 M acetate buffer at pH 5-3 were 
homogenized in a Waring blender for 1 min. The mash 
was strained through cheesecloth and the filtrate centri- 
fuged in a Servall continuous centrifuge at 18,000g. 
The precipitate recovered after contrifugation was mixed 
with the mash and the entire mixture was resuspended 
in 0-1 M sodium chloride solution (400 ml. 0-1 M sodium 
chloride per 500 g of original starting material). Centrifu- 
gation yielded the first salt extract, which was discarded. 
The pulp was resuspended overnight in 0-1 M sodium 
chloride, using the proportions already described, and the 
salt extract was collected after centrifugation. The sodium 
chloride extraction procedure was repeated threo times. 
The three sodium chloride extracts were combined and 
brought to 70 per cent saturation with solid ammonium 
sulphate. The precipitate was collected at 18.000g and 
dissolved in 0-01 M phosphate buffer at pH 7. The extract 
was dialysed overnight against 0-001 M phosphate buffer 
at pH 7. In a large-scale fractionation, 40 lb. of potato 
peolings yielded 275 ml. of dialysed enzyme solution 
containing 30 mg protein/ml. An assay of the activity of 
the extract by the methods of Sisler and Evans* showed a 
specific activity of 117 v./mg protein. A sample (92 ml.) 
of the dialysed preparation was further purified by use of a 
preparative electrophoresis apparatus in the laboratory 
of Dr. H. 8. Mason. Tho extract was introduced into an 
Elphor continuous electrophoretic separator, model FF, 
at a rate of 10 ml./h. Tris buffer (0-01 M) at pH 7-0 was 
supplied at a rate of 80 ml.fh. The material was subjected 
to electrophoresis at 2,400 V for a period of approximately 
10 h. Forty-nine fractions were obtained, each with a 
volume of 15 ml. 

The fractions were assayed for polyphenol oxidase 
activity by the indirect assay procedure of Sisler and 
Evans’, using chlorogenic acid, catechol and p-cresol as 
substrates. The concentrations of different reactants in a 
final volume of 3 ml. were: polyphenolic substrate 
5-7 x 16-5 M; ascorbic acid 2-8 x 10-5 M; ethylonediamine 
tetraacetic acid 10- M. One unit of enzyme activity was 
expressed as an optical density decrease of 0-01 per min 
at 265 mu. The protein content of the extract was 
determined by the method of Lowry et al.. 

The curves in Fig. 1 show that the phenolase enzyme 
complex from potatoes.was separated into two distinct 
components by electrophoresis. Both components 
catalysed the oxidation of chlorogenie acid more rapidly 
than the other substrates tested. Tho peak fractions 
(tubes 21 and 37, Fig. 1) showed similar ratios of activity 
when catechol was compared with chlorogenic acid as 
substrate. The cresolase activity in relation to the activity 
with other substrates was greater in the first peak than in 
the other peaks. showing that eresolase activity was con- 
centrated in the first component. 

The pronounced shoulders which preceded the peak 
fractions in Fig. 14 suggest that both components are 
electrophorotically heterogencous in relation to phenolase 
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peers Pig, tion of an extract from potato tubers by electrophoresis, 
Ay Phenolase activity using chlorogenic acid as the substrate: B, 
| BRenolase activity using catechol as the substrate; ©, phenolase 
activity using p-cresol as the substrate. @——@, in A, Band C refers 
-$o units por mg protein; @ ... @, in A refers to mg protein per mi. 

< {this curve also represents the protein content of the enzyme used in 
‘Hand C). In this experiment 350,000 units of enzyme (using chlorogenic 
wold as the substrate) were subjected to electrophoresis and 60 per vent 

of the total activity was recovered in the fractions 






enzymes. Tho comparison of the chlorogenic acid to 
catechol activity ratios from the results in Figs. LA, B 
show that the specificity for substrate of certain shoulder 
fractions is different from. the substrate specificity of peak 
fractions. For example, the ratios of activity with chloro- 
‘genic acid (Fig. 14) to activity with catechol (Fig. 1B) 
_ forshoulder fractions 17and 33 are 1-6 and 2-6 respectively ; 
whereas, comparable ratios for the peak fractions 21 and 
37 are 4-6 and 4-3 respectively. Similarly, the ratios of 
activity with chlorogenic acid to activity with p-ereso] 
for shoulder fractions 17 and 33 are 6-1 and 3-5 ; whereas 
arable os for peak fractions 21 and 37 are 
ely. 

inves in Fig. 1 that erude extracts 
tain electrophorotically different 
‘urther purification of the preteins 
ë: components will be necessary in 
more completely the different 
rom this source. 

i SURESH PATIL 
Harop J. Evans 




























Jniversity, 
regon. 






P. MoMAn 


Farr, A. L., and Randall, Rose, J. Biol. 


_ Biol. Chem., 987, 1121. (1962). 
Physiology, 38, 255 (1958). 

75th anniversary of the Department 
a a Agricultural Experiment 


NATURE 


Effects of X-rays on Nuclear RNA of 
Lymphatic Cells k 


_ Tue metabolism of ribonucleic acid in various animal 
tissues is known to be resistant to ionizing radiation. 
Recently, nuclear RNA was found by several investiga- 


tors'~4 to be inhibited in incorporating its precursors, and 
further investigations on nuclear RNA seemed necessa 
to analyse the effects of ionizing radiat 
cells. In the work recorded here, nuclei of 
were used as material, as rapid incorporation | 
32 into nucleic acids in viro” has been found in these 
isolated nuclei. ee ee o 

Nuclei were isolated from 
















per min, 200kV and 19 m.amp. Immediately after irradia- 
tion, the nuclear suspension and the unirradiated control 
were incubated with 2 ue. “Pimi. for 30 min at 37° C. The 
suspensions were then chilled and washed with 0-01 M 
RNA was extracted with 90 


linearly increasing concentration of sodium chloride up to 
1-0 M in 0-01 M phosphate buffer, and finally by 0:5 N 
sodium hydroxide, collecting the elute each by 4ml. The 
amounts of RNA was measured with a spoctrophotometer 
at a wave-length of 260 my. Aliquots were taken from 
eluted samples to count the radioactivity of phosphorus- 
32 with a Geiger~Miller counter. | $ 

Fig. 1 illustrates the chromatogram of normal nuclear 
RNA. Seven groups of the fractions were separated: 
F-I (fraction I) eluted by the buffer; FIT by sodium 
chloride at 0-1 M; F-ITE at 0-15-0-2 M: F-IV at 0-5 
M; F-V at 0-6 M; F-VI at 1-0 M: F-CIT eluted by 0-5 N 
sodium hydroxide. 
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Fig. i. Chromatographic pattern of normal nuclear RNA. 2-5 mg of 
henol-extracted RNA was charged on 1:5 g of DEAE-cellulose. 
ution was carried out with sodium chloride of linearly increasing 
concentration buffered with phosphate buffer at pH 7-0, and finally 


with 0-5 N sodium hydroxide, at the flow-rate of 0-6-0-7 ml/min at room cs 


temperature. ——-, Amounts of RNA (extinction at 260. my); —, specific 
activity of “P-incorporation (counts/min/E260 x 100) 


Irradiation with 1,000 r. caused no significant changes in 
the chromatographie pattern of RNA. By irradiating 
with 2,000 r., F-IV and V decreased slightly, while F-Tand 
II increased as compared with those of normal (Fig. 2). 
After 10,000 r.-irradiation, F-IV and V decrease 
remarkably, and F-I was much more increased. than 
at the 2.000 r. of irradiation (Fig. 3), 
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RNA was also influenced by X-ray. In thenormal uo lei; = 
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Fig. 2. Chromatographic pattern of 2,000 r.-irradiated nuclear RNA. | 

Nuclear suspension was irradiated. with X-ray, at the dose-rate | of 

217 r/min, followed by the incubation in the 0-25 M sucroze solution 


with 2 ee. P/ml. for 30 min at 37° C. “Other procedures were the same 
as in the legend of Fig. 1 


0-15 


“O10 


xthiction at 260 my 


al 


(counta/min/Egeo x 100) 


E 


0-05 | 


ie 
Specific activity of 32P.incorporation 


Y AH 
¥ 
+t ae 
+ bd s 
af 4 iar 
+ 


it if a aaae 
Buffer O1 02 03 05 06 O7 0810 
pH 7-0 M Nal in buffer 
rig 3. Chromatographic pattern of 10,000 r irradiated nuclear RNA. 


li procedures were the same as in the legend of Fig. 2; but the dose- 
rate was 512 r./min 


GN 
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the degree of incorporation was highest in FIT, and F-H 
also showed considerable incorporation. Other fractions 
did not present the high incorporation as such (Fig. 1). 
These incorporations into the fractions were depressed by 
- the irradiation of 2,000 r. except into F-IT in which it was 
-Accelerated from 1-1 to the extreme case of 400 times 
normal. 10,000 r. of irradiation caused great inhibition 


a . of the incorporation into all fractions. In F-IV and V, 
the incorporation was not detectable and in FIT it was 


only 1/20-1/80 of normal. 
This experiment demonstrates that RNA is reduced 
both in amounts and in the degree of incorporation of 
-phosphorus-32 by X-ray irradiation, and that the RNA 


Md „incorporating phosphorus-32 at alow rate is more sensitive 


< to X-rays than that incorporating at a high rate. 
We thank Dr. M, Kato and Dr. 8. Muramatsu for their 


advice. 
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sis on Plates without Bottom 





“Agar Layer } 

Wrru so much research being carried out on bacterio- 
phage, improvements to simplify and save time in the 
routine techniques of assay and preparation would be of 
great value. Having spent considerable time on. pre- 
paration of ‘bottom’ agar plates for the agar layer assay 
by the plaque count method?’ £ nd for high-titre bacterio-_ 
phage stock preparation on a large number of plates by 
the confluent lysis method’, we investigated the possibility 
of saving time by using plates without ‘bottom’ agar for 
assay and stock preparation, Í : 

The following medium was found satisfactory on glass 
plates without ‘bottom’ agar. The components per litre 
were : Difco bacto-casamino-acids (acid hydrolysed casein) 
10 g, Difco bacto-nutrient broth 15 g, sucrose 10 g, dextrose 
l g, crystalline magnesium sulphate 5 g, sodium chloride 
5g, and agar 8 g. 

The results for efficiency of plating and for yields are 
presented in Table 1. 






Table 1. PLAQUE FORMATION AND YIELD OF DIFFERENT BACTERIOPHAGES 


ON PLATES WITHOUT ‘BOTTOM’ AGAR 


T Efficiency of plating Yields observed. 
by our method* (No. of phage per plate) 
(% plaques compared with On plates with On plates without 
standard assayT) ‘bottom’ agar} ‘bottom’ agar§ 
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* 4-5 mi. of E. coli suspension in the log phase of growth and 0-1 mil, of 
appropriate dilutions of phage th tryptone broth were mixed with 4°5 mil, of 
our melted medium and, poured on sterile Petri dishes immediately ; it 
solidified in about 15 min... Errors represent maximum deviation in six 
experiments, 

K Agar layer assay method of Adams (ref, 2). 

Prepared as described by Swanstrom and Adams (ref, 3). 

3:0 mi. of bacterium suspensions, infected with enough phage to give 
confluent lysis (3:5 x 10* of Ti; Zd x 10° of T2, T4 and T6: 2-1 x 10‘ of 
T3 and T7: pa x 10% of T5) were mixed with 4°5 mi, of our melted agar, and 
poured on sterile Petri dishes, After overnight growth, 10-0 mi. of tryptone 
broth was added to each plate, and the agar was broken up and filtered fast 
through Whatman No, 2 paper INA 8126 3 Buchner funnel (losses were noted 
if it aa too long to filter, therefore larger funnels should be used for larger 
volumes). 


Let us first consider the formation of plaques on plates 
without ‘bottom’ agar. It is seen that the efficiency of 
plating for T1, T3 and TT is the same as by the conven- 
tional assay over ‘bottom’ agar. However, the number 
of plaques for 72, T4, T5 and T6 formed on plates without 
‘bottom’ agar is only approximately 50 per cent of that 
formed on plates with ‘bottom’ agar ; therefore, in order 
to arrive at the correct value, plaque counts obtained by 
our method should be multiplied by two. The resulte are 
consistent if Æ. colt is in the same phase of growth. 

Second, let- us consider the yields of various phages by 
confluent lysis. The yields obtained on plates without 
‘bottom’ agar were slightly better than the yields obtained 
on plates with ‘bottom’ agar. (However, our yields of 
phages prepared according to the method of Swanstrom 
and Adams? were lower than those reported by the original 
investigators.) | | | 

As the area for confluent lysis in a glass plate (Petri 
dish) is limited and as Petri dishes with large areas are not 
available, stainless steel trays (Volrath, size 17} in. x 
11 in. x 2 in.) with aluminium covers were used. Con- 
fluent lysis on such trays was conveniently achieved as 
follows : to 100 ml. of Æ. coli suspension, grown overnight 
in an incubator by shaking but without aeration, was 
added 100 ml. of tryptone broth, 40-0 ml. of special solidi- 
fying medium (the solidifying medium was similar to our 











ixture was then poured or 
at room temperature (25°). Then the soft agar was 
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broken up and filtered on Whatman No. 2 paper through a 
large (size 6) Buchner funnel. The average yields 
(x 10") obtained per tray were : 3-2 for T1, 3-8 for T2, 
1-2 for 73, 2-0 for 14, 6-0 for T5, 4-3 for T6 and 1-1 for 77. 
These values are 25-50 times the yield obtainable in a 
normal size glass Petri dish without ‘bottom’ agar. 

_ Summing up one can say that: (1) Routine assey of 
bacteriophage samples can be made on glass plates without 
‘bottom’ agar, but a correction factor of 2 has to be taken 
into account for bacteriophages T2, T4, T5 and T6. 
(2) High yields of bacteriophages can be obtained when 
confluent lysis is carried out on glass plates without 
‘bottom’ agar. (3) Confluent lysis can be adapted for 
large-scale bacteriophage production by carrying it out 
on large stainless steel trays. 
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one of which is concerned 
But what goes on 
hypothalamus to bring about this regulation? The 
experiments recorded here suggest that it is the release 


The experiments are the outcome of two independent 
First, that pyrogens injected into tho 
‘cerebral ventricles** or directly into the anterior hypo- 
thalamus’ of a cat cause fever and shivering, and seeond 
that, injected into the cerebral ventricles, adrenaline and 
noradrenaline. abolish drug-induced shivering, whereas 
5-HT has the opposite effect and evokes shivering. These 
effects, too, have been attributed to an action on. tho 
m tlamus*-§. We have now shown that the injeetion 
> amines through an implanted Collision cannula 
ticles of an unanesthetized cat 
ature: adrenaline and nor- 
[T raises, the temperature. 
{fect of adrenaline or noradrenaline, 
as first to be elevated. This cen be 
When a minute amount of pyrogon— 
the dose effective on intravenous injec- 
ected intraventrieularly into an unanæs- 


the rectal temperature rises after a lateney of 
toa le 










































vel of 2°-2-5° C above normal and remains 
or several hours. The high temperature can then 

flown to normal, or to nearly normal, by an 
jection of 50-100 ug of either adrenaline 
ithin a few minutes the temperature 

mal fall is reached within about 
o slowly climbs during the 
8 again attained. When 
oradrenaline are injected 
y intervals a reduction in 
for longer periods. The 
ines also cause cessation of 
yyrogens. 
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To produce with 5-HT a rise in body temperature as 
well as shivering, 200 ug are injected intraventricularly 
into the unanesthetized eat. Usually the rise occurs 
in two peaks. There is first a transient, relatively quick 
rise, which is followed within 1 h after the temperature 
has returned to normal by a second more gradual but 
prolonged elevation of up to 2°C. It is sometimes more 
than 20 h before the rectal temperature has returned to 
normal. When 5-HT is given during the pyrogen. fever it 
appears to be even more effective. ‘The intraventricular 
injection of 200 ug then causes an additional steep cleva- 
tion of up to 1° C and it requires more than 30 h before 
the pyrogen-5-HT fever subsides, | 

The fever and shivering produced by 5-HT are affected 
in the same way by the intraventricular “Injection of 
adrenaline or noradrenaline: as the fever and shivering 
produced by pyrogens. The temperature is brought. down 
and shivering ceases. ia ee ee 

The findings reported here lead to a new concept about 
the mechanisms involved in the hypothalamic. regulation 
of body temperature, They suggest: that normal tem- 
perature is maintained by a delicate balance in the release. 
of adrenaline, noradrenaline and 5-HT in the hypothala- 
mus, thus attributing an important physiological function 
to the occurrence of these amines in this part of the brain ; 
this, however, may not be their sole function. The effect 
of adrenaline and noradrenaline in lowering body tem- 
perature is seen only when the temperature has first been 
elevated. The reason may be because these amines. are 
continuously released in sufficient amounts in the hypo- 
thalamus to keep the temperature down, in the same way 
as their release is thought to prevent us from shivering 
continuously’, Additional. adrenaline or noradrenaline 
applied artificially to this region, therefore, would have no 
action either on the temperature which is already. down, 
or on shivering which is not present, A rise in temperature: 
as well as shivering could then be visualized as the result 
of two mechanisms: an inhibition of the release of adren- 
aline and noradrenaline, and an initiation or atigmentation 
of the release of 5-HT. Fever produced by pyrogens, 
that is, the fever of infeetious diseases, may be brought 
about in just this way. In addition, pyrogens may render 
the hypothalamus more sensitive to the action of 5-HT, 
and there is the further possibility that pyrogens do. not 
act solely through the hypothalamic amines and their 
release, but also mimic the effect of 5-H'T. | 
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integration at an Inhibitory Interneurone: 
Inhibition of Renshaw Cells 


THE spinal interneurones known as Renshaw cells have 
as their function the regulation of motoneurone activity: 


they appear to terminate on motoneurones directly 


inhibiting their firing’, and to inhibit other inhibitory 
interneurones, thereby disinhibiting motoneurones. and | 
enhancing their discharge’. Because of this widespread 
involvement of Renshaw cells in the control of motor 



















xcited by supraspinal stimuli‘, and an observa- 
Renshaw’s* suggests that they can also be inhibited 
y antidromic stimulation of motor nerves. In view of the 
importance of Renshaw cells as the only clearly identified 
nhibitory interneurones in the spinal cord, we have 
investigated the influence of various types of stimuli on 

their discharge, and find that widespread inhibitory action 

contributes to the regulation of their activity. 

All experiments were performed on acute decapitate 
eats; the carotid arteries were tied and vertebral arteries 
clamped. Artificial respiration was applied. In order to 
minimize movement all preparations were paralysed by 
intravenous injections of ‘Flaxedil’ (American Cyanamid 
Co.). Laminectomy was performed in the usual manner. 
In some preparations the dorsal roots on the side on which 
recording was to take place (ipsilateral side) were cut from 
S2 to L5 to prevent the entry of orthodromic impulses 
into the cord, and various leg nerves were dissected to 
make possible antidromic stimulation of motor nerves. 
With such preparations it was possible to test the effect 

on Renshaw cell discharge of natural stimulation of all 

<< dimbs other than the ipsilateral hind limb and of anti- 
-dromic stimulation of the ipsilateral motor nerves. For 
other experiments the ipsilateral dorsal roots were left 
intact and the ventral roots cut; on the contralateral side 
the ventral roots were cut, and leg nerves prepared for 
stimulation. This type of preparation was used for natural 
stimulation of the ipsilateral hind limb and electrical 
stimulation of contralateral muscle and cutaneous nerves. 

-Recording from Renshaw cells was extracellular, and 

was performed by means of glass micropipettes filled with 

4M sodium chloride and having a resistance of 1-2 Meg. 
Cells were found by tracking in the L7—SI region while 
stimulating either motor nerves or ventral roots, and were 
identified by their characteristic high-frequency response 
to a single antidromic shock'?. Most cells were found 

within a few hundred microns of the dorsal root entry line 
and at depths between 2 and 3:5 mm. Once a cell was 
located and its pattern of discharge was determined, 
attempts were made to condition the discharge by electri- 
cal stimulation of various nerves and by natural stimuli 
applied to various parts of the body surface. 

In agreement with Eceles, Eccles, Iggo and Lundberg’, 
it. ean be stated that Renshaw cells can be activated by 
= more than one muscle nerve, although often one nerve is 
dominant. In our experiments the discharge has consisted 

of up to 30: spikes, with a total duration of up to 60 msec. 
So far, we. have been unable to inhibit this discharge by 
~., antidromic stimulation of any of the available muscle 
= nerves (deep peroneal, flexor longus digitorum, plantaris, 
o gastrocnemius-soleus, posterior biceps-semitendinosus, 
biceps anterior and semimembranosus). However, it has 
= been possible to obtain powerful inhibition of the response 
by stimuli, such as squeezing and pinching applied to the 
various limbs. Such an inhibition is shown in col. 1 of 
Fig. 1. It can be seen that the inhibition is quite profound. 
The group of frames in B illustrates a typical occurrence, 
namely, that the inhibition becomes less powerful during 
a maintained stimulus. Strong inhibition has usually been 
obtained from the contralateral hind limb; in addition, 
inhibitory effects have often been seen as a result of 
stimulating the ipsilateral hindlimb, ipsilateral forelimb 
and tail. From the nature of the stimuli. applied it is 
evident that much of the inhibition must be due to 



























activity in cutaneous fibres. Experiments to determine — 
the nature of the nerves involved are under way at 


present. E 
Column 2 of Fig. 1 shows that this inhibition is depressed 
by strychnine. Intravenous injection of 0-1 mg/kg 


of inhibitor 


Fig. 1. Inhibition of Renshaw cell discharge. This cell was activated 
only by antidromic stimulation of posterior biceps-semitendinosus. 
The inhibition illustrated was obtained by squeezing of toes of the 
contralateral hind foot, In col..1, reading from bottom to top, A shows 
control responses, A responses during squeeze of the toes, and C sub- 
sequent controls, Squeeze of the toes alone evcked no Gischarge. Col, 2 
shows an identical series obtained 5 min after intravenous injection 
of O01 mg/kg strychnine sulphate. It ean be seen that the inhibition 
is strongly depressed, The spikes in col, 2 are somewhat larger than 
those in col, 1, because the electrode moved closer to the cell. Upward 
deflexion negative. Time marker, 10 msec.; voltage calibration, 600 pV 


strychnine sulphate resulted in some irregularity of the 
test discharge and occasional burst responses of the cell. 
Tt can also be seen in B of col. 2 that after strychnine the 
conditioning stimulus frequently resulted in slow waves, 
which were not, however, associated with discharge of the 


cell. Comparison of cols. 1 and 2 shows that in this instance 


the inhibition is almost abolished. Evidently this inhibi- 
tion resembles, in its susceptibility to strychnine, the 
various post-synaptic spinal inhibitions that have been 
investigated (ef. ref. 6), and differs in this respect from 
various post-synaptic inhibitions at higher levels of the 
nervous system’. a 

It is clear from the results recorded here that Renshaw 
cells can be inhibited by means of segmental reflexes. 
both ipsilateral and contralateral, and by means of long 
spinal reflexes. Inhibition of inhibitory interneurones has 
been proposed in other regions of the nervous system!*’, 
but our experiments provide positive evidence for inhibi- 
tion of an interneurons the only known function of which is 
to inhibit motoneurones and other interneurones. Since 
depression. of Renshaw cell discharge would result in 
release of moteneurones, these findings illustrate another 
pathway which can lead to disinhibition of spinal moto- 
neurones. It is now apparent that the control of the 
recurrent collateral system which leads to inhibition and 
disinhibition of motoneurones*!° is even more complex 
than previously supposed. 

It would. seem reasonable to expect that inhibition 
of. inhibits mnterneurones, together with changes in 
excitatory drive, would play a part in the integration of 
motor activity. It is more economical to suppress an 
inhibition at its origin than to override it at its destina- 
tion. - 
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vention by Ascorbic Acid of Liver 
Depletion in Endotoxin Intoxication 


Il esti iblished that there is a striking depletion of 
lycogen in endotoxin intoxication, and insulin, 
and lactate are relatively ineffective in increasing 
: cogen storaget. This depletion of liver glycogen is 

“not necessarily due to epinephrine discharge or to circu- 
~ Jate turbances attendant on intoxication, but it 
see oe to the eeoumulation of endotoxin i in 






















" fated | to this depletion. of a, Tt is 

z uly pronounced in adrenalectomized animals, and 
:; ‘death results from hypoglycæmie deterioration with or 
-withe e Ut is well known that pretreatment with 
eortiso revente death’. Although the mechanism of 

lepletion has been discussed in relation to 
hepatic enzymes, especially succinic dehydro- 
he effect on mitochondria leading to oxida- 
no conclusive evidence indicating special 
toxin to these disturbances could be 
is respect it has been shown that the effect 
epleting liver glycogen in rabbits is much 

immer season even in adrenalectom- 
18 therefore been suggested that the 
en might be determined by the 
iver induced by the uptake of 
ic. reticuloendothelial cells. Here 
ion with ascorbic acid could 
of liver glycogen in cold weather 
ty of the animal is markedly 












































about 2-5 kg were used. They 
ara’ (soy-beans curds waste 300 g 
bic acid (500 mg/day, mestly 
Chemical Industries, Ltd., Osaka) 
ra’. For attaining blood total 
“the saturation-level (about 1-2 
t least 4 days’ administration was 
-were performed both on intact 
nimals in order to determine the 
id saturation independent of gluco- 
h ascorbic acid has been claimed to 
has been repeatedly shown that 
not necessitate any replace- 
xistence of accessories can 
er diuresis test’. Purified 

onella. typhosa, Difco) was 
ter fasting overnight. Liver 
lysis were taken after 3 h under 
a (20 mg/kg, intravenously). 
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Liver Glycogen Content 











” Normal Rabbits X Adrenalectomized Rabbits . 
50 50 
$ ; 
40 vite 4.0} Vit C 
Administered o f Administered. 
3.0 _ sor +t] ‘e 
2.0 2.0 +. 
1.0 LO E. 5 pn 
Control Atter Endotoxin Control. After Endotoxin 
Fig. 1. Prevention of liver glycogen depletion due to endotoxin by 


ascorbic acid saturation (3 h after endotoxin) 


As shown in Fig. 1, ascorbic acid saturation could 
markedly ameliorate the depletion of liver glycogen after 
endotoxin both in intact and adrenalectomized animals. 
With this the attendant hypoglycemia was completely 
prevented and in intact animals. the preceding initial 
hyperglycemia due to epinephrine discharge? became 
marked and prolonged. Even adrenalectomized animals 
could tolerate the toxic dose used here (100 per cent lethal. 
for adrenalectomized rabbits?). Thus the effectiveness of 
ascorbic acid in preserving liver glycogen independent of 
glucocorticoids could be substantiated. There was no 
indication that ascorbic. acid consumption might be 
increased in endotoxin intoxication, since no appreciable 
changes in ascorbic acid content (total and reduced) in 
blood and liver oceurred after endotoxin. ‘Therefore, the 
effectiveness of ascorbic acid did not seem to be concerned 
with the supplement of ascorbic acid consumed. No 
gluconeogenetic effect® could be expected. Stabilization. 
of hepatic metabolism by its antioxidative effect seemed. 
to be the underlying mechanism. In cases. of severe 
endotoxin intoxication the blood glutathione (GSH, after 
Briickmann and Wertheimer) became reduced (from about. 
30 to 20 mg/dl. 3 h after endotoxin inoculation). This was 
prevented with lessening of the intoxication by ascorbie 
acid saturation, just as the case with tolerant animals. 
Saturation with ascorbic acid. did not. materially. in- 
crease the ascorbic acid content of liver (13-18 mg per cent, 
total ascorbie acid) and yet could show. ‘the “foregoing 
remarkable effect. In this respect, the observation. by. 
Fukuda and Horiuchi’ in man that, with inereasing satu- 
ration with ascorbic acid, the consumption of ascorbic 
acid estimated by the deficit i in the daily urinary output 
compared with the amount ingested increased. markedly 
might throw some light on this problem. In any event, 
significance of ascorbic acid saturation could be evaluated 
in endotoxin intoxication leading to hepatic glycogen 
depletion. 
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_ Alcohol and Evoked Potentials in the Cat- 

‘Tue effect of alcohol on the electrical activity of the 
cortex and deep structures of the brain in various animals 
has been the subject of investigation of many workers, 
including Horsey and Akert! and Caspers®. There is a 
general agreement that this drug has a synchronizing 
effect on the spontaneous electrical cortical activity and, 
depending on the dose of aleohol, shows various degrees of 
reduction in frequency and decrease in amplitude. The 
underlying mechanism of this action is still in doubt. 
Kalant’, ina comprehensive review, quotes Caspers? and 
furthers the idea that alcohol exerts its earliest effect at 
the level of the reticular formation and that the changes in 
electrical cortical activity are subsequent to the primary 
reticular depression. In this preliminary communication 
are presented results on the effects of aleohol on the 
evoked responses recorded from the reticular formation 
and cortex following stimulation of the sciatic nerve. 

Acute experiments were carried out in 14 intact adult 
cats. Under ether anesthesia the animals were trache- 
otomized and both femoral veins and one femoral artery 
cannulated. The animals were placed in a stereotaxic 
apparatus and electrodes (concentric needles) were 
stereotaxically placed through a burr hole into the mesen- 
cephalic reticular formation at intercollicular level (F; 2:5; 
L; L5; H; — 2-5) according to the co-ordinates of Jasper 
and Ajmone Marsan‘. Recording electrodes (chloride 
silver balls) were also located on the somatosensory 
cortex. The wound margins and pressure points were 
injected with local anesthetic and the ether then discon- 
tinued. The animals were immobilized with ‘Intocostrin’ 
(Squibb), maintained on artificial respiration and kept 
warm under a heating pad. The sciatic nerve contra- 
lateral to the recording electrodes was cut before the ether 
was discontinued and the central stump stimulated elec- 
trically, 2-3 h post-operative, with single rectangular 
pulses of 7-9 V and 0-1-0-2 msec duration, delivered every 
2 sec. The evoked potentials in the midbrain reticular 
formation and in the somatosensory cortex were simul- 
taneously amplified and recorded on the face tube of a 
502 dual beam ‘Tektronix’ oscilloscope. Photographs were 
taken with a ‘Grass’ kymograph camera. Arterial blood 
pressure was continuously monitored via the cannula 
inserted in the femoral artery which was connected to a 
mercury manometer. A 20 per cent solution of ethyl 
alcohol at a dose-level of 1 g/kg was slowly injected 
through one of the femoral cannulas which was used for 
this purpose only, The duration of injection was 2-3 min. 
Blood samples for the determination of alcohol-levels were 
drawn from the other femoral vein. Ethyl aleohol in the 
blood was determined enzymatically according to the 
method deseribed in the Sigma Technical Bulletin, No. 
330, April, 1963. Electrode placements were checked by 
histological examination of unstained frozen sections of 
the brain stem prepared as described previously®. 

Fig. 1 illustrates the effect of aleghol on the evoked 
potentials. inthe midbrain reticular formation and somato- 
sensory cortex on stimulation of the sciatic nerve. 
Records of five superimposed frames were taken 2, 5. 30 
and 60 min after the injection to compare with three sets 
of records taken as controls before the injection of alcohol. 
Blood samples were collected before and 5, 30 and 60 min 
after alcohol injection for determination of alcohol-levels. 
In the fourteen animals examined the following results 
were obtained: in nine experiments (Fig. 1, series A), the 
response from the somatosensory cortex was markedly 
depressed while the reticular response was only partially 
depressed 2 min after the administration of alcohol. The 
recovery process was evident 15 min after alcohol injec- 
tion. Both responses recovered to some extent 1 h after 
alcohol treatment though the recovery of cortical response 
was retarded, in comparison with that of the reticular 
formation. In five other experiments (Fig. 1, series B), 
both the cortical and reticular responses were markedly 








RF TRACINGS = 200 pv [20 msec. 
SC TRACINGS = 100 pv LZO msec. 


Fig. 1. Effees of alechol on the evoked potentials in the reticular forma- 
tion (RF) and somatosensory cortex (SC) on the stimulation of sciatic 
nerve, A-1, Control: 4-2, 2 min after aleohol injection, a depression 
which was marked in SC and only partial in RF; A-3, 15 min after 
alkohol injection, onset of the recovery process which, however, was 
retarded in SC: #-1, control: H-2, 2 min after aicohol injection, 
marked depression of both responses: B-3, 1 h after alcohol injection, 
marked recovery in AREF but very little in SC. Each response dis- 
plays five superimposed traces. Upward deflexion indicates negativity 
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Fig. 2. Photonsicrograph of an ulstained coronal section of the mid- 
brain. ‘Track of electrode tip and a number of brain structures are 
clearly identifiable x è. 4-75) 


suppressed two minutes after alcohol injection. However, 
in these animals the partial recovery of the reticular 
response was more marked than that of the somato- 
sensory cortex | h after the injection of alcohol. In 
general, the cortex was more profoundly affected by 
alcohol than the reticular formation. | 
Control experiments were undertaken to rule out the 
effect of the volume of injection and of systemic changes 
introduced by blood pressure effects. Similar volumes of 
normal saline injected intravenously had no effect on 
blood pressure and the evoked potentials. The systemic 
effects of alcohol solution administered were checked by 
monitoring the blood pressure. About 50 sec after the 
injection, a moderate drop in blood pressure of about 
15-20 mm mercury was observed. The initial value 
recovered in less than 2 min after alcohol administration. 
As a rule, the blood pressure values recuperated by the 
time the first record was taken after injection. In about 
5-15 min, in most instances, the blood pressure would 
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MACOLOGY 
Effects of Bovine Pineal 


Glands 

y of the pineal glands has beon 
ai extensive researches?, However, 
serepancy in the reported effeets of pineal 
r pineal extrac.s on tho œstrogenie manifesta- 
ig still uncertain whether the pineal gland 
th estrogenic and anti-cestrogenic, antagonis- 
vg substancos, or only one of them. Moreover, 
ted results have been inconclusive as to the 
on pineal gonadotropic activity of such factors 
nd sex of animals usod as tissue donors!-6, 
we. decided to adopt the male 
for investigations of pineal 
s. Chorionic gonadotrophin 
Jss, Holland) and the hemo- 
so adjusted with saline solution 
mg or 100 mg of fresh tissue) 
riments, extracts of cow pineal 




















NATURE 
increase 20 mercury above the control value and 
remain se However, in 
ure recovered its control value 
tion. These changes in the blood 
to influence the amplitude of the 


95-4 + 24-4 


affected more by éthanol than is the reticular 


ee 


1329 


glar.ds were also used. The extracts were prepared either 
according to the method deseribed by Altschule* or by a 
method described by Bergmann? in such a. way that, 
having made it up with saline solution, 1 ml. of extract 
was equivalunt to 200 mg of fresh pineal gland. The 
preparations were injected into the dorsal lymph sac of 
male edible frogs (Rana esculenta L.). The homogenized 
pineal glands were applied 6 h, and the extracts 3 h, prior 
to the injection of chorionic gonadotrophin, © > 
In the pilot experiments. 








erformed on 80 frogs no 
resporso, as regards spermatozoa excretion, was four.d in 
any ore case after injection of bovine pine i gland. The 
results seom to indicate. that. the assayed pineal glands 
did rot cor.tain any cestroge 

The spermatogenic sonsiti 
charge with the season o 










the urine 6 h after the injection of the hormone. pies 
In the first experiments we noticed that the bovine 
pineal 


pineal glands of male and female calves, and it was found 
that the pineal glar.ds of female calves inhibited the frog 


Table 1. Effects of parenterally injected homogenized tissues and extracts 

from bovine pineal glands on spermatogeni¢ response of the male frog, 
Rana esculenta, to chorionic gonadotrophin injection = = 

-o Spermatogenic response — 
No. of “No.of” Relative  P* 

frogs frogs (%3) | 
Bd 62 
32-90 
70-70 
97°23 





No. of Treatment 
Control group; ‘Pregnyl’ | 
50 LU. 40 -20 
Cow pineal, 0-05 g: i eee 
‘Pregnyl 50 LY. 45 16. 

3 Cow pineal, Œœ} g; a 
‘Pregnyl SOLU, 49 7° 
4 Calf pineal (2) 6-1 g; . 
‘Pregnyl 5O LU. A2 Q 
5 Calf pineal (3) 0-1 g; 
‘Pregnyt BOLU. 66 33 
6 Calf pineal (2 3) Olg: os 
‘Pregnvl’ 50 LT 49 Bi 
7 Cow pineal extract by 
Bergmann (0-2 g of a 
gland): *Pregnv? 50 tc. 23 1i 
Cow pineal extract by 
Altsehule (0-2 g of a 
gland}; ‘Pregnyl’ 501.0, 25 16 98-46 


* Compared with the control group No. 1 by the X? method, 


bois 


73-58 


th 


> OS 


The results of the experiments are shown in the Table 1. 
For closer comparison, the number of. frogs which 
rendered a positive spermatogenic response in a control | 
group was taken as 100 per cent (relative per cent). In. 
relation to that figure, the percentage of frogs reacting in 
the experimental groups was calculated (Fig. 1} — 

It seems that controversies on the subject of cestrogenic 
and anti-cestrogenie properties of the pineal gland n 108. 
with in the available literature might be the result of 
not taking into consideration those peculiarities which are 
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oe l Calf pineal 9, 0.1 E Altschule’s Extract — 


Fig. 1. Inhibition with pineal preparations of male frog spermatogenic 
regetion. ot +, P < 00 +, Pos 005; m P > OOS 


=o connected with the. sex of the animals used as pineal 
tissue donors. Moreover, it should be pointed out that 
after an application of 50 mg of cow pineal gland the 

. inhibition of the frog reaction was nearly twice as weak 
as after a dose of 100 mg. It is to be expected that tho 
described reaction of the inhibition of the frog spermato- 
-gonic test might be applied as a method of biological assay 


of the anti-estrogenic properties of the pineal gland. 
Although several methods have already beon suggested 2:10 
for assaying the potency of pineal preparations, our 
method seems to have some advantages because of its 
simplicity, speed and cheapness. 
poe oo popor: JUSZKIEWICZ 
| na ZOFIA RAKALSKA 
Department of Experimental 


D Pharmacology and Therapeuties, 


Veterinary Research Institute, — 
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Excretion of Neostigmine labelled with 


Carbon-!4.in Urine 

ALTHOUGH neostigmine (prostigmin) has been used for 
about thirty years for the treatment of myasthenia 
gravis, and later for the post-operative reversal of tabo- 
eurarine, relatively little seems to be known about the 
mechanisms involved in its metabolism. and excretion. 
The inhibition of plasma cholinesterase has been used asa 
convenient indicator of neostigmine concentration, and it 
has been shown that after administration to dogs and to 


Department of Pharmaco 


Table 1, RENAL EXCRETION OF NEOSTIGMINE BY THE HEN AFTER INTRA- 
MUSCULAR INJECTION. OF NEOSTIGMUNE LABELLED WITH CARBON-14 


Dose. -Pereentage of dose recovered Duration 
neostigmine in urine from each kidney of collection 
inig) >. Fpsilateral Contralateral (min) 


1 O67 Ba? 57 90 
2 33g oon B58 16 90 
3 0338 598 7-7 120 
4 P388 ae 6-5 135 

The renal tubular transport of N’-methylnicotmamide 
(NMN) and of a number of other quaternary nitrogen - 
compounds has been shown to be inhibited by the basic 
cyanine dye, 1’-ethyl-3,6-dimethyl-2-phenyl-4-pyrimido-2’- 
cyanine chloride (‘Cyanine 863). Experiments in which 
labelled neostigmine. was injected in single doses and by 
continuous infusion into the saphenous vein of tho hen 
have shown that the apparent tubular exeretion factor is 
substantially reduced by prior or concurrent administra- 
tion of ‘Cyanine 863’. 

We conclude from this evidence that when neostigmine 
is injected a substantial proportion of the dose is elimina- 
ted by renal tubular secrotion. 

The urine collected in the experiments on hens has been 
examined by paper chromatography and electrophoresis; 
most of the carbon-14 is present as neostigmine but there 
is also evidence of m-hydroxyphenyltrimethylammonium, 
a metabolite of neostigmine previously reported by Scott 
et al.®, eee | 

We thank the Distillers Co., London, for a grant in 
support of this research from which one of us (B. H. T.) is 
in receipt of a maintenance grant. The ‘Cyanine 863’ was 
kindly supplied by Dr. L. G. 8. Brooker of Eastman 
Kodak Co., New York. — 
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ge inc uced in Plasma by Certain 
atty Acids 


ids in the production of hyper- 


lood has been recognized for a 
for examplo, the presence of certain 
en. shown to facilitate blood clotting 
rpercoagulability has been demonstrated in 
om human subjects after a meal of high. fat 
It has been shown recently that the addition 
tty acids to plasma accelerates the clotting 

especial interest are observations by Poole 

that small quantities of long-chain saturated 
8, but not unsaturated congeners, evoke a 
reoagulability of blood in the thrombus- 

















embolie disease; that. is, 
platelets and leucoeytes and a fibrin 


















PEROT OF FATTY ACIDS ON RELEASE oF HISTAMINE FRON RABBIT 
PLATELETS UNDER VARIOUS CONDITIONS * 


Condition Histamine release 


ee a eee (control = 1-0)+ 
yristic acid (25 paint} 


Lọ (0-1-3) 

my primik) 22 (1-3 2-9) 
eld (25-250 well.) LS (0-1-9) 
U perm 30 (Lg- 51) 
25 g/ml.) 5-0 (30~ 9-8) 
O pain 6-5 (36-104) 
{ D (24~ SO) 
AD (Bg dA) 

EO (eS 1-2) 

ee 11 t10- 1-3) 

"a P2 {09 1-4) 

talem D8 (F8 12) 

aC) 07 {05 1-2) 

nrin solution OR PB- 1L 


vith rabbit platelet-rich plasma ja the 
as described in text. _ 

tase denote ratio of percentage available 
atal tubes. divided by histamine released in 
in + ecalelum) at 37°, 
onin release 
measured, 


i Figures in parem- 
(net shown) was about the samp 





own in Table 1, a marked release of platelet histam- 
din tubes to which small quantities of stearic, 
or behenic acids were added, while relatively 
clease occurred with lower molecular weight 
ty acids or with unsaturated fatty acids, even 
at much higher concentrations, indicating a considerable 
degree of specificity in the mechanism. Fig. 1 illustrates 

he effec various concentrations of stearic acid. As 
» 1, no histamine release occurred in the 
in tubes kept in the cold (5° C). 
a factor is suggested by the 
d not act on washed platelets 
avine serum albumin solution 

















NATURE 


1331 


70 
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wa 
keea 


Se 
oe 


Release (per cont) 


zü 


iO 





ü 10 20 30 40 
Stearate concentration (y/ml.) 


Effect of various concentrations of stearic acid in release of 
platelet histamine ` 


50 


Fig. 1, 


x 





Fig. 2. Effect of stearie acid (25 ERME) on rabbit platelets, Tubes 
were incubated and centrifuged as deseribed in text- Lett. to right: 
(1) plasma—-no stearate; (2) plasma + stearate ün caletum: (3 
plasma + stearate; (4) plasma (60 per cont) + bovine serum albumin 
(50 per cent) + stearate; (5) plasma (25 per tent) + bovine serum 
albumin (75 per cent) + stearate: (6) hovine serum al] punin + stearate. 
All tubes contained heparin (80 aui.) and {exeept for No. 2) excess 
calcium ion. Figures for histamine release were: (1) 10, (2) 5, (3) 66, 
(4) 38, (5) 25, (6) 8 per cent nk l 


(Table 1). Fig. 2 illustrates the effect. of stearic acid on 
platelets suspended in various combinations of “plasma 
and bovine serum albumin solution. - In the presence of 
plasma, stearate, and caleium ion, most of the. platelets 
have adhered to the vessel wall, but platelet damage, as 
estimated visually or by histamine release, is minimal in 
the absence of any one of these factors. | 

The platelet damage described here occurs even in the 
presence of sufficient heparin to block the action of 
thrombin on fibrinogen or on platelets. The fatty acid 
effect thus may act through an early stage of the coagula. 
tion mechanism, one not affected by heparin. The 
mechanism possibly involves the action of Hageman 
factor, thought to be responsible for the effects of fatty 
acids on whole blood coagulation, The heparin- 
insensitive mechanism of this type of platelet damage may 
be of importance in the ætiology of white thrombus forma. 
tion and hypercoagulability. The experimental system 
described in this communication could provide a tech- 
nique for the study of certain early coagulation steps. 
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IMMUNOLOGY 


Hemolytic Complement and Serum 

: Bactericidin | 
IN @ previous communication’, serum bactericidin was 

related to a clotting factor extracted from fibrin. Several 
properties of this bactericidin are known to be shared by 
hemolytic complement, such as inactivation by heating at 
56° C for 30 min and removal by filtration through Seitz 
filter pads. Complement, like bactericidin, is absent from 
uncoagulated cell-free plasma*. Further investigations 
comparing the two serum activities were undertaken. 

Both guinea pig and human sera served. as sources of 
complement. Experiments were set up as follows. To 
fresh serum dilutions made up in 0-2 ml. of 0-9 per cent 
sodium chloride were added 0-2 ml. of 0-75 per cent sheep 
erythrocyte suspensions, Such cells had to be sensitized 
with immune hemolysin when guinea pig serum was used, 
whereas with human serum this was not necessary. Tubes 
were incubated in a 37° C water bath for 1h and read for 
complete hemolysis. The smallest amount for this reaction 
or unit of complement was 0-005-0-01 mi, of guinea pig 
serum or 0:01-0:02 ml. of human serum. The difference 
between the action of guinea pig and human serum was 


- explained by the finding that human serum normally 
= contained both complement and sheep hemolysin. Heat- 


ae ing at 56°C for 30 min destroyed complement but left 
behind antibody which would bring about sheep cell lysis 


with ‘guinea pig serum. The antibody could not be re- 


foe ‘moved by repeated washings ‘of the sensitized cells with 


saline. Its titre was determined by lysis with guinea pig 
-serum (2 units of complement) as well as agglutination with 
anti-human globulin. Identical results were obtained. 


: = With most sera the minimal reactive dose was 0-005 ml. 


- Normal human serum also contains sheep red blood cell 
agglutinins but of a much lower titre. A high titre of such 
agglutinins, as present in the sera of patients suffering from 
infectious mononucleosis, did not affect the hemolysin 
titre. 

No difference in the action of human and guinea pig 
complement was observed. Neither one was able to bring 
about the lysis of human Rh-positive cells sensitized with 
low-titred antibody, which strongly reacted with anti- 
human globulin. Like bactericidin, both were inactivated 
by lytic factor and heparin! Only 0-01 ml. of potent 
lytic factor preparation was required to block the action of 
2 units of complement. The reaction was immediate. It 
could be reversed by the addition of excess complement. 
Barium sulphate in 10 or 25 mg quantities absorbed in 
10 min all complement from 0-1 ml. of human or guinea 
pig serum but did not affect serum bactericidin. Both 











in thermo-. 


ericidin in the 
‘as reported pre- 
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vious - 
Sera of an of p rat 
infectious and organic diseases were an 
ment and sheep hemolysin. Consid 
either one factor or both was noted in mau 
no consistent pattern emerged. High b 
often coincided with reduced compl 
pig serum, though rich in eompleme 

From the results of th 



















umber of patients suffering 


studies"? it would seem that c 
fibrin, C reactive protein, serum 
lytic complement share a chemic: 
immediately prior to or during fibrin form 


evidencet points to a steroid glu suronide. | 





Jt would also | 
appear most likely that their differences in physico-chemical 
and physiological properties are due to association with | 
different proteins. ` 
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Specificity of lsoantisera against Leukzmic 

and Thymic Lymphocytes 

Tas communication concerns the specificity of 
isoantisera prepared against leukemic and against thymic 
lymphocytes of AKR mice, as determined by immune 
eytolysis'*.. Discovery of a strong antigen associated 
with the thymic lymphocytes of AKR mice is also reported. 
A preliminary report has been madet. 

For immune cytolysis of L4946 leukemic lymphocytes 
of AKR mice, the small-scale assay system previously 
described in detail? was used. The only change was use 
of 100,000 cells per assay tube. Essentially the same 
eytolysis system was used for thymic lymphocytes, except 
that absorbed hamster serum at a final concentration of 
10 per cent was used as source of complement?. 

Isoantisera were prepared by injection of leukemic and 
of thymic lymphocytes of AKR mice into mice of strains 
C57 BL/6 and C3HeB/Fe(ref. 3). The cytolytic potencies of 
each of the four isoantisera were determined against 
14946 leukemic cells and against thymic lymphocytes 
(Table 1). Cytolytic potency is expressed as 100/cytolytic 
titre, whera the cytolytic titre is the final concentration of 
isoantiserumn (per cent) giving 50 per cent cytolysis of cells 
present in an assay tube, Specificity is expressed as the 
ratio of cytolytic potencies’ ; it refers to specificity against 
cell types, and has no direct bearing on the presence or 
absence of specific tumour antigens. 

The relatively high potency of C57BL/6 isoantisera for 
cytolysis of £4946 leukemia (Table 1, A) correlates well 
with the complete resistance of C57BL/6 mice to intra- 
peritoneal transplantation of £4946 cells. The low 
potency of C3HeB/Fe isoantisera for cytolysis of £4946 
Table 1. SPECIFICITY oF ISOANTISERA AGAINST LEURÆMIO AND THYMIC 
7 _ LyMpHocy Tes 


cytolytic potency for cytolysis of Specificity 
prepared O pG Thymic against £4946 
~ against leukemia (AKR) lymphoeytes (AHR) leukemia 
A. tsoantisera prepared in C57.B.L/6 mice, 

14946 leukemia FR 

Thymic lymphocytes 24 

Specificity against 

L40446 leukemia — $2 

repared in Cazen {Fe mice. 


Tsoantisera 


195 
0053 
366 


450 


0-0089 
B. Ikoantisera p 


74046 leukemia 

Thymic. lymphocytes 3 

Specificity against 
L49468 leukemia 1:33 


340 0-012 
450 0-0067 


0-76 rs 
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0 correlates well with the semi- 
Fe mice to implantation of the 
eing 200,000 cells. In contrast, 
injected intraperitoneally mto 
ig tumour originated, is approxi- 
‘we have been unable to demon- 
ody in this situation. 











ymic lympho- 
all specificity of 
in the resistant 


Moreover, 
us toe carry anti- 
ponding to the H-2 allele of that strain?*. For 
hi ms, isoantisera prepared in C57BL/6 mice are 

tively potent against 14946 cells which carry antigens 

onding to the H-2k or H-2k’ allele of AKR mice, 

antisera prepared in C3HeB/Fe mice and also 
£4946 cells are barely active. 

ne or more strong antigens on the surface 
iymic lymphocytes is revealed by the strong 
tencies shown against these cells by isoantisera 

SileB/Fe mice (Table 1, B), which were 
ained despite compatibility in the H-2k or H7-2k’ 

e. Detailed information regarding these antigens can 

duced from the results given here. This will be 
where when further experiments have been 
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PATHOLOGY 


ling of Cell Material from Human 

Tumours by Aspiration Biopsy 

which is aspirated from human careino- 
edle consists largely of plugs of 
<ture of interstitial fluid and 
lIn earlier investigations!-3, 
was isolated by centrifugation 
tic analysis. The activity of 








NATURE 


dipeptidase and of acid and alkaline phosphatase enzymes 





was determined in cells aspirated from, mamn 



























ions during 


handle 









s carefully expressed into 
0-2 ml. of sterile Simms’s balanced salt solution in a 2-ml. 
centrifuge tube. A cell suspension is prepared by gentle 
pipetting with a sterile Pasteur pipette. Aliquots. are 
taken for cell counts in a Biirker hemocytometer chamber 
and for vitality tests, using the membrane permeability 
for eosin Y or lissamin green dyes as indicators of death of 
the cells’. The remainder of the suspension is sedimented 
by centrifugation at 20g in a refrigerated centrifuge at 
4° C and resuspended in. tissue culture medium for short- 
term tissue culture investigations (results to be published 
later). 

Fig. 1 shows the percentage of permeable cells in cell 
populations aspirated from two tumours on consecutive 
days during radiation therapy. A conventional X-ray 
apparatus (200 kV) was used and the skin doses were 
recorded. The filled circles indicate death of cells in 
aspirate from a lymph node metastasis (diam, about I em) 
of a poorly differentiated squamous carcinoma, The open 
circles denote cell death in aspirate from a tonsillar 
lymphoblastic lymphoma (diam. about 3 em). 
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Fig. 1. Percentage of permeable cells in tumour populations aspirated 

on consecutive days of radiotherapy. @. Lymph-node metastasis from 

squamous carcinoma; O, lymphoblastic lymphoma; triangles, irradiation 

dosage 

Clinically the metastatic Squamous carcinoma proved 
to be fairly resistant to irradiation and persisted after 
treatment, whereas the lymphoma was radiosensitive and 
disappeared on the eleventh day, a 

In apparent contrast, Fig. 1 shows that death of cells 
in aspirate from squamous cell carcinoma increased during 
radiotherapy, the maximum being reached durin 
last days of treatment. No measurable increase of 

























when > | 






herto obtained do not indicate if the 


ht 
latter tumour were attributable to selective 
of damaged cells from the tumour site during 
diation, before death of cells could be registered by 
ans of dye permeability tests. However, it seems 
irtinent to mention that cells aspirated from tumours 
which clinically are regarded as radiosensitive (for example, 
lymphoblastic lymphomas, seminomas, or some low- 
differentiated carcinomas or sarcomas) display in smear 
preparations or suspensions marked decrease of mutual 
adhesiveness and behave as individual free cells. Contrary 
behaviour is shown by highly differentiated carcinomas 
and sarcomas. The possibility must therefore be taken 
into account that during radiotherapy the cell populations 
of clinically radiosensitive tumours may become mobilized 
as a result of low mutual adhesiveness! before death of the 
cells can be demonstrated by dye tests. 
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BIOLOGY 


Silurian Echinoid Pedicellariz from New 
South Wales 


So far pedicellarize are unknown in echinoids older 
than Carboniferous. The Silurian echinoid with which 
pedicellarie occur has been recorded by Sherrard), and is 
now catalogued as 18554 in the University of New England 
Paleontolegical Collection. It was collected from 
Vallance’s Hill, Portion 177, Par. Namina, some 12 miles 
south-east of Yass, New South Wales, from rocks regarded 
as Ludlovian in age. 

The echinoid is the mould of an imbricate lopidocentroid 
in which the corona has disintegrated leaving an accumula- 
tion of isolated plates, radioles, maxille and (7) teeth. 
Although both secondary limonitic staining and the 

coarseness of the enclosing matrix to some extent obscure 
finer detail, the remains of eight pedicellarias are visible 
among the debris. 

The pedicellariw (Fig. 1) are all small, 0-34-04 mm 
in height, with the base reaching a maximum diameter 
of 0-16 mm. They possess narrow elongated blades more 
than two-thirds their height. All are three-valved, typical 
tridentate pedicellarie. No details of apophyses can be 

geen, nor can any stalks be identified. 

Knowledge of Paleozoic echinoid pedicellaria is con- 
fined almost solely to the studies of Geis*, who described 
isolated pedicellarize collected from Carboniferous strata 
of Texas, Illinois and Missouri. Jackson’ also has recorded 
a single pedicellaria associated with a specimen of Meeke- 
chinus elegans Jackson from the Permian of Kansas. 
teis fourd not only globiferous and tridentate types, but 
also ophicephalous pedicellarie, which Mortensen‘ attri- 
buted to the Lepidocentroida by analogy with those of 
living echinothuriids. In passing it must be noted that 
Durham and Melville® were unaware of the oceurrence of 
Paleozoic ophicephalous pedicellaria when they proposed 
an echinoid classification in which the sub-classes were 
based virtually on the presence or absence of these‘, 

The seeming absence of ophicephalous pedicellarize 
in the Silurian lepidocentroid reported here, is, perhaps, 
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Fig, 1. Unretouched photographs of moulds ‘of two. tridentate pedi- 
cellarie from the Silurian of New South. Wales- {x 100) 


to be expected. Their absence in living cidaroids suggests 
that they were as yet undeveloped in lepidocentroids when 
the cidaroids arose from this order, probably in the 
Devonian. Regnéll” has described some isolated raclioles 
from the Upper Silurian of Gotland as Silurocidaris 
clavata. These, however, cannot be taken as indicating 
the Silurian oceurrerce of the Cidaroida, for thev lack the 
microstructure characteristic of representatives of this 
order. 

Déderlein® has deduced from the examination of 
pedicellariw of living echinoids that the tridentate type is 
the primitive parental form from which other types have 
been differentiated. While an argumert based on such 
premises lacks sure foundation, support. for Déderlein’s 
conclusion is now provided by the oldest echmoid pedi- 
cellariæ from the fossil record. 

This communication establishes the carly origin of 
simple tridentate pedicellarie within the Echinoidea, and 
suggests that the possession of pedicellaria may be a 
necessary attribute of this echinoderm class. 

G. M. PHILIP 

Department of Geology, 

University of New England, 
Armidale, New South Wales. 
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Glucose-6-phosphate Dehydrogenase and 
Potassium Concentration in Sheep Erythrocytes 


Tue relationship of glucose metabolism to electrolyte- 
levels in erythrocytes has been the subject of numerous 
investigations. 

Evans and King! established that the potassium con- 
centration (K+) in sheep erythrocytes was under genetic 
control and could be greatly altered by the presence of one 
or another of a pair of alleles at one locus, the gene for 
high potassium being recessive to that for low potassium. 
The Australian Merino belongs predominantly to the low- 
potassium group and its erythrocytes have potassium- 
levels even lower than those of the low potassium groups 
in British breeds*?. New-born lambs of all breeds examined 
have high erythrocyte potassium-levels, which decrease 
gradually and reach adult values when the animals are 
about 2 months old’. 

Wright ef al.4, investigating glucose metabolism in 
young lambs, found that. as potassium-levels decreased 
with the age of the animal, so the rate of uptake of oxygen 
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served with erythrocytes from high- 
wn sheep when they were compared 
tassium Merinos®. 
lier experiments* on Peppin Merinos erythrocyte 
phosphate dehydrogenase (G-6-PD) activity 
ound to be very low, about 5 per cent of normal 
ed cell values, Subsequent tests on Merino and 
ss-bred animals, however, yielded somewhat 
ss. It seemed of interest, therefore, to investigate 
ationship between (K+) and glucose-6-phosphate 
drogenase activities in the erythrocytes of different 


ges chosen at random from: (1) a closed fiock 
adown sheep; (2) inbred families of Peppin 

The experimental techniques used for the 
lation of potassium? and glucose-6-phosphate dehy- 
in erythrocytes were described earlier. Experi- 
ils and results are given in Table 1. 
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vara 0PD activity was estimated spectrophotometrically by the rate of 

vo NADP rednetion in ú system containing glyeylglycine buffer pH 7-6, 46 mM: 
igUl 16-7 mM; NADP, 774M: G-6-PD, 8-3 mM: hemolysate, 0-2 ml; 
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tror (K+) and 
activity are significant in the low-potassium 
f both the Southdown and the Merino sheep 
d £ < 0-001, respectively). The correlation in 
Southdown group is not statistically 




































6-PD activity were very similar in the 
roups of the Southdown animals. The 
‘ino sheep, however, seemed to have a 
enzyme than those of the British breed. 
erformed on the enzyme values obtained 
wn and 56 Merino sheep showed. the 
icant at the 0-1 per cent level. 

from those of Budtz-Olsen et al.', 
o demonstrate G-6-PD activity in 
potassium sheep erythrocytes and 
were deficient in this enzyme. The 
‘for the determination of enzymatic activi- 
»wever, different from those used in our 
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Fungal Infection on the Pollen Grains of 
Schizanthus pinnatus Ruiz and Pav. 


ALTHOUGH fungal infections of the floral heads have 
often been observed in a number of plants, the nature of 
such infections on the pollen grains has usually escaped 
attention, The examination of the fungal relations 
of pollen grains is a new field of research, and may 
be deemed to be of importance in considerations of 
pollen viability and the dissemination of parasitic 
fungi. 

Fungal infected floral heads of Schizanthus pinnatus 
(Solanaceae) were collected from the nursery of the National 
Botanic Gardens, Lucknow, in March, 1963. The infected 
flowers were crushed in lacto-phenol, warmed over a flame, 
and stained with cotton blue, for microscopic examination. 
Pollen grains of Schizanthus are provided with three 
germinal furrows, and with highly vacuolated protoplasmic 
contents. The infection of these pollen, grains (Figs. 1-5) 
18 caused by Alternaria sp., in various ways. The hyphæ 
enter the pollen at the furrows, ramify in the protoplasm, 
and sometimes pass out through the other furrows. The 
region of the hyphe inside the pollen grains (‘intrapollinous 
hypha’ as opposed to ‘extrapollinous hyphx’) produce, 








Figs. 1 and 2, Photomicrographs showing the fungal (Alternaria) 
infection on the pollen of Sechizanthus pinnata (Fig. 1, x 285: Fig. 2, 
x 570) 





Figs, 3-5. Line diagrams of Figs. 1 and 2. Cp, Colpus; Cn, conidia: 


Ezr, exine of pollen: Hae, haustoria; Hy, hyphae: Pr, protoplasm of 
pollen l 

















d materials from the pollen. | 
the ‘intrapollinous’ hyphae remain either vegetative or 


By : -form conidia and lie either along the pollen wall or at the 
o gentre of the grain. 
“the dissolution of 


The fungal infection seems to cause 
a ch the protoplasm either partially or 
completely. Similar infections have been observed in 
the pollen of Cocos nucifera and also other cultivated 
plants. 

We thank Prof. K. N. Kaul, director of the National 
Botanic Gardens, Lacknow, for his advice. 


P, K. K. Nam 
H. A. KHAN 


Palynology Laboratory, 
National Botanic Gardens, 
Lucknow. 


Embryos derived from Callus Tissue Cultures 
of the Wild Carrot 


INDEPENDENT regeneration of root or shoot primordia 
is common in higher plants. However, the simultaneous, 
integrated development of both primordia from a single 
small mass of moristematic cells is found almost exclusively 
in ovular embryos. We have observed the development 
of structures bearing both these primordia, from callus 
tissue cultures of the wild carrot, Daucus carota L. These 
structures closely resemble in situ pro-embryos and 
embryos both morphologically and in their pattern of 
development. 

The callus was obtained by aseptically culturing root 
tissue on a semi-solid modium designed by Caplin and 
Steward?, It was sub-cultured through soveral transfers 
prior to use. Embryos were obtained by transferring 
single 4-6 em pieces of callus to a liquid version of the 
culture medium and rotating these in an apparatus 
similar to that described by Steward et al.*. Ton days after 
transfer, some cultures had produced 50-100 of the struc- 
tures pictured in Fig. 1. All stages of development, from 
compact nearly spherical bodies 0-2 mm in diameter to 
those with projections resembling cotyledonary nodes and 
radicles. were observed at this time. Subsequent develop- 
mont of these pro-embryo-like structures is pictured in 
Fig. 2. Green cotyledon-like appendages and typical 
roots have formed. If these plantlets were removed from 
the liquid nutritive modium at this stage and transferred 
to a moist agar substrate containing only the mineral 
components of the culture medium, development con- 
tinued slong normal seedling patterns and young wild 
carrot plants were produced. 





Fig. 1. Embryo-like structures taken from a ten-day-cld liquid culture 

of wiid carrot callus, Cotviedonary-nede-like projections are present 

at one end of nearty all structures, The two largest structures each have 
a well-developed root tip. Seale, 1 mm 








Fig. 2. Wild carrot planticts whieh have developed from the structures 


shown in Fig. 1 after 2-8 weeks’ further culture. Scale units, cm 

The origin of these embryo-like structures is uncertain. 
They appeared freely suspended in the culture medium at 
the earliest stage at which they could be dis tinguished 
from the debris: They may have been formed at the 
surface of the callus mass or from clumps of free-cells 
which were commonly observed in these cultures. Their 
development is distinetly different from the plantlet 
formation described by Steward et al. in cultures of the 
commercial carrot}. These authora reported that first, 
minute tissue masses were formed in cell aggregates of 
freely-suspended cells, When these ‘nodules’ reached a 
certain size, inner cells became lignified and ‘tracheid- 
like’ and became enclosed by a sheath of ‘gambium-like 
elements’. Root primordia formed in the cambial region. 
Shoot primordia did not appear until rooted ‘nodules’ 
were transferred to stationary agar media. 

In our cultures, the smallest recognizable organized 
structure (about 0-1 mm diameter) consisted of densely 
packed small meristomatic cells. Even these small cell 
masses appeared to be polarized, with the long axis of the 
cells oriented in one direction. No lignified vascular 
elements and no cambial sheath were formed. As the 
size of these structures increased they became eylindrical 
(Fig. 1} with long axis parallel to the long axis of the cells. 
Root primordia appeared at one end of the elongated 
pro-embryo-like structure while green cotyledon-like 
appendages developed simultaneously at the opposite end. 
Normal appearing roots, with a root cap, root hairs and 
oscasional lateral rootlets were then formed By the 
time the roots were several om long, the region correspond- 
ing to the hypocotyl of a seedling was approximately 1 om 
long and strongly red-pigmented as is often true of the 
hypocotyl of seedlings of this species. Extensive develop- 
mont of the shoot apex and true leaves was not observed 
in rotating liquid cultures but appeared in all plantlets 
soon after transfer to stationary cultures. 

The basic difference between the phenomenon reported 
here and that reported by Steward ef al.1 seems to be inthe 
time of development of the polarizing forces which are 
thought to direct differentiation and axial development of 
the root and shoot meristems. In our cultures this 
polarity seemed to exist in the earliest stages. This leads 
to a very orderly development in which root and shoot 
poles developed. simultaneously and in a manner similar 
to that of normal embryogenesis. In the case stud ied by 
Steward et alt, the organization of root primordia was 
delayed until a sizable mass of cells was formed by rela- 
tively disorganized growth. Steward’, in fact. stresses the 
role of isolation of the innor cells of the ‘nodules’ from the 
nutrient medium. as an important step in the initiation of 
orderly growth. The initiation and subsequent develop- 
ment of the root primordia were more typical of branch 
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clic in origin than it was of the 
ence of embryos. Shoot develop- 
t occur until rooted: ‘nodules’ 
ilateral influence of gravity. 

is work it would seem that the 
mibryogenesis can be duplicated 
nity, provided by these tissue 
arly stages of the organization of 
systems may eventually permit 
cidation of the controlling forces 
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k bayni by Rhizoctonia 
i and O rchid Endophytes 


olani has frequently been isolated from 
| rple marsh orchid, Orchis purpurella, with 
: y form a normal mycorrhizal symbiosis. Such 
ytic strains and others isolated as pathogens from 
rop plants often show symbiosis to O. purpurella 
ns in culture testst?, In the absence of any 
the pectolytic potentiality of orchid endo- 
a development of this investigation has been a 
tive examination of the production of pectic 
ious Rhizoctonia strains in vitro. 
ed included pathogenic R. solani strains 
ı potato and Rs 10 from rice (respectively para- 
abiotic to O. purpurella protocorms) and two 
<0 typical: symbionts R. repens (Rr) from O. purpurella 
Ear and R. goodyerae-repentis {Bgr) from Goodyera repens. 
_ Cultures were grown at pH 5-6 in static liquid media con- 
ee taining 1 per cent: glucose or apple pectin as carbon source, 
le 35 per cent casein hydrolysate, 0-05 per cent yeast 
x i | per cent KH,PO,, 0-05 per cent MgSo,7H,0 
lements. With all the strains tested, growth 
mation followed a similar pattern on the 
. being only slightly less good a carbon 































were collected daily and assayed at 
optima for the enzymes endopoly- 
3,  endopolymethylgalacturonase 
inase. PG and PMG activity was 
metrically and expressed in arbitrary 
me of culture filtrate using a modi- 
od of Roboz, Barratt and Tatam*. 
fy was expressed as a maceration 
thodé. 
‘tion was negligible on glucose, but 
mounts were secreted throughout 
m pectin media. Typical resulta for 
ires on pectin are given in Table 1. 
ENZYME ACTIVITY OF CULTURE FILTRATES OF ACTIVELY 
SWING: Rhizoctonia STRAINS ON A PECTIN MEDIUM 


Rs 6 Re 10 Rr Rar 
4 7* 4 
119 90 67 109 
15-8 41-5 427-6 pÜ 
i7 54 42-7 1-2 
: ee on AA 6-3 39 6-4 37 














*Growth-rate of R. repens was lower than that of other strains. 


that. on the strains tavs a Saget vl ‘ality 


their pS or parasite 
the pectic enzyme potential of 
igh. It has not yet been possible 
production by orchid endophytes 
¿ely that parasitic and symbiotic 
iminated on the basis of pectic 
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enzyme production alone. The symbiotic host: endophyte | 
complex must incorporate factors. controlling the produc- 
tion of pectic enzymes which otherwise might give rise to 
a pathogenic condition. Itis suggested that these factors 
arise only as the result of the interaction of the metabolic 
systems of the two partners. 

So far as is known, this is the first demonstration of 
pectic enzyme production i symbiotic mycorrhizal fungi. 

| o, G. Hapiey 
<M. PÉROMBELON 

Department of Botany, ae ~ = 

University of Aberdeen. = = 
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8-p-1,6-Giucanase in Streptomyces 

ACCORDING to Reese et alo, 6§-p-1,6-gluean rarely 
ocours in Nature, yet many fungi are able to produce an 
enzyme capable of hydrolysing it. Production of 8-n-1,6- 
glucanase by Streptomyces has not been. reported. 

Previously*:? we reported that a newly isolated miero- 
organism produced lutease (6-1,6-gluean-6  glacano- 

hydrolase) when grown in a Czapek medium. containing 

peptone and higher-molecular-weight luteose instead of 
sucrose. This latter substance is a (-p-1,6-glucan. pre- 
pared from mucilage which was produced from glucose by 
Penicillium aculeatum Raper and Fennell var. apiculatum 
Abe strain No, 2282 isolated by us from soilt. a 

Since the details of taxonomic. position of lutease- 
producing micro-organism were as yet uncertain, although 
the strain seemed to belong to Streptomyces species, 
morphological and cultural cheracteristies of the strain 
were examined. From the characteristics, that. is, straight 
aorial hyphe (with smooth surface spore), water-green 
aerial mycelium, medium to strong proteolytic action, 
Streptomyces strain No. O P-4—5 was identified as belonging 
to Streptomyces griseus. 

Tests were made to search for hitease production in 


Streptomyces species. Among the 89 species, 92 strains, 


of Streptomyces tested, Streptomyces griseus NILH J.13, 
Streptomyces griseus N.ILH.J.107, Streptomyces parvus 
N.IH.J.115, and Streptomyces niveoruber N.LH.J.413, 
produced lutease more or less by previous culture for 48 h 
at 30° C in a Czapek medium containing peptone and 
higher-molecular-weight luteose instead of sucrose on a 
shaker. The lutease production. of these 4 strains was 
defined by lutease activity assayed. at each culture time. 
Results are shown in Figs. 1 and 2. Two strains of 


15 
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5, 
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sj 

36 48 60 
Culture time (hj 

Fig. 1. 


Production of Turons e Streptomyces griseus N.I. z A AB, and 
Streptomyces pee N.1.H..107. 33 b. Š. 
griseus N.1.H.J.107. Each a was cultured in Genpek medium 
containing 0-2 per cent peptone and 0-5 per cent higher-molecular weight 
hiteose instead of sucrose at 30°C on a shaker. The assay method of — 
lutease activity (ref. 2) was used in the same way w 


S. griseus NIH. 


Pig. 8, Production of lutease by. Streptomyees parvus NILH 
Streptomyces niveoruber N.LHJ4I3. A, S. 2 












J. 
LH.J.115; 


z Streptomyces griseus ‘tested produced. lutease, but the 


production by Streptomyces griseus N.1.H.J.107, was very 


Jow. Lutease activity produced by Streptomyces. griseus 
strain No, OP—4-5 was 25-7 after culture for 36 h culture 
under the same conditions. It may be that Streptomyces 
griseus generally produces luteaso when grown in a medium 
containing higher-molecular-weight luteose. According to 
Ettlinger ei al.', Streptomyces parvus also belongs to 


Streptomyces griseus series. Although the 4 strains pro- 


duced lutease, the amount. was smaller than that of the 
“enzyme produced by Streptomyces griseus strain No. 
OP-4—5 which was isolated by us. 

We thank Dr. H. Umezawa and Dr. Y. Okami, of 
the National Institute of Health, Tokyo, for supplying 
Streptomyces species and for their advice, 

: Norio NAKAMURA 
Osamu TANABE 
Fermentation Research Institute, 

Ministry of International Trade and Industry, 
| Tnage, Chiba City, Japan. 
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VIROLOGY 


= -> Antiviral Activity of Tenuazonic Acid 

Tewvazonte acid (1) was first isolated by Rosett et al.} 
from culture filtrates of various strains of Alternaria tenuis. 
The recent report? of antitumour activity of tenuazonic 
acid prompts us to report our results with this mould 
metabolite. During an antiviral screening programme 
culture filtrates of an Aspergillus were found to inhibit the 
cytopathic effect of measles virus in HEp2 (Moore) cell 
cultures (and to exhibit antibacterial activity referable 
to penicillins). An antiviral compound which later was 
shown to be tenuazonic acid was isolated from these 
filtrates. Isolation was assisted by measles and poliovirus 
plaque tests. 

The Aspergillus, strain F'1404, had been isolated from a 
Venezuelan soil sample and fermented aerobically at 26° C 
for 4-5 days in a medium containing glucose, soy-bean 
meal, brewers’ yeast, and sodium chloride. Crude tenua- 
zonic acid was first obtained from such cultare filtrates by 
‘Dareo’ adsorption, followed by elution with aqueous 
acetone and n-butanol extraction of the concentrated 
eluate. Later the crystalline copper salt and the pure 





3 Eon bale lowing the procedure of Rosett oe: 
~ etali The chemical and physical properties of our acid — 
and its derivatives were shown to be virtually identical - 
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Tenuazonic acid as the sodium salt inhibited the cyto- 
pathic effect of a wide spectrum of viruses. In addition to 
the original measles activity, the compound showed an 
antiviral effect in the range of 500 to 100 ug/ml. against 
enteroviruses (poliovirus ME F-1, ECHO-9, Coxsackie B,), 
respiratory. viruses. (parainfluenza-3 (HA-1), Salisbury 
HGP), vaccinia, herpes simplex HF, and ‘B’ virus. The 
compound was inactive in tissue culture against polyoma 
virus (Stewart and Eddy) and in the mouse against Asian 
influenza (Jap. 305), rabies (C VS), and Friend leukemia. 
Sodium isotenuazonate (prepared by alkaline isomeriza- 
tion of the parent compound) was inactive against polio- 
virus but proved to be approximately as active as sodium 
tenuazonate. against HCHO-9, parainfluenza, vaccinia, 
herpes simplex, and measles viruses. 


Table 1, SODIUM TENUAZONATE VERSUS Ponrovinus MEF-1 IN AGAR 
oo DIFFUSION 


Zone diameter (mm) 
O Activity Toxicity 


Concentration 
(gina) 


5,000 20 
3:570 44 20 
2,500 40 15 


Table 1 shows the results of a polio agar diffusion test. 
with sodium tenuazonate.. The antibiotic was placed on 
filter disks on agar overlay and the zones were measured. 
A. good dose response can be seen. Table 2 shows the con- 
centration of sodium tenuazonate required to reduce the 
number of plaques formed by a representative group of 
viruses by at least 50 per cent. 


Table 2, ARITY OF SoprtmM TENUAZONATE TO INHIBIP VIRUS PLAQUE 


PRODUCTION UNDER AGAR OVERLAY 


xaiml.* showing at least 


Virus 50 per cent plaque reduction 


Measles (Enders) — 
Vaccinia. | 
Herpes simplex (HF) . 
ECHO-3 z 5 


B” virus” | 500 
* Tested at half-log dilutions of 5-0-05 mg/ml. 


Single doses of sodium tenuazonate, administered to 
dose-groups of 25 or 30 18-20-2 ICR male mice, gave LD» 
values of 125 mg/kg+10 (S.#., Miller-Tainter) intra- 
venously, 150 + 10 intraperitoneally, 145 + 20 sub- 
cutaneously, and 225 + 20 orally. Cynomolgus monkeys 
tolerated a single oral dose of 50 mg/kg; doses of 100, 150, 
and 300 mg/kg PO gave survivors/treated ratios of 4/6, 
2/6, and 1/6, respectively. Antiviral activity in monkeys 
has not been studied. 

Sodium tenuazonate was found to be essentially inactive 
against bacteria (31. strains), yeasts (48 strains), and 
Trichomonas vaginalis in vitro. Against the 200-F strain of 
Entamoeba histolytica it proved to be markedly active in 
ghtly active by mouth in cæcally infected 
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- Inclusion Bodies in Dahlia infected with 
Dahlia Mosaic Virus 


Tue formation of inclusion bodies of various types in 
virus-infected plant tissue is not infrequent. Such in- 
clusion bodies are located either in the cytoplasm or, 
less commonly, in the nucleus', 

In a previous paper’, it was noted that the inclusion 
bodies formed in leaf epidermal cells of Dahlia variabilis 
Cav. infected with dahlia mosaic virus were located 
in the cytoplasm. Recently, examination of epidermal 
tissue from immature leaves has shown the presence in 
the. nuclei of inclusion bodies of a type exactly similar 
to that. found in the cytoplasm (Fig. 1). Furthornaore, 
stages have been observed which strongly suggest that tho 
inclusion body, after formation in the nucleus, is extraded 
into the cytoplasm (Figs. 2 and 3). 

The inclusion body at this stage is 2—7u in diamoter, 
spherical, ard apparently composed of an outer membrane 
enclosing s matrix in which are many granular bodies. 
Tt is possible that the membranous portion is not confined 
to the outer surface but may take the form of a reticulum 
in which the granules are located. 








(x 1,000) 





ucles enclosing a large inclusion bedy and smaller nucleolus 
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Inclusion bodies in (bottom) or near 


{top) the nucleus 
{ x 1,000) 





Fig. 3, Inclusion bodies apparently emerging from nuclej {x 1,000) 
The granules stain positively for ribonucleic acid and 
protein, while the membrane stains with Nile blue and 
may therefore contain phospholipid. Present indications 
are that the virus aggregates or replicates at several sites 
in the nucleus, probably corresponding to the granules. 
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taplas atolagia., edit. by Helibrum, L. V., and Weber, 
be Me :16 (Springer-Verlag, Vienna, 1055). 
1, J., and Robb, 5. M., Nat. Dahlia Soe. Ann.. 20 (1962). 


CYTOLOGY 


| Negatively ; Stained Lipoprotein Membranes 


Ix a recent communication Finean and Rumsby' have 
cast doubt on the'reliability of the electron microscopic 
image obtained from negatively stained preparations of 
lipoprotein membrane structures (myelin, mitochondria, 
microsomes and red cell ghosts). Although we agree with 
their remarks about the need for caution in interpreting 
such electron micrographs, it is felt that further comment 
is necessary concerning some of the published literature’* 
mentioned by them. 


During the examination of sub-cellular components? a 


comparison was made between: (a) unfixed negatively 
stained preparations; (b) preparations fixed with either 
formaldehyde or osmium tetroxide, followed by negative 
staining; and (c) conventional thin sections?*. Owing to 
the low osmolarity of the 1 and 2 per cent phosphotungs- 
tate used for negative staining, it was found to be necessary 
with structures sensitive to the osmotic pressure of the 
surrounding medium (for example, nerve ending particles, 
mitochondria) to fix the particles before negative staining 
in order to prevent obvious disruption. Liver mito- 
chondria. are particularly sensitive. With osmotically 
insensitive structures (for example, myelin fragments) 
similar results were obtained with fixed and unfixed 
material. However, exposure of unfixed material to the 
hypotonic phosphotungstate was kept as brief as possible. 
Under these conditions negatively stained preparations 
were found to possess structural features directly com- 
parable with those of positively stained sectioned material 
as.is clearly illustrated in the published micrographs’. 
= We consider that inferences drawn from the X-ray 
diffraction study of air-dried material in the absence of a 
_guitable negative staining agent do not necessarily apply 
to material dried in the presence of a negative stain. As 
with positive staining, the mechanism of negative staining 


ig is not fully understood, but it is probable that the electron 


~~ dense material sets in a rigid ‘glass’ and dries more rapidly 
than does the biological material in the absence of the 
stain. This may well prevent some of the changes seen in 
material air-dried in the absence of negative staining from 
occurring. | eee | 

Turning to the question of biological and artificial 
membranes studied by several authors**, it has been 


+ 


suggested by Finean and Rumsby that the patterns obser- 





Bae ved after treatment with saponinveare a result of changes 
occurring during the final stages of dry: 










i dir As indirect 
evidence that this is not so is the observation that the 
` birefringence of a lecithin-cholesterol dispersion.in water is 
rapidly lost by the addition of a dilute (1 per cent) saponin 


* 


solution, thus indicating a loss of the lamellar structure'in 
Bangham and Horne reported at a recent» 1 


the myelinics. } 
meeting of the British Biophysical Society that the same 
basic structures could be seen in lecithin~cholesterol pre- 
parations treated with saponin after treatment with 
buffered osmium and then air-dried. It was suggested 
that although dehydration effects may still be present, the 
separation of lipid components to form the same basic 
patterns under these conditions was unlikely. 

The observations of Lucy and Glauert’, on the increase 
in length of the helical components with time in mixtures 
of lecithin, cholesterol and saponin, lend support to the 


sont under 







IBD vor. 200 


phase. 
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X-ray diffraction studies of the air drying of myelin 
have included experiments in which myelin fractions from 
brain were dried in the presence of phosphotungstate. it 
is clear that this material does contain layering which 
electron microscopy of thin sections shows to be sumilar to 
that of the normal preparation, but it also includes addi- 
tional layered systems which are significantly different. 
The drying of such specimens was probably appreciably 
slower than that achieved in the preparation of negatively 
stained specimens for electron microscopy. but the possi- 
bility of the existence of more than one type of layering in 
the latter preparations is clearly indicated. 

Our suggestion concerning the remarkably regular 
hexagonal system seen in negatively stained preparations 
of saponin-treated cell membranes, lecithin—cholestero! 
dispersions, and cholesterol monolayers was that this 
particular geometrical arrangement might have been 
formed during the final stages of dehydration. The 
observation that the birefringence of lipid droplets 1s 
decreased by the addition of saponin certainly indicates 
an interaction in the hydrated state but not necessarily a 
loss of lamellar structure nor the formation of hexagonal 
or helical systems. Comparisons of the swelling of brain 
lipid pellets in distilled water and in saponin solutions (up 
to 50 per cent saponin) have shown very similar sequences 
of changes in X-ray diffraction patterns, all patterns so far 
being readily interpretable in terms of a layered structure. 
Similar diffraction sequences have also been observed 
using sodium cholate, sodium deoxycholate, or sodium 
dodecyl sulphate, all of which will dramatically reduce the 
birefringence of lipid droplets in the way that saponin does, 
but which have not yet been shown to form hexagonal or 
helical systems. It would seem to us that the state of 
hydration at which such systems are formed remains 
unknown. 

J. B. FINEAN 
M. G. RUMsSBY 


Department of Medical Biochemistry and Pharmacology, 
University of Birmingham. 


GENETICS 


_ Sex Ratios under Natural Selection 
SEVERAL workers! have shown the numerical equality 
of two sexes (that is, a 1:1 sex ratio) to be selectively 
favoured: in ‘elation to the parental effort involved in the 









rearing of cf springs to maturity. More recently, Kalmus 
an ‘have argued in support of the adaptive superi- 


tio on the basis of such considerations as 
ity, recombination potential and the level 
nfluenced by sex ratio variations. How- 
ever, their arguments are not valid in general and at best 
seem to apply only to the monogamous species. In fact. 
widely deviant sex ratios are reported to occur in the 
natural populations of both polygamodiewcious and 
gynodicecious species**, and Lewis? has suggested that 
sex ratio adjustments frequently through a preponderance 

















eproductive economy combined 
hybridity. 
nalysed by Shaw®, 
ithe presence of 
ote a model of 
recessive in the two 
show that maximum levels of hetero- 
50 where gene frequencies p, q = 4) could 
be attained with variable sex ratios, a result in disagree- 
ment with the view of Kalmus and Smith, 

Consider, for example, a large random “mating popula- 
tion with the following adaptive values at an autosomal 
locus ; 

Genotype 
AA Aa ie 
in females l 1- l +s 
in males 1 l l —¢(s,t > 0) 
Then, for ¢>t>s/1 + 28, there is stable equilibrium with 





s+t—(s—t42) (@—)] 


meni 
O $ HIF 





Dsg 


Thus, for a constant sex ratio, say k, and H, = 


0-50, £ is 


uniquely determined by putting = = 0, which gives: 


pair} fe RE henna snpaaemeesnmnaaiteipammertecenstannaiennee 

J eee (PER ~ Ak — 18 
5 Table 1 gives some numerical examples to show that 
as sex ratio departs from 1: l, selection has to become 
0-50 at eqnili- 


increasingly intense in order to give H = 


“Dram. , 
ERARE ae Table I 
tü 1l 
i} O-is 


12 
0-33 


r4 15 
A | O62 076 
A similar study at a sex-linked locus shows that differ- 
ential selection can establish deviant sex ratios in a popula- 
tion with its hybridity levels even higher than those 
expected under no selection. Likewise with a model of 
cytoplasmic sex-ratio factor by Watson’, it is easily shown 
that in the case of gynodicecious that carry in effect male 
‘Sterility governed by cytoplasmic factors, sex ratio 
varia ot affect the amount of heterozygosity. 
o ation potential of any population or species 
lways be lower in case of unequal sex 
effective population size is indeed 
Sex ratio. In fact, a relative excess 
sex, which is perhaps often trues, should 
ecombination potential in species like 
© crossing-over in the males. 
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Number 

in a Ribes Hybrid following Treatment with 
para-Fluorophenylalanine _ 

East Malling 

different species as 

les, genes of 

ed to culti- 












In transferri 


or partially fertile di 
content from 
advantages. _ 


A number of 


fungit* and in 
are being tested 
in the hope that some of them may have a similar effect on 
Ribes hybrids and thus be capable of inducing the forma- 
tion of diploid sectors, having a limited content of donor 
genome, in BBGG and similar alloploid plants. Results 
are reported here from the use of one of these substances, 
pera-tluorophenylalanine ( PFPA), in a pilot experi- 
ment. F as 

Aqueous solutions of PFPA of 1/200, 1/500, 1/1,000 and 
1/10.000 were used, the material being dissolved in 0-1 N 
sodiam hydroxide before dilution ; a.trace of ‘Triton 
X-100’ was added as a wetter. Four methods of 
application were used: (1) injection into young succulent 
tissue; (2) absorption by means of a fine cotton wick 
threaded through young stems just below. the growing 
point; (3) absorption by placing the growing point in the 
solution; (4) absorption by placing leafy decapitated 
shoots in polythene bags wetted with the solution. 

In all, 47 growing points of BREG, BEBG, BGG and 
BEGG plants were treated during the period July 4-12, 
1962. Apart from the death of some shoot-tips and the 
production of necrotic areas in some others, no marked 
symptoms were evident in 1962. In September 1962, 
single-bud cuttings were propagated from a number of 
shoots that had developed near the points of treatment. 
In spring 1963, abnormal stunted growth was noted in 
three of the cuttings from a BBGG Qn = 32) plant that 
had been treated with 1/200 pFPA by method (4), and the 
foliage of one of these was markedly crumpled and 
mottled (Fig. 1). . k ee 














Fig. 1. Normal and abnormal growth of single-bud cuttings of a BARGE 
Ribes hybrid following treatment with BPA 





OX nentally in goats’, in which species the incubation. 
io g peno 


o -directed to similarities between the scrapie agent and the- 









Fig. 2. Root tip cells, from the abnormal cutting shown in Fig. 1, with 
9 and 32 chromosomes 


Cytological examinations of root tip squashes from these 
three cuttings and from, one that appeared normal were 
made in spring 1963. Cells having reduced chromosome 
numbers were found in all four. Of 30 root tips examined, 
8 showed a low proportion of cells having chromosome 
numbers ranging from 8 to 24, including 3 cells having the 
diploid number 2n = 16. Fig. 2 shows adjacent cells with 
90 chromosomes and the normal number of 32 respec- 
tively. No cells with reduced chromosome numbers were 
seen in root tips of untreated cuttings from the same BBGG 
parent. 

For plant breeding purposes, a technique capable of 
inducing the formation of homogeneous sectors of diploid 
tissue would be required. The extremely low proportion 
of diploid cells found in root tips following pF PA treat- 
ment, and the fact that all three abnormal shoots rapidly 
reverted to apparent normality, indicate that the tech- 
nique described here will need considerable modification. 
: Analogy with our experience of colchicine treatment of 

-Ribes hybrids, where the growing points of very young 

seedlings are considerably more sensitive than are shoots of 
"mature plants, suggests that sensitivity to pF PA will also 
be greater in young seedlings. The treatment of such 
seedlings with pF PA will be attempted next season. 

| | R. L. KNIGHT 

A. P. HAMILTON * 
ELIZABETH KEEP 
East Malling Research Station, 
3 Maidstone, 
ae Kent. 
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VETERINARY SCIENCE 


Experimental Scrapie in Goats: a 
Modification of Incubation Period and 
Clinical Response following Pre-treatment 
with Normal Goat Brain 
Scrapie is a naturally occurring, 











ranges rom T to 23 months*. -Attention has been 






i ca, 


rere a OCMETIDS » experimentally 
transmissible disease of sheep, the causal agent ofwhich 8 


> control animais. 


The goats used were cross-bred animals from the 
Compton fiock, reared in a serapie-free environment. 
Normal brain inocula were prepared from 4 homogenate 
held at —18° C of 2 brains from clinically healthy goats 
of the Ccmpton flock. In the first experiment, the 
normal brain inoculum was 100 ml. intraperitoneally 
of a 10 per cent suspension in physiological saline; 5 
goats were inoculated at birth, and 3 at 15 days of age. 
In the second experiment, 3 newly born goats each re- 
ceived 100ml. of a 10 per cent saline suspension of normal 
brain intraperitoneally, and 4 were given the same volume 
by the same route but in the form of 10 x 10 ml. inocula- 
tions at weekly intervals. Material for this series of 
inoculations was drawn each week from a pool of 10 per 
cent brain suspension held at 4° C. 

The intracerebral test dose of 1-0 ml. of the super- 
natant of a lightly centrifuged 10 per cent suspension in 
physiological saline of scrapie goat brain of the seratch- 
ing typet was given to all animals 10 weeks after the 
single 100-ml. preparatory intraperitoneal inoculation of 
normal brain, or (in the second experiment) 1 week after 
the final 10 ml. preparatory dose. The serapie brain 
used in the first experiment was from a pool of 8 homo- 
genized brains that had been held at — 18° C for 3 months. 
Tn the second experiment, a pool of 3 different homogenized 
serapie gost brains held at — 18° C for 2 months was used. 

The results of the 2 experiments are given in Figs. 
Land 2. from which it will be seen that, in both experi- 
ments, the incubation period for the occurrence of clinical 
scrapie was significantly longer in the 5 untreated goats 
than in the 15 pre-treated animals (P = 0-001). In the 
first experiment there was no significant difference be- 
tween the goats pre-treated at birth and those pre-treated 
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Fig. 1 -periment. ‘The occurrence of clinical serapie in goats 
(a) pre-tre ntraperitoneal inoculation of 100 ml. of a 10 per 
ni- suspe normal goat brain at birth, or at 15 days of age 
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Fig 2 Second experiment The occurrence of clinical scrapie in goats 

(a) pre-treated by intraperitoneal inoculation of 100 ml of a 10 per cent 

suspension of normal goat brain at birth, or of 10 x 10 ml moculatians 

at weeklv intervals from birth (b) untreated The mtracerebral test 

dose was given ten weeks after the single 100-ml pre-treatment inocuia- 
tion, or one week after the final 10-ml moculation 


at 15 daysofage In the second experiment, the apparent 
slight difference between the group of 3 animals pre- 
treated with a single 100 ml dose at birth, and the group 
of 4 animals pre-treated from birth with 10 inoculations 
each of 10 ml at weekly intervals, was not significant 
(P = 0057) 

With one exception, the incubation periods for all 
animals in both experiments were within the 7-23 month 
range previously reported, the exceptional animal 
(Fig 2) developed clinical disease at 6 75 months, whch 
is the shortest incubation period that we have noted in 
more than 350 cases of experimental scrapie in goats 

In addition to the difference in incubation periods 
between untreated and pre-treated goats, there was a 
clearly marked difference ın the seventy of the clinical 
disease In the pre-treated animals the disease appeared 
suddenly, and sciatching at the base of the neck was so 
severe that im 10 of the 15 animals there was bleeding 
followed by scab formation By contrast, in the 5 un- 
treated animals the disease developed slowly, and scratch- 
ing was much less violent 

In both experiments, the intracerebral test dose was a 
suspension of scrapie goat brain It1s not clear, therefore, 
whether the scrapie agent per se was affected by treatment, 
or whether the brain material in which the agent was 
held was the :mportant element in the reaction Further 
experiments on this pomt are ın progress 

Zlotmk and Renne! have recently considered the 
part that immunological tolerance may play ım modifying 
the response of mice to a test inoculation of scrapie sheep 
brain In one series of observations they considered ıt 
possible that immunologically tolerant mice might have 
been rendered resistant to a scrapie test dose given by the 
subcutaneous route, but in later experiments they recorded 
that mice that were presumed to be tolerant to normal 
sheep tissue developed scrapie more or less at the same 
time as untreated control mice 

The mechanism of the apparently enhanced clinisal 
response of pre-treated goats 1s obscure Speculation on 
its nature would be unprofitable without further exper- 
mentation. However, from a practical pomt of view, 
pre-treatment with normal brain might be a useful tech- 
nique for enhancing the clinical response of goats (and. 
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possibly, also, of other susceptible species) to expermmental 
scrapie 


I H PATTISON 
K SMTH 


Agricultuial Research Council, 
Institute for Research on Animal Diseases, 
Compton, near Newbury, Berks 
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SOIL SCIENCE 


Interaction between Calcium Carbonates 
and Bentonite Suspensions 


CaLcium carbonate m so is generally assumed to 
behave hke pure calate Equations relating calcrum 
carbonate solubility to carbon dioxide pressure have 
been given, though their apphcation to calcareous souls 
has not yet been tested thoroughly!? Thus, usually 
only the system CaCO,—-CO,~—H,0O 1s considered, neglecting 
a possible interaction between the carbonates and other 
soil components}-3 

Recently we found: that although the self-diffusion 
rate of calc1um-45 mto ground fractions of pure dolomite 
and calcite, as well as into unground calcium carbonate 
precipitate, was ın accordance with expectations, the 
observed diffusion mto comparable fractions of a com- 
mercial hme (HMKAL), consisting of ground marl, 
stopped after several hours As a possible explanation for 
this phenomenon might be an interaction between the 
calcite and, for example, shcate contammg water in the 
marl deposit, ıt seemed warranted to investigate the 
behaviour of pure calcite m suspensions of soil clays 

For this purpose suspensions of the fraction smaller than 
5u were prepared by grinding large-size crystals of dolo- 
mite and caleite The same fraction was separated from 
the commercial hme Also prepared was a suspension of 
calcium, bentonite, consistmg of particles smaller than 
2u of Wyommg bentonite saturated with calcium by 
repeated washing with 05 N calcrum chloride and subse- 
quent removal of excess salts All suspensions were 
made up so as to contain about 0 009 N calcium chloride. 

Next the amount of calerum exchangeable agamst 
calcium-45 was determined as a function of time for all 
suspensions prepared and for mxtures of known composi- 
tion of calc1um bentonite with one of the foregomg carbon- 
ates Details of the procedure used are given m ref 4 

If there were no interaction between the bentonite and 
the carbonates, obviously the total amount of calcium 
wotopically exchangeable agamst calerum-45 m a given 
tıme period in the mixed system should sum up to the 
calculated contribution of the two components, that 13, 
clay and carbonate As 1s shown m Table 1, this 1s true 
for the mixture clay-EMEKAL, but not for the mixtures 
of bentonite and the pure calcite In the latter case the 
self-diffusion of calcrum-45 was impaired to a degree re- 
lated to the ratio clay calcite 

The reason for this phenomenon could be erther the 
direct adsorption of clay on the carbonite particles 
(thus umpedimg the diffusion of calaum-45 mto the 
crystals), or the interaction between the carbonate particles 
and molecular decomposition products of the clay— 
presumably sihcates 

In order to test the second possibilty the foregomg 
expeliments were repeated, this tıme replacing the benton- 
ite by 1ts dialysate or by a dilute solution of sodium silicate 
Although the exact composition of the dialysate was not 
determmed, ıt 18 known that silicates were present. 
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Table 1 i 
- System Isotopically exchangeable calerum 4 . 
* microequivalents . 
Calculated contribution on 
‘Time of Bentonite} basis of pure materials Eapermmental Differences between 
Carbonate shaking calate re results of calculated and 
(h) (g/g) Carbonate Bentonite Carbonate the mixture experimental results 
+ bentonite 
Calcite 1* 70 O04 28 481 519 45 6 - ,63 
+s 192 04 73 55 2 62 5 55 1 — 74 
Caleite 2* 98 0 06 225 16 241 202 - 39 
»” 98 014 203 45 248 183 — 85 
a 98 0 27 181 106 287 141 — 146 
EMKAL 70 0 29 94 48 7 58 1 598 + 17 





* Two degrees of grmding 


As 1s shown in Table 2, the dialysate and the sodium 
silicate exhibited the same mmpeding action on the self- 
diffusion of calc1um-45 into carbonates as the clay itself 

From this one can conclude that the observed de- 
crease in the diffusion rate of calcrum-45 into carbonates 
on contact with clays 1s due to the mteraction between 
the surface of the calcium salts and dissolved compounds, 
presumably silicates, causing a surface coating of the 
carbonate particles with calcium silicate With this 
explanation one has to assume that mteraction with 
clays or other compounds has already occurred on the 
surface of the calcite particles of the commercial lime 
HMEAL, which therefore exhibited no further interaction 
with additional amounts of clay 

The question arises now as to the self-diffusion of 
calaum-45 into carbonates of calcareous soils The 
nature of this piocess might be indicative with respect 
to the properties of the carbonate surface in these souls 

In a prelyminary experiment, one Israel calcareous 
soul contaming 39 per cent of calermm carbonate was 
tested Solutions labelled with cale1um-45 were added 
to suspensions of the soil and the radioactivity of the 
supernatant was measured afte: different periods of 
shaking The results show that there was a fast isotopic 
exchange in the first 2-3 h, afte: which there was no more 
exchange for more than a thousand hours, ın contrast 
to the ever-continung diffusion ın similar experiments 
with pure calcite, dolomite and calemm carbonate 
precipitates‘ 

This indicates that there was practically no self-diffusion 
of caleium-45 mto the carbonates mn the tested soul 
On the basis of estumated surface area of the carbonates 
in the soul and assuming a diffusion constant of the order 
of magmitude of that of calcite’, ıt could be shown that 
self-diffusion of calerum-45 would have been easily de- 
tected One may suggest, therefore, that the carbonate 
particles m this soil were coated with compounds which 
did not allow or at least reduced considerably, the self- 
diffusion of calerum-45 This may also explain the 
observation’ that calcium of the limestone did not mter- 





Table 2 
System Radiotsotopically exchangeable 
calcium (zequiv /g) 
Time of | Calculated Experi- 
Carbonate Added solution shaking | on basis of mental 
(h) pure results 
carbonate 

Caleite 2 Dialysate 1* 95 > §80 dd 

Dialysate 2; 98 > 200 25 

Dolomite Dialysate 27 50 > 290 75 

Caco, Dialysate 2+ 144 46 11 

(Merk Reagent) 462 > 80 35 

Sodium 144 72 21 

silicate 462 > 120 21 





* Dialysate of sodium bentonite m water 


i t inalyeote of calaum bentonite m eqnilibrium solution of calerum car- 
Ona 








fere to any impoitant degree with the isotopic exchange of 
calc1um-45 m calcareous souls It is teresting to note 
that the presence of some type of coating of carbonate 
particles has been suggested before by other workers‘® 
The work was supported ın part by the International 
Atomic Energy Agency, Vienna 
We thank Miss B G M Pieters for her help in the 
radiochemical work 
N Lawav 
G H Borr 
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Evidence against Relationships between Root 
Cation Exchange Capacity and Cation Uptake 
by Plants 


DicoryLeponovs plants usually contain a large. pro- 
portion of divalent to monovalent cations than mono- 
cotyledons The cation exchange capacity of the roots of 
dicotyledons 1s generally larger than that of monocoty]l- 
edons? and many results, starting with Mattson’s*?, have 
been published irdicating a ielationship between root 
cation exchange capacity and differential uptake of 
divalent ard monovalent cations Huffaker and Wallace? 
explamed the good relationships they obtamed between 
cation exchange capacity of roots and concentrations of 
potassium, calcrum and magnesium of several plants, 
grown in soil and sand, on the basis of Donnan distribution 
Othe. workers‘-? have shown that the cation exchange 
capacity of plant roots grown in soil-less cultures is not 
constant but can be altered by changing the composition 
of the nutrient solutions, im particular, larger cation 
exchange capacity values have been associated with 
increased levels of mitrogen Recently ıt was reported 
that the sum of the cations in plants on poor sols was 
positively correlated with the 1006 cation exchange 
capacity of the plants® 

An experiment we made with Italan 1yegrass (Loum 
multiflorum) did not support any of the foregoing relation- 
ships but showed that (1) the differential uptake of 
mono- and di-valent cations was not related to root cation 
exchange capacity, (2) root cation exchange capacity 
was constant and did not vary with mereased nitrogen in 
the grass, (3) 100t cation exchange capacity was not 
correlated with the sum of the cations in the giass 

Italian ryegrass was grown from seed ın a clay loam soi] 
m the greenhouse for 9 weeks during October-December 
Dayhght was supplemented with 400-W HPM y fluores- 
cent lamps to give approximately 200 cal em-* day- 
during an 18-hday The soil was kept at three constant 
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Fig 1 
NH,—N on Ca + Mg Na + K. ratio, sum of the cations, percentage 
mitrogen, and root cation exchange capacity (CEC) of Itahan ryegrass 


temperatuies, 11°, 19 5°, 28°, in large water tanks, and 
uniform air temperatures were mamiamed in the foliage 
with circulating fans Six levels each of NO,-N or 
NH,-N (0-500 ppm) along with a uniform diessing of 
potassium, calcium, magnesium, phosphorus and sulphur 
were thoroughly mixed into the soul ‘N-serve’® (2-chloro- 
6-(trichloromethyl pyridene)) was applied to the soil at 
10 ppm to mhibit nitrification where NH,—-N was used 

The figure gives measurements, on an oven-dry basis, 
of per cent nitrogen, sum of the cations (Na + K + Ca + 
Mg in m equiv /100 g) and the ratio of divalent to mono- 
valent cations (Ca + Mg Na + K both in m equiv /100 g) 
in the tops of the plants and cation exchange capecity}® 
(m equiv /100 g) of the roots The mineral contents of the 
100ts wele not measured, but 1t1s doubtful whether inetud- 
ing them with the mineral contents of the tops would have 
altered the results, 100t weights were always much less 
than those of the tops and at 28° and with much NO,-N 
were only 10 per cent of total dry matter Averages were 
used when differences were small The results showed 

(1) The ryegrass (a monocotyledon with small root 
cation exchange capacity), supplled with much NON 
and grown at high soil temperatures had a cation com- 
position resembling that of a dicotyledon, that 1s, ıt 
absorbed more divalent than monovalent cations (Cea + 
Mg Na+ K > 1) At low soil temperature and at all 
levels of NO,—N the plants had more monovalent than 
divalent cations although the Ca + Mg Na + K 1atio 
did increase with increasing NO,-N Where NH,—N was 
given, the divalent to monovalent cation ratio 1emained 
small at all soil temperatures and at all levels of NH,-N 

(2) The cation exchange capacity of the roots was not 
altered by soil temperature or by level or form of nitrogen, 
even though the percentage of r1trogen in the tops became 
greater with mecreasmg levels of nitrogen, percentage 
nitiogen was always larger with NO,-N than with NH,-N 
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(3) The sum of the cations im the giass tops was not 
correlated with the cation exchange capacity of the 
roots, 1t did increase, however, with soil temperature and 
percentage nitrogen and was greater with NO,-N than 
with NH,-N, as found by Cunnmgham!?! 

R K CUNNINGHAM 
K F NIELSEN * 
Rothamsted Experimental Station, 
Harpenden, Herts 
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PSYCHOLOGY 


Evidence for a Physiological Explanation of 
the Waterfall Phenomenon and Figural 
After-effects 


In the rabbit’s retina ganglion cells have recently been 
found which signal the direction of motion of objects 
moving in the visual field}? These cells give brief 
responses at ‘on’ and ‘off’ to ights falling in their receptive 
fields and they give vigorous responses to moving spots, 
but only when these are moved in certain directions 
through their fields Motion in the ‘preferred’ direction 
gives the maximum discharge, while motion m the 
opposite, ‘null’, direction, causes no response The 
‘preferred’ direction differs in different units thus which 
of a set of cells are active conveys information as to the 
direction of motion of objects in the visual field The 
frequency of the discharge depends greatly on speed and 
direction of motion, but 1s only shghtly mfluenced by the 
intensity of the moving stimulus spot Furthermore, the 
discharge occurs for the same direction of motion with a 
black spot as with a white spot This behaviour ıs what 
one might expect m units of which the function 1s to 
abstract direction of motion from the pattern of hght 
falling on the retina 

While performmg experiments on these units we made 
some observations on the effects of long-continued ex- 
posure to moving stimuli These observations are mcom- 
plete, but they are sufficient to suggest a physiological 
basis for the after-effects of sustamed excitation by 
motion Since the observations will not be followed up in 
the near future they are briefly reported here 

The activity of single units was recorded from electrodes 
inserted into the retina of the unopened rabbit’s eye A 
directionally selective unit was found, its receptive field 
located, and the preferred direction determmed To 
excite ıt, we rotated a large black disk carrying an 
irregular pattern of pieces of paper The disk was much 
larger than the receptive field, and the direction of motion 
of the part coinciding with the ieceptive field could be 
changed by shifting the axis of rotation of the disk 
Fig 1 shows what happens during and immediately after 
periods of exposure to motion ın the preferred and null 
directions lasting 1mm The number of impulses ın each 
second 1s plotted vertically, time horizontally For the 
first 15 sec the disk was stationary and the unit showed 
the normal, irregular, maintamed discharge At the 
arrow, in the top giaph, motion in the preferred direction 
was started The angular velocity at the eye was about 
15°/see The impulse frequency immediately rose to 
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about 60/sec, but declined to about 25/sec during the first 
15-20 sec Durmg the next 40 sec it fell only shghitly 
further Motion was stopped 57 sec after 1t had started, 
and the impulse frequency dropped abruptly to zero— 
below the maintained level precedmg the stimulus Dur- 
ing the followmg 05 min it climbed slowly back to the 
level of the initial maintarmed discharge . 

In the lower graph, the same sequence was repeated o 
the same unit, but this tume the motion was m the null 
direction There was no significant change ın impulse 
frequency during the period of stumulation, nor during the 
period followmg ıt (The peak just before the motion 
stopped should be disregarded, for 1t was caused by 
unintentional lateral movement of the disk while preparmg 
to stop 1b spinning) We were expecting to find some 
reduction m the maintained discharge durmg the motion 
in the null direction, and possibly some rebound excitation 
following ıt, for ıt 1s possible to inhibit the mamtaimed 
discharge of such a unit by careful movements of single 
spots of light ın the null direction But in this experiment 
new spots were contmually entering the field, and old ones 
leaving 1t possibly the resulting ‘on’ and ‘off’ effects 
prevented a reduction in the mamtamed discharge At all 
events we never recorded a clear-cut reduction in experi- 
ments of this type, nor did we ever observe definite 
rebound excitation in the period followmg stimulation 

We have seen similar changes in a number of units, and 
beleve that the behaviour shown im Fig 1 1s typical for 
the units which signal direction of motion In one case 
we maintained stimulation for 3 mm without greatly 
changing the magnitude or duration of the after-effects 
In another we stimulated for 0 5 min, and thought that the 
effects were less pronounced 

For reasons to be given in the followmg communication, 
it seems unlikely that sımılar effects occur at a retmal 
level m man However, in the rabbit’s retina we have a 
specimen movement analysmg mechanism, and it 1s 
reasonable to ask if the observed changes fit ın with the 
subjective after-effects of movement Similar changes to 
those described here may well occur m lateral geniculate 
or cortex of man 

The mnitial adaptation of the discharge fits in well with 
the decline in the sensation of movement which 1s notice- 
able durmg the first 0 25 mm of observation A similar 
decline in vividness of inspection figures has been des- 
cribed in expermments on figural after-effects and Gibson- 
type illusions? 

The after-effects themselves may be expheable by the 
reduction ın maintamed discharge in the period following 
excitation Jn the figure itself, upper and lower graphs 
were obtained from asingle umt by reversing the direction 
of motion, but one must remember that there ıs a large 
population of directionally selective units, some of which 
will have their null direction the same as the preferred 
direction of this particular cell It 18 reasonable to 
presume that such a cell would behave as ın the lower 
graph while the cell actually bemg examined behaves as in 
the upper graph Considering these two cells, one sees 
that before the stimulus their mamtamed discharges 
would be roughly equal During the stimulus the one, the 
preferred direction of which comeided with the direction 
of movement, would be more active than the other, while 
in the period immediately following the stimulus the other 
one, which normally signals motion in the reverse direc- 
tion to that of the preceding stimulus, would be the more 
active and might give rise to the sensation of reverse 
movement Thus the after-effects of motion may result 
from the temporary imbalance of the mamtamed dis- 
charges of cells responsive to motion in opposite direc- 
tions Our results suggest that the imbalance 1s caused by 
a reduction m discharge of the units that have been 
excited rather than by rebound excitation of other units 

Lhe duration of the suppression of the maintaimed 
activity seems to comeide with the duration of the shorter- 
lived after-effects, such as the waterfall phenomenon itself, 
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and the curved lme illusion Some figural after-effects are 
reported to be much longer-lasting, though ın these cases 
the period of exposure to the stimulus has also been 
longer than we have used Similarly the duration of 
exposure to movement, required to cause suppression 
seems to agree with that required to cause the after-effect, 
though on this pomt our evidence 1s very incomplete 

The agreement of time-scales 1s encouragmg, and there 
are two details of the subjective effects which seem to 
provide additional support First, the magnitude of the 
after-effect ıs always limited, thus reverse motion 1s 
always rather slow If the imbalance is caused by sup- 
pression of the maintaimed discharge this feature would be 
expected, for the rate of the suppressed, umt cannot drop 
below zero, and the maintaimed level of discharge of the 
unstimulased unit is not high Second, Wohlegemuth 
(1911) reported that exposure to motion first im one 
direction, then m the other, led to a state where neither 
direction of motion can induce an after-effect This is 
readily explamed if the muitial exposure to alternating 
directions of motion suppresses the mamtaimed discharge 
of both units, so that umbalance by suppression ıs no 
longer possible Imbalance by increasing the discharge 
would still occur during exposure to moving stimuli, thus 
explamimg why the subject 1s not rendered msensitive to 


motion, by the treatment 
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Fig 1 Effects of stimulating a directionally selective unit for 1 min 

by motion m the preferred and nulldnections Impulses/see are plotted 

vertically, time horizontally The maimtained activity 1s suppressed 

following 1 min of excitation by motion im the preferred direction 

Motion in the null direction has no significant effect, the peak at 70 sec 
being an artefact 





Though the evidence 1s new, this explanation for after 
effects 1s not, and 1s substantially the same as that ad- 
vanced by Exner and modified by Wohlegemuth (1911) 
Originally ıt was framed in terms of ‘tonus’, ‘drainage’, 
and ‘fatigue’, but ıt does not depend on these notions and 
their idea can easily be translated as temporary suppres- 
sion of the maintained discharge Further, many of the 
after-effects of motion can be paralleled by the after-effects 
of exposure to contours, curved lnes and tilted Imes, 
as shown by Gibson‘, and Kohler and Wallach® (see 
also McEwen’s review*, and various authors!) It 1s 
plausible to suggest that suppression of the mamtained 
discharge hes behmd many of these effects, but notice 
that there are two requirements for such an explanation 
tohold up First, the units concerned must have a main- 
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tamed discharge; secondly, they must be aranged ın 
reciprocally active pairs, so that the suppression of one 
unit can lead to subjective effects similar to those caused 
by increased activity in the other of the pair 

Finally, ıt 1s teresting to ask 1f the argument can be 
used ın reverse If after-effects are due to the imbalance 
of mamtamed activity of units specifically excited by 
features of the mspection figures, can one deduce the 
nature of the umts which analyse sensory data from the 
nature of the after-effects which are readily produced ? 

This work was supported by US Public Health Service 
grants B-3843 and B-~3154 
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inter-ocular Transfer of Movement After- 
: effects during Pressure Blinding of the 
Stimulated Eye 


THERE 1s evidence that pressure blinding abolishes 
all activity of the ganglion cells of the 1etina' It has 
been suggested? that the after-effect of exposing an 
cye to a moving stimulus (the waterfall illusion, see 
preceding communication) may be caused by the reduction 
of mamtained discharge of the directionally sensrtive 
retinal ganglion cells which were stimulated during the 
period of mspection, leaving the maintamed activity of 
those which would signal the reverse motion unbalanced. 
If this is correct, then pressure bindmg the eye durmg the 
period immedhately followmg stimulation should abolish 
the effect Unfortunately, one 1s not clearly aware 
of the movement illusion 1f there are no objects shat 
one can see as moving, and pressure blinding prevents 
seeing., One therefore has to perform the test on the 
illusion transferred to objects seen with the other aye 
Incidentally, ıt 1s interesting to note that the existence of 
this transfer has often been taken as convinemg evidence 
for the central origi of the after-effects, but the transfer 
would be explicable on the hypothesis that ıt 1s due to 
suppression of maintained discharge even if this occurred 
only in the retina 

The test was performed as follows A subject observed 
monocularly a rotating object which was either a spiral, or 
an wregular pattern of black marks on a white ground 
After 30 sec he apphed pressure with his finger, trymg not 
to disturb fixation, until complete fading had occurred 
(usually about 15sec) The rotation was then stopped and 
the pressure-blinded eye covered, but the pressure was 
maintained The subject opened his other eye, observed 
the stationary disk, and reported on the appearance of 
movement a 

We ourselves and two other subjects were all able to 
get very clear transfer of the after-effect ın spite of com- 
plete pressure blinding of the pre-exposed eye The com- 
pleteness of pressure blindmg was checked after the 
illusion had been observed No simular effects occurred 
when the eye was pressure blmded without the exposure 
to movement We compared the after-effect transferred 


. from a pressure-blinded eye with that transferred from an 


eye for which the effect of pressure had been mimicked by 
dimming, and finally extinguishing, the hght Wumimnatmg 
the rotatmg disk The after-effect from the pressure- 
blinded eye seemed as vivid, and lasted about as long as 
that from the control 
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The result shows that subjective movement after-effects 
are not caused by suppression of the mamtaimed discharge 
of directionally selective ganglion cells in the retma of 
man The only escape from this conclusion would be if 
directionally selective units were unaffected by pressure 
blinding, or possibly if after-effects occurred both retmally 
and centrally. The observation does not decide which 
part or pats of the hypothesis are wrong It1is not known 
whether human, primate, or monkey retine have duec- 
tionally selective units, and 1t ıs certainly quite likely that 
in these species the analysis of direction of movement of 
objects ın the visual field occurs at a higher level m the 
nervous pathway If that ıs so, then suppression of 
geniculate or cortical mamtamed activity remains a 
plausible explanation of the waterfall phenomenon. 
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Scaling and Personal Questionnaires 


STEVENS’s! classification of types of scaling according 
to their group structure appears insufficient, since a higher 
ordered metric?»? and an interval scaling both belong to the 
same group, namely, the lnear group (an interval scaling 
accoiding to Stevens and a higher ordered metric scaling 
because the only function f(a) such that for all a, b, c, d, 1f 
[a~b| > |c~d] then | f(a)-f(6)| > [f(c)-f(d)| 1s a linear func- 
tion), yet they contain different amounts of information 

The following alternative definition and classification 
are suggested A scaling of a set of n objects on a single 
dimension is the unique specification of a certain rela- 
tionship (varymg with the type of scahng) between 
pairs of elements, the elements bemg either ordinates of 
objects or functions thereof (depending on the type of 
scaling) (For example, an ordinal] scaling specifies, for all 
paws of objects, which has the greater ordmate an 
interval scaling specifies the ratio between all pairs of 
differences between the ordinates of objects , the ordinates 
themselves are ın all cases generally not known ) Scaling» 
may consequently be classified according to relationship 
and according to elements this two-way scheme 1s 1llus- 
trated in Table 1 with fou of the commonest types of 
scaling 


Table 1 TWO-WayY CLASSIFICATION OF FOUR Typrs OF SCALING 
Elements Relationship 
Direction of mequality Value of ratio 
Ordinates A>» <B? AJB =? For all 4, B 
Ordinal Ratio 

Differences AB> <CD? ABID =°  Forall A, B,C, D 
between hom Interval where possibly 
ordinates Be 


A, B, C, D are ordinates of objects 


A general duect method suggested by the foregoing 
definition (particular cases of which are well known) of 
obtaming a psycho-physical scaling, along a subjective 
dimension, of a set of objects by a single subject, 1s to 
present him with each of the possible appropriate subsets 
of objects, pairs (ordinal and ratio scalings) or pairs of 
pairs (higher ordered metric and interval) and ask him to 
specify the relationship, to make a judgement of greater or 
less (ordinal and highe1 ordered metric) or to estimate the 
ratio (interval and ratio) In the case of higher ordered 
metric and interval scalings, however, the number of pairs 


of pairs of objects, a( a p >i rapidly becomes unmanage- 


able with mereasing n, and simpler techniques are avail- 
able (ranking for higher ordered metric and interval 
estimation‘ for mterval) 
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The general method gives more than enough mforma- 
tion for assigning scale values to objects The case of 
ordinal scaling has been dealt with by Kendall and 
Babington Smuith®, higher ordered metric scaling by 
Coombs? and Siegel’, Torgerson? gives a least squares 
estimation procedure for ratio scaling, and there 1s an 
obvious adaptation of this procedure to interval estima- 
tion The redundant information may be used to test 
rehabilty (internal consistency) 

A. common feature of the various internal consistency 
tests given mm the hterature is that they examine all 
appropriate sets of three 1esponses to verify that certain 
necessary relationships hold between them ‘Thus, if a 
subject estimates that H/F = 7» and F/G = s, then he 
should also estimate that E/G = 1s (where E F, G aie 
elements) although some allowance will be made for 
imperfect estimation, and, a special case of this, 1f he 
judges that E > F and F > G, then he should also judge 
that E > Œ (There are also certain ‘internal’ relation- 
ships that should hold for higher ordered metric and 
interval scaling for the latte., if the subject judges that 
AB = dand BC = e where A < B < C then he should also 
judge that AO = d + e, for the former similar but more 
compheated relationships should obtain ) 

These methods may be used, enter aha, to scale features 
of the symptomatology of an individual psychiatric 
patient (for example, sets of situations which a phobic 
finds frightening), the objects usually being represented by 
cards bearing descriptions of the features preferably in the 
patient’s own words A particularly mteresting case 
occurs when the objects are different degrees of intensity 
of a particular symptom (for example, A, ‘I feel very 
depressed’; P. ‘I feel rather depressed’, C, ‘I feel only a 
little depressed’, D ‘I do not feel depressed at all’) After 
they have been scaled by the patient, that 1s, after he has 
specified all the relationships mvolving them, and if the 
scaling can be assumed to be sufficiently permanent, then. 
the patient’s position on the continuum can on different 
occasions be introduced as an extra object, and by asking 
him to specify all relationships involvimg it and the other 
objects a scale value can be assigned to 1t for each occasion 
these further specifications will thus constitute admunis- 
trations of a personal questionnaue which will measure 
fluctuations in the intensity of the symptom For each 
administration, as a different conclusion of the iutial 
scaling, the usual internal consistency checks wall be 
available 

To each type of scaling will correspond a type of 
personal questionnaue the first type to be described, and 
almost the only one which has so far been used at all 
extensively, 1s Shapiro’s’, which suggested the present 
generalization, and which 1s a partial higher order metric 
type with n=3 (It has been found possible to generalize 
this to the case where n24) It 1s not always necessary 
that the muitial scaling should be of the same type as the 
questionnaire scaling For example, Shapiro’s type uses 
an initial ordinal scaling, and, surprisingly, the interval 
and ratio types do not need any initial scalmg There are 
a number of such mixed types, of which those involving 
higher order metric scaling are the most mtricate 
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Detecting Fingerprints on Paper 


During the contmuation of an investigation? mto the 
factois affecting the resistance of paper to attack by 
atmospheric pollution, we found that fingerprints weie 
affecting our results Further mvestigation, suggested that 
a method for detecting fingerprints on paper could be 
developed Fuller details are to be published shortly, 
but m essence the method consisted of exposing the 
sample of paper to radioactive sulphur dioxide at a con- 
centration of about 10 ppm, followed by autoradio- 
graphy Sulphur dioxide was picked up preferentially 
in the 1egions contaminated by the fingers, and this 
caused a gieater darkening of the X-ray film An ex- 
ample of one of the prints obtained is shown in Fig 1 
The specific activity of the sulphur dioxide was about 
1 me /m mole, the time of exposure about 12 h and the 
time for autoradiogiaphy one week 





Fig i 


Since sulphur dioxide also combines with paper 
especially with the more impure grades, 1t did not appear 
to be ideal for this work and formaldehyde carbon-14 
was therefore tred? The sample was exposed for 30 min 
to the vapour from “C-paraformaldehyde of specific 
activity 863 uc /mg at 100m temperature and left in 
contact with X-1ay film for 15 h When developed the 
film showed a strong outlme of the paper, but a weak 
and sketchy image of the prmt There was clearly too 
much general reaction between the formaldehyde and 
constituents of the pape: to permit the fingerprint to 
develop 

Both the methods at present used? for the detection 
of fingerprints on paper depend on the production of a 
colow, so that the method deseribed here offers an 
advantage for use with coloured papers Research is 
called fo: to determme if there are other compounds more 
suitable for providing a convenient and sensitive method 
of detection using the same principle’ 

We thank the Duectors of Wiggms Teape and Co 
Ltd for the grant of a 1esearch scholarship which made 
this work possible 


R L GRANT 
F Lyra HUDSON 
J A HOCKEY 


College of Science and Technology, 
Manchester 


1 Hudson, F L, and Milner, W D , Pape: Tech , 2, (2), 155 (1961) 
*Godsell, J, J Forensic Ser Soe, 8 (2), 79 (1963) 


? Sakaguchi, M , etal , Second U N Conf on Peaceful Uses of Atomic Eneigy 
1958, A;Conf 15/P 1842 


a 
+ 





ex + 


' an the field of power engineering) IN THE SCHOOL OF 
~ “™ ing, Umversity of New South Wales—The Agent-Gencral for New South 


ne 4813 December 28, 1963 
FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Wednesday, January I 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London SW 7) 
at3pm—Prof A R Clapham,F RS “Geography and Conservation” 


Wednesday, January |—Saturday, January 4 


INSTITUTE OF PHYSICS AND THE PHYSICAL SOCIETY (at the H H Wills 
ae SICS Laboratory, The University, Brstol}—Conference on ‘Solid State 
ys1C9 


Thursday, January 2 


INSTITUTION OF MECHANICAL ENGINEERS, NUCLLAR ENERGY GROUP (at 
1 Birdcage Walk, Westminster, London, S W 1), at 6 p m —Dhuseussion on 
Fuel Element Temperature Limitations in Practice ’ 


INSTITUTE OF METALS (at_17 Belgrave Square, London, 5 W 1) at 7 pam 
Dr C A Clark ‘Some Recent Developments in Magnetic Alloys” 


Friday, January 3 


BRITISH MX COLOGICAL SOCIETY (in the Department of Mechanical Engin- 
eering (E 1 Building), City and Guilds College, Exhibition Road, London, 
> W 7), at 10 45 a m —CGeneral Papers 


Saturday, January 4 


LONDON County Councis (at the Horniman Museum, Forest Hill, London, 
& BE 23), at 330 pm-—~Dr Mary E Gillham “Wid Life m Austral a’ 
(Coloured Slides) * 


APPOINTMENTS VACANT 


APPLICATIONS are mvited for the followimg appoimtments on or before 
the dates mentioned 

LIBRARIAN (with an honours degree, professional qualifications as a 
librarian, and responsible experience m a specialist brary of high standmg) 
-The Academic Registrar, Brunel College, Woodlands Avenue, London 
W 3 (January 8) 

UNIVERSITY LECTURER (preferably with qualifications in medicine and 
biochemistry) IN BIOCHEMISTRY—T D Kellaway, Secretary of the Appomt- 
ments Committee, Department of Pathology, The University, Tennis Court 
Road, Cambridge (January 9) 

ASSISTANT LECTURERS (2) IN THE DEPARTMENT OF CHEMISTRY-—The 
Seeretary, Battersea College of Technology, Battersea Park Road, London 
» W 11 (January 10) 

LECTURER /ASSISTANT LECTURER (preferably with gqnalification, m 
analysis) IN THE DEPARTMENT OF MATHEMATICS, Universit} of Ghana— 
The Registrar, University of Ghana, PO Bow 25, Legon, Accra, or The 
Assistant Registrar (Overseas), University of Ghana, 15 Gordon Square, 
London, WC1 (January 10) 

LECTURER (preferably with an active imterest in some aspect of experi- 
mental botany] IN BoTANY~-The Registrar, Queen Mary College (University 
of London), Mile End Road, London, E 1 (January 10 

LECTURER (with experience m mgh energy nuclear physics) IN PHYSICS 
and a LECTURER (with an interest and experience in magnetic resonance) 
in Paysics—The Registrar, Queen Mary College (University of London), 
Mile End Road, London, B 1 (January 10) 

PRINCIPAL SCIENTIFIC OFFICFR (with a good honours degree and com- 
siderable postgraduate research, and preferably with practical expenence 
of quantitative methods of population estimation, with experience of more 
than one taxonomic group, and an appreciation of statistics) IN THE Toxo 
CHEMICALS AND WILDUIFE SECTION, Monk's Wood Experimental Station, 
Huntingdon, to direct work on insect populations-~The Nature Conservancy 
(E), 19 Belgrave Square, London, S W 1 (January 10) 

RESEARCH FELLOW (with a first degree m biochemistry, chemistry or 
botany and research experience mm biology) IN PLANT BIOCHEMISTRY IN 
THE DEPARTMENT OF BotTany—The Registrar, Queen Mary} College (Un:- 
versity of London), Mile End Road, London, B 1 (January 10) 

LECTURER (physicist or physical chemist, quahfied in physics or physical 
chemistry and an interest m the application of physical techniques to mo- 
Jogy and particularly macromolecules or electron microscopy) IN THE DE- 
PARTMENT OF BOTANY~—~The Secretary, University College, Gower Street, 
London, W C 1 (January 14) 

CHAIR TENABLE IN THE SCHOOL OF APPLIED SCIENCE AND ENGINEERING 
ScreENcE-—-The Registrar, Umversity of Sussex, Stanmer House, Stanmer, 
Brighton, Sussex (January 15) 

LECTURER IN EXPERIMENTAL PHYSICS—The Registrar (Room 22,0 R B) 
The University, Reading (January 15) 

LECTURER or ASSISTANT LECTURER IN APPLIED MATHEMATICS IN THL 
DEPARTMENT OF MATHEMATICS in the Faculty of Serence—The Registrar 
The University, Manchester 13 (January 15) 

LECTURER (with a degree in vetermary science or an appropriate degrec 
in science) IN VETERINARY ANATOMY at the University of Queensland, 
Austraha—The Secretary, Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London S$ W1 (London 

ind Brisbane, January 17) 

OHATR OF AGRICULTURAL CHEMISTRY AND HEAD OF THE DE"ARTMENT OP 
AGRICULTURAL CHEMISTRY AND SOIL SCIENCE at the University of Ibadan, 

;Nigeria—The Secretary, Inter-University Council fo. Higher Education 
Overseas, 29 Woburn Square, London, W C 1 (January 18) 

CHAIR OF GEOLOGY at Bedford College—The Academic Registrar, Univer- 
«ity of London, Senate House, London, WC 1 (January 30 

ASSONATE PROFESSOR (with a higher degree and preferably a specialist 
LECTRICAL ENGINEER- 


‘Wales, 56-57 Strand, London, WC 2, and The Appoimtments Section, 
‘ University of New South Wales, Box 1, Post Office, Kensington, New South 
Wales, Australia (Januarv 31) 

CHAIR OF FLUID MECHANICS IN THE DEPARTMENT OF MECHANICAL 
LNGINEERING, University of the Witwatersrand, Johannesburg, South 
Africa—The Secretars Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, S W 1 (South Africa and 
London January 31) 
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CHAIRS OF MATHEMATICS—The Secretary, The University, Aberdeen 
(January 31) 

LECTURER (dental, medical or sence graduate, with bacteriological 
experience) IN DENTAL BACTERIOLOGY, Turner Dental School—-The Regis- 
trar, The University, Manchester 13 (January 31) 

LECTURER (Grade II) IN PURE MATHEMATICS —The Registrar, The Univer- 
sity, Senate House, Bristol 2 (January 31) 

TURNER AND NEWALL RESEARCH FELLOW FOR RESEARCH IN ENGINEER- 
ING, INORGANIC CHEMISTRY OR PHYSICS (or possibly m an alhed scrence)— 
The Registrar, University Registry , Clarendon Building, Oxford (February 8) 

ASSISTANT PROFESSOR IN ANATOMY—The Chairman, Department of 
Anatomy, University of Saskatchewan, Saskatoon, Sask , Canada 

ASSISTANT PROFESSOR OF THEORETICAL PHYSICS, to teach upper division 
physics courses--C E Wulfman, Chairman, Department of Phy sies, Univer- 
sity of the Pacific, Stockton, California UTS A 

GRASSLAND INVESTIGATOR (single, between 25-35 years of age, with an 
honours degree in agriculture or an appropriate science and a minimum of 
three years experimental experience) with the Government of the Falkland 
Islands, to investigate, experiment and report on the best methods of 
developing and improving grasslands—-The Director of Recruitment, 
Department of Technical Co-operation Eland House, Stag Place, London, 
SW 1, quoting Ref T/RC 213/48/01 

HEAD (with a university degree, preferably in the phy~ical sciences, a 
recognized diploma in librarianship, several years experience in a similal 
post, a very good knowledge of French and English, and preferably some 
knowledge of other European languages) OF THE SCIENTIFIC INFORMATION 
SERVICE AND LIBRARIAN—The Head of Personnel, European Organization 
for Nuclear Research (CERN), Geneva 23, switzerland, quoting Ref DD-SIS 

LECTURER and an ASSISTANT PROFESSOR IN THE DEPARTMENT OF PHILO- 
soPpHY—The Dean, Faculty of Arts and Science, University of Manitoba 
Winnipeg 19, Manitoba, Canada 

RESEARCH ASSISTANT (with a degree in biology and an interest m histo- 
chemistry), to work on problems of peripheral nerve disorders—Dr J B 
Cavanagh, Pathology Department, Guy's Hospital Medical School, London 
Bridge, London SE 1 

RESEARCH ASSISTANT (with a good honours degree im any branch of 
technology and some research experience), to take day-to-day charge of a 
research project on the mechanical properties of metals and non-metals— 
Dr R D Hoyle, Mechanical Engmeermg Department, Imperial College 
of Science and Technology, London, 8 W 7 

RESEARCH FELLOW (with a good degree or equivalent m any branch of 
stienee or engmeermg, a logieal outlooh and preferably some knowledge 
of statistics and research experience) IN INFORMATION SCIENCE IN THI 
DEPARTMENT OF MANAGEMENT AND SOCIAL SCIENCES, for a four-year m- 
vestigation of principles of information storage and retrieval—The Secre- 
tary Northampton College of Advanced Technology, St John Street 
London, EC 1 

SENIOR GRADE BIOCHEMIST IN THL BIOCHEMISTRY DEPARTMENT—Dr 
D N Raine, Children's Hospital, Lady wood Road, Birmingham 16 

SENIOR LECTURER (with experience in academic or industrial research 
and in teaching or direction of projects) IN PHysics—Clerk to the Govern- 
ing Body, Northern Polytechnic, Holloway, London, N 7 

SENIOR ZOOLOGIST (with an honours degree m zoology or equivalent and 
research or other experience in zoology) IN THE VETCRINARY DEPARTMENT 
Government of Kenya, for investigations mto the treatment of trypano- 
Romiasis research work in immunity both in the laboratory and in the field 
and to give advice on drug regimes in the various areas of the country—The 
Director of Recruitment, Department of Technical Co-operation, Eland 
House, Stag Place, London, S W1, quoting Ref Cl1/RC 217/80/011 


REPORTS and other PUBLICATIONS 


(not included wn the monthly Books Supplement) 


Great Britain and Ireland 


The British Cast Tron Research Association Forty-second Annual Report 
for the year ending 30th June 1968 Pp 79 (Alvechurch, Birmingham 
The British Cast Iron Research Association, 1963 ) [2310 

Advisory Council on Scientific Policy Committee on Scientific Manpower 
Seentific and Technological Manpower in Great Britain, 1962 p 60 
(Cmnd 2146) (London HM Stationery Office, 1963) 3s 6d net [2310 

Agricultural Research Council A Bibliography of Farm Buildings Research 
Part4 Buildings for Cattle, ist Supplement, 1958-1961 Pp 110 (London 
Agricultural Research Council 1963) 6s [2310 

Agricultural Research Counce?! Low Temperature Research Station 
Annual Report, 1962 Pp 48 (London HM Stationery Office, et 

s 


Imperal College of Science and Technology (University of London) 
Research Report of the Roval School of Mines, 1960-1963 Pp v+95 
(London Royal School of Mines, 1963 ) [2310 

Association of Scientific Workers Science and Adult Education Pp 11 
(Londen Association of Scientific Workers, 1963 ) 23 [2310 

Proceedings of the First British Pest Control Conference, April 1-3, 1963 
Lady Margaret Hall, Oxford, England (Organized by the Industrial Pest 
Control Association, London) Pp 48 (London Industrial Pest Control 
Association 19638) 15s , 2 dollars [2310 

General Register Ofice Census 1961 England and Wales County 
Report—Bedfordshire Pp xxim-+-72 16s net County Report-—Surrey 
Pp xxus+189 36s net (London HM Stationery Office, 1963) [2310 

Technical Teacher Training a Policy Statement by the Association of 
Teachers in Technical Institutrons Pp 24 (London Association of 
Teachers in Technical Institutions 1963 ) [3010 

University of London Institute of Education Education Libraries Bulletin 
Supplement 6 The London Education Classification By D J Foskett 
Pp n+66 (London University of London Institute of ema er 
1963 ) 

The National Central Library 47th Annual Report of the Executive 
Committee for the year ending 31 March,1963 Pp 2443 plates (London 
The National Central Library, 1963 ) {3010 

Government of Northern Ireland Department of Industrial and Forensic 


Science Technical Services for Industry ın Northern Ireland Pp 24 
(Belfast Departmen! pf erence ive S60, tootgher 1009). Heliconter 

Ciba ' echnical Notes, No , (October, 
3 (Duxford Ciba (ARILI), Ltd 


ona by Hordern-Richmond Pp 8 


Government of Northern Ireland Ministry of Agriculture Leaflet No 


96 Farieties of Cereals Pp 7 (Belfast Mimstry of Agnculture 
1963 ) [8010 
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Department of Scientific and Industrial Research National Chemical 
Laboratory The Determination of Beryllium Handbook of Chemucai and 
Radiometric Methods for its Deternunation in Ores, Concentrates and 
pow Gee Sources Pp vni+31 (London HM Stationery Office, 1200 

s ne 

The Cotton Silk and Man-Made Fibres Research Association Report 
of the Council and Statement of Accounts for the year ended 31st March, 
1963 Pp 27 (Didsbury, Manchester The Cotton Silk and Man-Made 
Fibres Research Association, 1963 ) {8010 

Year Book of the Royal Society of Edimburgh, 1963, (Session 1961-1962) 
Pp 144 (Edinburgh The Royal Society of Edinburgh, 1963) 203 , 
3 50 dollars [3010 


Other Countries 


Sveriges Geologiska Undersodkmng Avhandlingar och Uppsatser Ser 
C, No 588 Lyby Mosse En Vegetations- och Utvecklingshistorsk 
Undersokning Av Ernest Magnusson Pp 65 7 kronor Ser ©, No-591 
Hogsta Kustlinjen 1 Norra Gastmkland och Sodra Hialsingland Av Rolf 
Bergstrom Pp 26 3 kronor Ser C No 592 Jarnmalmsforekomster 
Inom Norrbottens Lin Av Rudyard Frietsch Pp 35 5 kronor Ser ©, 
No 593 Petrology of the Tjorn Area in Western Sweden By Lars Berg- 
strém Pp 134 15 kronor Ser Ca, Nr 43 Gota Alv Hvdrologi och 
Morfologi, Med Sirskild Hansvn till Erosionsprocesserna Av Ake Sundborg 
och John Norrman Pp 88+5 plates 30 kronor (Stockholm Sveriges 
Geologiska Undersokning, 1962 and 1968 ) [2310 

Institut Royal des Sciences Naturelles de Belgique Mémoires Deuxième 
Série, Fase 71 Contribution Nouvelle 4 la Connaissance des Mydaidae de 
la Région Ethiopienne Par Michel Bequaert Pp 68 Deuxième Série, 
Fase 72 Contribution à Etude des Ceratopogonidae (Diptera) (VID) 
Tableaux Dichotomiques Illustrés pour la Détermination des Forcipomyia 
Africams Par Paul Dessart Pp 151 (Bruxelles Institut Royal des 
Sciences Naturelles de Belgique, 1963 ) {2310 

New Zealand Forest Service Forest Research Institute Research 
Leaflets No 1 Boron Deliciency-—The Cause of Dieback in Pines m the 
Nelson District By G M Will,E J Appleton, L J Slowand E L Stone 
Pp 2 No 2 The Performance of Six Provenances of Penus dbanksvana in 
a 7-Year-Old Trialin New Zealand By G B SweetandI J Thuhn Pp 8 
No 3 Significant Height Differences are Shown in Seven Provenances of 
Pinus resinosa, Six Years After Planting in New Zealand Bv G B Sweet 
Pp 3 (Whakarewarewa, Rotorua Forest Research Institute, 1963 ) [3010 

Canada Department of Mines and Technical Surveys Geological Survey 
of Canada Bulletin No 89 Basement Features of the Canadian Appa- 
lachans By R D Howe and L M Cumming Pp x+18 50 cents 
Bulletin No 102 Stromatolites in the Denault Formation, Marion Lake, 
Coast of Labiador, Newfoundland By J A Donaldson Pp 33+7 plates 
130 dollars Paper 62-29 Lower Cretaceous Rocks of South-eastern 
Saskatchewan By Leon L Price Pp u+55 75 cents (Ottawa Queen’s 
Printer, 1963 ) [3010 

Annual Report of the Board of Regents of the Smithsoman Institution 
showing the Operations, Expenditures, and Condition of the Institution for 
the year ended June 30,1962 Pp x+610+106 plates (Washington, DC 
Government Printing Office, 1983 ) 475 dollars [3010 

New Zealand Report of the Boaid of Trustees of the National Art Gallery 
wd Dominion Museum for the year ended 31 March, 1963 Pp 26 (Welling- 
ton Government Printer, 1963) 1s 8d [3010 

New Zealand Forest Service Forest Research Institute Technical Paper 
No 43 Growth of Douglas Fir im New Zealand By Stephen H Spurr 
Pp 54 (Wellington Government Printer, 1963 ) {8010 

Instituto de Investigacao Cientifica de Mocambique Novos Taxa Entomo- 
lógicos, No 29, (Julho 1963) New African Butterflies (2) By Dr G van 
Son Pp 11+1 plate (Lourenco Marques Instituto de Investigacao 
Cientifica de Mocambique, 1963 ) {3010 

Eleventh Annual Report of the West African Institute for O11 Palm 
Research, 1962-1963 Pp 117 (Benu City, Nigeria West African Institute 
for Oil Palm Research, London Crown Agents for Oversea Governments 
and Administrations, 1968) 2s 6d [3010 

Annals of the New York Academv of Sciences Vol 110, Part 1 Body 
Composition By Josef Brozek, A R Behnke and 76 other authors Pp 
1-424 Vol 110,Part2 Bodvy Composition By Josef Brozek,A R Behnke 
and 102 other authors Pp 425-1018 (New York New York Academy of 
Sciences, 1963 )} [3010 

United States Department of Agriculture Leaflet No 388 Horn Flies 
on Cattle-—How to Control Them Pp 8 (Washington,DC Government 
Printing Office, 1963 } 5 cents [3010 

Canada National Research Council Division of Building Research 
List of Publications, 1947-1962 Inclusrve Pp 60 (Ottawa National 
Research Council Division of Building Research, 1963 ) [3010 

Canada Department of Mines and Technical Surveys Geological Survey 
of Canada Geological Maps—Prelimimary Series Map 6-1963 Havesville, 
New Brunswick Map 17-1963 Albanv River, Ontario Map 18-1963 
Kkwan River, Ontario Map 19-1963 Ogok: River, Ontario and Manitoba 
(Ottawa Director, Geological Survey of Canada, 1963 ) [3010 

National Hydatids Council Third Annual Report and Statement of 
Accounts for year ended 3ist March, 1968 Pp 26, (Wellington, New 
Zealand National Hydatids Counce, 1963 ) [3010 

Population Reference Bureau Annual Report, 1962 Pp 20 (Washing- 
ton, DC Population Reference Bureau, 1963 111 

Botanical Activities at Harvard, 1961-1962 (Preprmted from the Report 
of the President of Harvard College and Reports of Departments ) Pp 32 
(Cambridge, Mass Harvard College, 1963 ) (111 

Stanford Ichthvological Bulletin, Vol 8, No 2 Patterns of the Ramus 
Laterals Accessorius and Their Systematic Sigmficance in Teleostean 
Fishes By Warren C Freihofer Pp 31-189 (Stanford, Calif Division of 
Systematic Biology, Stanford Univeraitv, 1963 ) 

„Publications de l'Institut National pour l'Étude Agronomique du Congo 
Série Scientifique, No 103  Aguiculture et Structures Economiques d'Une 
Société Traditionnelle au Kivu (Congo) Par J Heeq, A Lefebvre et F 
Vereruysse, avec la collaboration de Dr Van Wambeke Pp 230 


(Bruxelles Instituf National pour l'Étude Agronomique du Congo, 
1963 } 111 


Forty-third Report of the Quebec Soclety for the Protection of Plants, 
1961 Pp 79 (Quebec Miımstry of Agriculture and Colonization, 1963 ELLI 

India Couneil of Scientific and Industrial Research Conference of 
Information Scientists, Mvsore, 18 to 21 Mav 1963 Pp win+76 (New 
Delhi Council of Scientific and Industrial Research, 1963 ) 

Pubheations de l'Institut National pour l'Étude Agronomique du Congo 
Atlas Anatomique des Bois du Congo Vol 5 Spermatophytes Par Lucien 
Lebacq, avec la collaboration de Roger Dechamps Pp 54454 planches 


(Bruxelles Institut National pour l'Étude Agronomique du Congo, 
1963 ) LiT 
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Bernice P Bishop Museum Buletin No 228 Notes on Ralatean 
Flowering Plants, with Descriptions of New Species and Vanetics By Jobu 
Wilham Moore Pp 11436 (Honolulu, Hawan Bernice P Bishop Museum, 
1963 ) 1 75 dollars {111 

Durban Museum Novitates Vol 7, Part 2, (1st August, 1963) A Chech 
List of the Butterflies of Natal and Zululand By K M Pennington Pp 
27-70 75cents Vol 7, Part 3 (31 August, 1963) On the Occurrence of the 
Leaf-Nosed Bat Trwenops afer Peters, in Mozambique By David L 
Harrison Pp 71-72 10 cents Vol 7, Part 4, (80th September, 1963) 
A Contribution to the Ornithology of Sul do Save, Southern Mocambique 
pY py rer J Lawson Pp 73-124 R 1 (Durban Durban Musan 
1 

Comité International des Poids et Mesures Procès-Verbaux des Séances 
Se Série, Tome 80, (51e Session, 1962, 2-5 Octobre) Pp 147 (Paris 
Gauthier-Villars et Cie , 1963 ) 

The National Research Council of Canada Forty-suth Annual Report, 
1962-1963 Pp 47 (Ottawa The National Research Council of veneer 
1963 


United States Department of the Inferior Fish and Wildlife Service: 
Bureau of Sport Fisheries and Wildlife Cucular 166 Waldhfe Research, 
Problems Programs Progress 1962——Activities of the Branch of Wildhife 
Research in the Bureau of Sport Fisheries and Wildlife for the calendar year 
1962 Pp vit+66 (Washington, D C Government Printing Office, 1963 }{111 

Canada Department of Northern Affairs and National Resources 
National Museum of Canada Natural History Papers No 19, (30 September 
1963) Additional Records of Mastodons and Mammoths m Canada Sv 
C M Sternberg Pp 11 No 20, (30 September, 1968) Studies of the Byron 
Bog ın South-western Ontario X VI-—Observations on the Life Cycles of Two 
Species of Crangonyz (Crustacea Amphipoda) By W W Judd Pp 9 
No 21, (26 September, 1963) Early Discoveries of Dinosaurs By O M 
Sternberg Pp 4 (Ottawa Queen’s Printer, 1963 ) [111 

United States Department of the Interior Fish and Wildlife Service 
Bureau of Commercial Fisheries Statistical Digest No 54 Fisher 
Statistics of the United States 1961 By E A Power Pp 460 (Washington, 
DC Government Printing Office, 1963 ) 2 dollars {111 

Canada Department of Northern Affairs and National Resources 
National Museum of Canada Bulletin No 185 Contributions to Zoology, 
ee Pp vi+109 (9 plates) (Ottawa Queen’s Printer, 1963 ) i fa 

ollars 

United States Department of the Interior Geological Survey Water- 
Supply Paper 1586-D An Empirical Method of Determiming Momentary 
Discharge of Tide-Affected Streams By S E Rantz Pp 1u1+28+plate 1 
Geophysical Abstracts, No 200, September 1963 By James W Clarke, 
Dorothy B Vitaliano, Virgina S Neuschel, and others Pp 141+751-842 
35 cents Geophysical Abstracts, No 201, October 1963 By James W 
Clarke, Dorothy B Vitaliano, Virginia S Neuschel, and others Pp 1u1+843- 
930 85cents Bulletin 1142-G Geology of the Red Devil Quicksilver Mine, 
Alaska By E M MacKevett, Jr, and H C Berg Pp u1+16+plates 1-7 
Professional Paper 374-6 Reconnaissance Geology between Lake Mead and 
Davis Dam, Arizona-Nevada Bv Chester R Longwell Pp :1v+51+plate 1 
Professional Paper 403-C Petrology of the Volcanic Rocks of Guam By 
John T Stark With a section on Trace Elements on the Volcanic Rocks of 
Guam by Joshua I Tracey and John T Stark Pp i1+32 Professions 
Paper 422-B Hydraulic Geometry of a Small Tidal Estuarv By Robeit 
M Myrick and L B Leopold Pp 11418 Professional Paper 454-A 
Petrography of some Sandstones and Shales of Paleozoic Age from Borings 
in Florida Bv Dorothy Carroll Pp ui1+15 (Washington, DO Govern- 


ment Printing Office, 1963 ) [111 
Annual Report, 1962 Pp if+134 


VOL. 200 


Rubber Research Institute of Malava 
(Kunin Lumpur Rubber Research Institute of Malaya, 1963 ) 3 meer CF 

ollars 

Bechuanaland Protectorate, Annual Report of the Geological Surves 
Department for the year ended 31st December, 1962 Pp 41 (Lobats 
Geological Survey, 1963 ) 30 cents 511 

United States Department of the Interior Geological Survey Bulletin 
1122-G Geologic Settang of the Hamme Tungsten District, North Carolina 
and Virginia By John M Parker Pp tv+69-+-plates 1 and 2 Bulletin 
1123-E Geology of the Platteville Quadrangle, Wisconsm By Allen F 
Agnew Pp iv+245¢+plate 10 Bulletin 1141-H Geology of the Pmal 
Ranch Quadrangle, Arizona By N P Paterson Pp 11+18+plate 1 
Bulletin 1141-K Geology of the Clark Fork Quadrangle, Idaho-Montana 
By J E Harrison ond D A Jobin Pp 1v+3S+plates i and2 Bulletin 
1144-E ‘Porosity and Bulk Density of Sedimentary Rocks By G Edward 
Manger Pp 11+55 Bulletin 1162-B Geology of the Railroad Mining 
District, Elko Countv, Nevada Bv Keith B Ketner and J Fred Smith, Jr 
Pp iv+27+plate 1 Bulletin1155 Contributions to Economic Geology of 
Alaska Pp vi1+98+plates 1-4 Bulletin 1182-C Selected Bibliography 
of Tale in the United States By G W Merull Pp 11+26 Water-Supply 
Paper 1663-B <A Brief Appraisal of Ground-Water Conditions im the Coastal 
Artesian Basin of British Gutana, South American By G FE Worts, Ji 
eee +plate 1 (Washmgton, DC Government Puiinting paee 

) 

Republic of South Africa Department of Commerce and Industries 
Division of Sea Fisheries Investigational Report No 46 The Biology of 
Guano-Producing Sea-Birds 5 Composition of Colonies on the South 
West African Islands By R W Rand (Reprint from Commerce and 
Industry) Pp 26 (14 plates) (Sea Pomt, Cape Towa Division of Sea 
Fisheries, 1963 } [511 

Population Reference Bureau, Inc Population Bulletin, Vol 19, No 6, 
(October 1963) World Population—~1963 Pp 137-168 (Washington 
DC Population Reference Bureau, Inc , 1963 {511 

Austraha Commonwealth Scientific and Industrial Research Organiza- 
tion Fifteenth Annual Report, 1962-638 Pp 1v+162+25 photographs 
ane Commonwealth Scientific and Industriai Research Organization, 


511 
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I Part of our extensive service to Biology 


COLOUR SLIDES 
2x2’ 


if you use a 


MICROSCOPE 


you need a 


SINGER 


FULLY PATENTED 


MIGROMANIPULATOR 


Singer micromanipulators are used in 
most laboratories all over the world 
Three types available 

Mk I Low power for magnifications 
x1 to x200 

Mk IT For magnifications x1 to 

x 500 

Mk UI High power for magnifications 
x 100 to x 1,000 plus 

The most advanced instruments for 
micromanipulation As described by 
Barer and Saunders-Singer with further 






Pearl Bordered Fritillary 
By S$. Dalton, AR P.S. 


From a fine new series of colour photographs of living 
British Insects 


improvements Oth i ud labi iud 
s er colour slides available include 
ants and demonstrations upon Marine Biology, British Wild Flowers , 


Life Histories of Honey Bee, Cabbage White, 
Poplar, Hawk, Blowfly, Pine, Dodder, etc. ; 
Animal Histology , Hive Bee Anatomy, ete. 


FLATTERS & GARNETT LTD. 


309 OXFORD ROAD, MANCHESTER I3 


SINGER INSTRUMENT CO. LTD., 
Fountain Court, 83 London St, 
Reading, Berkshire, England 
Telephone Reading 53613. 





-MICROMANIPULATORS 











ULTRAVIOLET lamps 


for scientific and industrial uses NE 
r> 


Equipment for— 


Photochem:cal Reactions 


oe sk 


Fluorescent Testing 
Water Ster-lization 
Aur Disinfection 
Chromatography 
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Accelerateč Ageing 
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Discharge Lamps for Lasers 


Please write for our literature, stating your field 
of interest, or seek the benefit of our long 
expenence if you have any research or manufac- 
turing problem tn which the application of uy 
rays might provide an answer 











ENGELHARD HANOVIA LAMPS 





DEPT. 125/59 - SLOUGH - BUCKS . TEL: BURNHAM 500 





CLASSIFIED ADVERTISEMENTS 


are charged at {2s for the first line and 
6s per line thereafter Lines in capitals or 
containing words in capitals 12s per fine 
Semi-displayed £4 16s per single column 
inch Colour (orange) £15 extra is 1s 
charged for the redirection of replies to 


advertisements with a box number 


ADVERTISEMENTS SHOULD BE 
ADDRESSED TO T G Scott and Son, 
Limited, | Clement's Inn, Strand, London 
WC2 Telephone HOLborn 4743 Tele- 
grams Textualist Estrand, London 





APPOINTMENTS VACANT 


REPUBLIC OF THE SUDAN 
MINISTRY OF AGRICULTURE 
AGRICULTURAL RESEARCH DIVISION 


Applications are invited from those suitably 
qualified to fill a vacancy for Senior Statistician 
and Statistician in the Gezira Agricultural Re- 
search Station at Wad Medani 

Qualifications Honours degree in Mathematics 
or Statistics with postgraduate qualifications in 
Mathematica] and Experimental Statistics 

Experience Senror Statistician (post a}—-con- 
siderable expenence in the Design and Analysi< 
of Experiments ts essential Experience of re- 
search m more than one branch of Biometry 1s 
desirable, and knowledge of sample Surveys 
would be an advantage 
Statisucian (post b)—experience of research and 
application of Biometric methods 1s desirable 

Dunes The Senior Statistician would be in 
charge of the Statistical Unit at the Gezira Re- 
search Station and is responsible for the design 
and analysis of the more complicated experi 
ments, the p'anning of surveys, etc He will te 
expected to advise other units on experimental 
techniques and on data analysis and processing 
The Statistician will be responsible for the pro- 
jects and invesiigauons allocated to him by the 
Senior Statistician 

Terms Appointment will be on Short Term 
Contract for a period of five years in the salary 
tange—-Post a £S 1,225 to £S 2,210 with bonus, 
or £S 1 306 to £S 2 360 without bonus Post b— 
£S 1,225 to £$ 1,900 with bonus or £S 1,306 to 
£S 2,026 without bonus {£S 1=£1 Os 6d) The 
Starting rate will be fixed according to age, quali- 
fications and experience In the case of special 
qualifications a rate of pay higher than the maxi- 
mum may be considered <A cost of living allow- 
ance of approximately £S 187 per annum and 
outfit allowance of £850 ıs also payable At 
present there 1s no income tax in the Sudan 
Home leave accrues at the rate of seven days 
per month, with free air passage Government 
housing 18 provided at Jow rentals, or if not 
available a housing allowance will be granted 
A system of hire of basic furniture is being 
introduced 

Requests for further details and application 
forms should be made to Appointments Section, 
Embassy of the Republic of the Sudan 3 Cleve- 
land Row, St James’s, London, SW I quoting 
glen 7-4/432 a or b Closing date January 
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UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF ZOOLOGY 
Appheations are invited for a post of Research 
Assistant, sponsored by the United States Public 
Hea'th Service, to undertake taxonomic and eco- 
logical work in the aquatic Oligocheata Candi- 
dates should hold a degree in zoology and shouid 
have an interest im ecology, freshwater biology 
or pollution studies The salary scale will be 
£750 by £25 to £850 per annum The possibility 
of working for a higher degree 3s not excluded 
Laboratory and field work will be involved 
Applications, stating age, academic qualitfica- 
tions and experience, together with the names of 
two referees, should be received not Jater than 
January 10 1964, by the Registrar, the Univer- 
mae oe 3, quoting reference number CV/ 


UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF PHYSICS 


Temporary Contract Assistant required to con- 
Struct and test electronic equipment for satellite 
instrumentation Candidates should have had ex- 
perience with transistorized circuitry Salary up 
to £900 per annum according to age and qualifi- 
catons Period of appointment two years 

Applications in writing, giving details of age 
education and experience and the names of two 
referees should be sent to the Secretary and 
Registrar, the University Southampton, as soon 
as possible 
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SELENIUM 
RECTIFIERS 


‘ University Graduates and Engineers with HNC are required to work on new pro- 


ducts in our Selunmum Rectifier dexvclopment programme 


Vacancens exist m , 


PROCESS DEVELOPMENT 
ELECTRICAL EVALUATION 
APPLICATIONS 


rxptricncee with selenium or o her semiconductors is desirable but not essential 


Rented (non-tnd) accommodation 1 avallabhk. for successful applicants 


Apply to The Personnel Manager, 


Ge Stondard Telephones and Cables Limited 


SEMICONDUCTOR DIVISION—RECTIFIERS 
Edinburgh Way, Harlow, Essex ; 


BACTERIOLOGIST 


UNILEVER RESEARCH LABORATORY, Colworth 
House, invites applications from bacteriologists for an 
appointment ın a team investigating the intestinal flora 


of young farm animals 


Please wiite for an application form to 





DARTMOUTH MEDICAL SCHOOL 


Experienced electron microscopy technician or 
graduate assistant required for research on 
immunologic aspects of placental morphogenesis 
and homograft mechanisms Starting salary 
$4,000 to $6,000 dependent on qualifications and 
experience = 

Further particulars may be obtained from Dr 
M Galton, Department of Patrology, Dartmouth 
Medical School, Hanover, NH 03755, USA 





THE NATURE CONSERVANCY REQUIRE 
a Principal Screntific Officer for work in the Toxic 
Chemicals and Wildlife Section, Monks’? Wood 
Experimental Station, Huntingdon, to direct work 
on insect populations Qualifications a good 
honours degree and considerable postgraduate re- 
seatch Preference will be given to applicants 
with practical experience of quantitative methods 
of population estimation with experience of more 
than one taxonomic group and with an apprecr- 
ation of statistics Starting salary on scale £1 894 
to £2 646 Superannuation F § S U —Applica- 
uons, giving full detaris of age education, ex- 
perience National Service, Natural History nter- 
ests and other relevant information, with names/ 
addresses of two referees to The Nature Con- 
servancy (E), 19 Belgrave Square London 
SW i, by January 10, 1964 


THE STAFF OFFICER (FRR/245A), UNILEVER RESEARCH 
LABORATORY, COLWORTH HOUSE, SHARNBROOK, BEDFORD 


UNILEVER RESEARCH 


GOVERNMENT OF THE 
FALKLAND ISLANDS 


Grassiand Investigator required to investigate 
experiment and report on the best methods of 
developing and improving grasslands Candi- 
dates must be between 25 to 35 years of age 
single, hold an honours degree im agriculture 
or an appropriate Science and have a minimum 
of three years experimental experience Appont- 
ment on contract for one tour of three years 
Inclusive salary scale £1,600 to £2,000 a year 
Free passages Free medicai and dental treat- 
ment 

Apply, stating full name and giving brief par- 
tuculars of quahficahons to Director of Recre- 
ment, Department of Technical Co-operation 
Eland House, Stag Place, London, S W 1, quoting 
Cl/RC 213/48/0) 


UNIVERSITY OF SASKATCHEWAN 
DEPARTMENT OF ANATOMY 

Applications are invited for the position of 
Assistant Professor in Atiatomy Salary range 
$7,000 to $9,300 according to experience Ample 
cpportunities for research xn various fields Good 
research facrlities 

Apply to chairman of the Department of 
Anatomy, Saskatoon, Sask, Canada 
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Continuous development of Isopad 
products enables us to say, con- 
fidently, that they are unequalled in 
Optimum quality of construction and long life, 


quality costs yet often cost less. Our catalogue 


lists the complete range and gives 
D j less when you information about how to order. 


| specify Please write for your copy. 


~ |somantle 


LABORATORY HEATING EQUIPMENT ‘ 


w 










Recent Developments: 


=) Both standard and popular 
Multisize ISOMANTLES are 
now made with built-in Energy 
Regulator. 


2) Isopad EXTRACTION UNITS 
can have a Temperature Indi- 
cator for each position. 


4) The new range of HEATING 
TAPES FORLABORATORIES 
includes moisture proof and 
high temperature types. 
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ISOPAD LIMITED °» BOREHAM WOOD >» HERTS 


Talegrams isopad Borehamwood 


ISOPAD 





Telephone Eistree 2817 
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Full size plastics tanks 
4. which can be FOLDED UP e 
PN s 
and stored in a small space. 


cy 


with news of Chromatobags 


It ıs frequently necessary to exclude wood and metals from 
paper chromatography apparatus, and all-glass equipment 
is consequently widely used, but glass ts fragile. 


NOW CONSIDER THE ADVANTAGES OF CHROMATOBAGS 


@ Inexpensive to transport @ Airtight—resistant to all 


@ No cleaning problems—un- , COMMON solvents 
breakable transparent containers 
are disposable when contam- 
inated 


@ Quick-strip framework Con- @ Specially suitable for work 
venient for folding up and with radioactive isotopes or 
storing in small space highly toxic chemicals 


HOW CHROMATOBAGS ARE USED 


A Gallenkamp ‘Chromatobag’ consists of a readily demountable” plastics coated 
framework which supports the solvent trough and the guide rods for the paper 
strips or sheets A tough flextble plastics bag draws up over this frame to form a 
‘tank’ and the enclosure 1s rendered airtight by clipping the neck of the bag To 
replenish the trough or remove the chromatograms, the bag is opened and, if 
necessary, slipped down over the framework ‘The bags are transparent so that 
the strips can be inspected when the bag is closed The design does not necessitate 
any special chromatography techniques, but rather simplifies procedure by enabling 
the user to reach wet chromatograms from the side instead of from the top 
‘Chromatobags’ can be used equally satisfactorily for descending, ascending or 
two-dimensional work using paper strips or sheets, When the bags become old, 
soiled or contaminated thay can be replaced very easily and their destruction 
presents no problem 


Ask for News and Review for full details of Chromatobags and many other new items 


@ Complete accessibility to 
chromatograms 





Technico House, Christopher Street, London, E.C2 Tel BlShopsgate 321! 


WIDNES STOCKTON-ON-TEES 

OUERT ‘ Victoria House, Widnes, Lancs Portrack Lane, Stockton 
Tel : Widnes 2040 Tel: Stockton 63441 . 
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